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mentation of health policies and health systems

ought to be based on precise measurements and
understandings of prevalence and incidence of commu-
nicable and non-communicable diseases, accidents and
other disabilities, given past and current demographic
and epidemiological profiles in societies as well as how
they are predicted to change over time. Equally crucial is
the need to understand and appreciate the underling
mechanisms and influential factors of these changes, and
their monetary and non-monetary costs and implications
to individuals, families, communities and governments
in the global context. In specific contexts, it may be the
interactions between factors from different levels and
categories of determinants, and their timing and sequen-
cing during the life courses, which are critical to the
health of individuals and populations and how the health
care system responds to health problems. To advance
knowledge and promote action, various theoretical pers-
pectives, notably the epidemiological transition theory
(1, 2), have been used in an attempt to both describe
and understand local, national and global patterns in
demographic and epidemiological profiles within and
across societies, given the multiple domains of health (3).
The epidemiological transition theory was first for-
mulated by Abdel R. Omran (1) to describe quite ac-
curately the shift in demographic and disease profiles
reflecting historical experiences of populations in Europe
and North America from the mid-18th century through
the 1950s. Over the past four decades, the focus in
numerous academic and research settings has been on
this theoretical perspective for training and research. It
has also been used extensively for research and discussion

The planning, development and sustainable imple-

on the changing demographic and epidemiological pro-
files in developing countries. By and large, it has been used
as a main conceptual framework in discussing how disease
patterns change over time from predominantly infectious
diseases to chronic non-communicable diseases. Since the
1980s, this theory has been challenged on its applicability
in low- and middle-income countries (LMICs) where valid
and reliable morbidity and mortality data over long time
periods are often lacking or incomplete. The validity of
Omran’s model has also been questioned for failing to
recognize and analyze the importance of cultural and
social beliefs and values, political forces and health policy
in understanding epidemiological profiles, especially in
developing countries. Understandably, with improve-
ments in survival at early ages in tandem with increasingly
growing proportions of adult and elderly populations
as well as the emergence of new infectious diseases, such
as HIV/AIDS and the re-emergence of old ones such as
tuberculosis, cholera, polio and dengue fever, disease and
mortality patterns in populations of LMICs have been
changing in unprecedented ways. These countries are
largely faced with scarcity of adequate data for health
policy and planning, with the double burden of commu-
nicable and non-communicable diseases, with their health
systems still mainly ill-prepared to face the challenges of
quality care and affordable health care services, with a
sizeable proportion of their populations living in chronic
poverty and unmet basic needs, with no access to clean
water, and with inexistent or sub-standard sanitation
systems. Over the past 20 years or so, these compounding
situations have given rise to renewed interest in the
patterns of demographic and epidemiological profiles of
developing countries and whether existing theoretical
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perspectives in global health research can provide some
broad guidance. In response to those concerns, the United
States National Academy of Sciences organized two
workshops on the epidemiological transition in develop-
ing countries. One was in 1991 and led to the publication
of the workshop proceedings (4); another was convened in
2011 on the topic of epidemiological transition in sub-
Saharan Africa and resulted in a workshop summary (5).
These two workshops and resulting publications highlight
the continued interest in the epidemiological transition as
a broad research theme in global health.

This Special Issue of Global Health Action is timely
to reassess the epidemiological transition theory coined
by Omran over 40 years ago and to consider whether
it still serves the purpose it was intended for. In doing
s0, this Special Issue contributes most directly to the fast-
growing literature on global health research in the field
of population health. It contains 12 articles including this
editorial, which provide the latest evidence and brings
forth issues related to the epidemiological transition, in
response to a call for papers by Global Health Action for
the Special Issue on ‘Epidemiological Transitions: Be-
yond Omran’s Theory’.

This editorial first gives an overview of the other 11
articles published in the Special Issue. These articles
review the original formulation of Omran’s theory and
its applications, reappraise its utility and relevance to
contemporary developing countries, and consider its
usefulness for current and future demographic and
epidemiological changes. Then, with reference to devel-
oping countries and African countries more specifically,
we discuss the inadequacies of theoretical perspectives —
demographic transition, epidemiological transition and
health transition — since these perspectives have gener-
ally been used to inform the understanding of global
health researchers regarding the multilevel influences on
population change and epidemiological landscape in
societies over time. Next, we propose a new framework
that is better suited for guiding and illuminating histor-
ical, contemporary and future demographic and epide-
miological changes in human populations, especially in
LMICs. Special reference is made of African countries
where individuals and populations, on average, have been
falling excruciatingly behind by most indicators of well-
being and development. Finally, we discuss ways in which
the new framework and consequent multilevel life course
data collection and analyses might inform understand-
ings on underlying mechanisms of demographic and
epidemiological changes and the responses of the health
system to them.

Together with the editorial, these articles cover the
several broad topics related to the epidemiological transi-
tion. The first three papers clarify the concepts of the
epidemiological transition in parallel with those of the
demographic and health transitions, followed by reviews

and empirical assessments of their relevance in Africa and
other parts of the developing world. My paper starts by
presenting similarities and differences between the three
perspectives of the demographic transition, the epidemio-
logical transition and the health transition (6). It then
considers seven specific conjectures emanating from these
perspectives and empirically tests each of them with time
series data covering 60 years of population change and
mortality statistics for all five regions and 57 countries of
Africa, along with cause-of-death data. It is shown that
existing concepts provide inadequate frameworks for
describing and understanding population health trends
in Africa in general and specifically in sub-Saharan
African countries. With the notable exception of island
African countries such as Mauritius and probably some
northern African countries, the overwhelming evidence
indicates that over the past 60 years, African countries have
not experienced any sustained shift from one epidemiolo-
gical regime to another nor seen demographic changes and
health improvements as predicted from the perspectives of
the demographic, epidemiological, and health transition,
in contrast to prevailing situations in other developing
countries outside of Africa.

In a review of published studies from 1971 to 2013
on mortality transition and associated epidemiological
changes in diverse contexts of LMICs, Santosa et al.
document substantial variation in empirical evidence
supporting and contradicting Omran’s original proposi-
tions, and underscore the critical role of social determi-
nants of health in contributing to deviations from these
propositions (7). They synthesize some new evidence of
such deviations, such as in Nauru where high mortality
from infectious diseases gave way to quite high mortality
from diabetes, circulatory disorders and accidents over
a short period without any appreciable increases in life
expectancy; in Mexico with overlapping burdens of
disease and an increasing trend of non-communicable
diseases at younger ages during 1922—-1955 due to poverty
and unaffordability of healthcare; and in the native
Indian population in Canada following a different epide-
miological profile from the general population. They
stress the need for a new evidence-based framework
of patterns of changes in causes of death and disruptions
in health due to emerging risks, which focuses on the
underlying mechanisms and cause-specific mortality
changes that result.

Zuckerman et al. argue that from anthropological
and epidemiological perspectives, the original epidemio-
logical transition theory first formulated by Omran has
several limitations (8). Hence, they modify it within an
expanded evolutionary framework. They label the ‘first
epidemiological transition’ to coincide with the Neolithic
Period and the Agricultural Revolution, the ‘second
epidemiological transition’ to typify the Omran’s classic
formulation of the epidemiological transition theory,
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and the ‘third epidemiological transition’ to represent the
situation of emerging and re-emerging infectious diseases
occurring in the modern era. They do their cat-
egorization by using the hygiene hypothesis to explain
the increased incidence of chronic inflammatory diseases
(CIDs) such as allergic and autoimmune diseases or to
explain the emergence and re-emergence of infectious
disease rise in CIDs; the concept of a third epidemiolo-
gical transition is used to explain the increase in emerging
and re-emerging infections. Building from the socio-
ecological model recognizing that a broad array of
systems and interrelated determinants of health operate
either synergistically or antagonistically in modern epi-
demiology, they discuss the implications of their categor-
ization for the understanding of the complex and multiple
dimensions of health and disease over time as well as
for clinical practice, global health policies, and future
epidemiological research which can contribute to im-
proving population health.

Since the International Conference on Population
and Development in Cairo in 1994, the agenda of
sexual and reproductive health has been brought to the
forefront in women’s health in LMICs. Yet, with rising
aging populations and higher proportions of females
than males surviving to old ages, non reproductive health
conditions such as non-communicable diseases are be-
coming a fundamental public health concern in those
countries. Using the example of depression and Type 2
diabetes co-morbidity in India, Mendenhall and Weaver
establish that women are increasingly confronting these
diseases within the complexities of the full spectrum of
health concerns covering invariably communicable and
non-communicable conditions (9). They call into question
the existing paradigm of diseases categorization and
propose a movement away from the traditional distinc-
tions between ‘chronic’ and ‘acute’, ‘communicable’ and
‘non-communicable’ diseases; they make the case that in
fact these conditions often occur together in most
societies of LMICs. They echo the call for a move beyond
diseased-focused model in public health to new public
health paradigms rethought in light of the challenges of
aging populations. Mendenhall and Weaver argue that
women living in LMICs have distinctively unique experi-
ences as they face social and health problems compared
to women living in developed nations. They warn against
bias of research from high-income nations in construing
LMIC women’s experiences and contributing to knowl-
edge displaced from women’s social experiences or
policies and programs disconnected from the social,
economic, and cultural factors surrounding women’s
mental and physical health problems in LMICs often
due to socially-driven inequalities. They argue for a life
course approach encompassing the role of social and
economic determinants of health in women’s lifetimes.
Mendenhall and Weaver advocate an integrative ap-

Cross-continuum of health, disease and mortality

proach that is health-focused as opposed to the disease-
focused approach which dominates clinics and public
health agendas as well as global health dialogues and
funding structures, as the co-occurrence of mental and
physical health problems gains recognition in the public
health agenda, a more nuanced understanding of socio-
cultural influences on women’s lifetime health is crucial.

Two studies focus on India. Yadav and Arokiasamy
assess the structural changes in the patterns of morbidity
and mortality in India for understanding India’s pro-
gress in epidemiological transition (10). They find struc-
tural changes in disease patterns concomitant with the
transformation in the age pattern of morbidity and
mortality. During the last four decades from 1970 to
2007, India moved quickly from the dominance of child
and adult mortality to a progressive phase with the
dominance of old age mortality. By the mid-1990s, the
burden of communicable diseases increased considerably
in adult and old ages. Using data from multiple sources,
they suggest that all geographical regions of India have
experienced a rise in morbidity accompanied with marked
fall in mortality, despite notable heterogeneity among the
states (e.g. highest morbidity rate of 255/1,000 persons in
Kerala and lowest morbidity rate of 33/1,000 persons in
poorer states of Jharkhand).

The secular decline of mortality in Kerala during the
last century set this Indian state apart from the others
and made Kerala a success story by most accounts.
Thomas and James examine the pattern of mortality by
cause of death and associated changes in human long-
evity in Kerala since the beginning of the 20th century,
to see if changes in mortality rates and causes of death
were characterized by a transition in mortality to the
adult ages and if there was a shift in the patterns of causes
of death from infectious to chronic, degenerative, life
style diseases (11). They find that the major reduction in
mortality occurred between 1951 and 1970 in Kerala.
They also suggest that there is an ongoing epidemiolo-
gical transition in the recent decades in Kerala whereby
more deaths due to non-communicable diseases such as
cardiovascular diseases, neoplasm, accidents and injuries
are occurring, than from infectious diseases and maternal
and child deaths.

Two studies are based on data from rural and urban
settings of Africa. The relevance of the theoretical pers-
pective of the epidemiological transition has been little
assessed in urban Africa. Masquelier et al. use a rich
database from monthly reports of deaths by cause (1900—
1907), published estimates (1931-1951) and micro data
from death registers (1976-2012) to summarize evi-
dence on trends in mortality by cause of death in
Antananarivo (Madagascar), to shed some light on the
timing and pace of the mortality decline as well as on
changes in cause-of-death patterns (12). They show that
the onset of the secular mortality decline in Antananarivo
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was ascribed to anti-parasitic and anti-microbial medi-
cine and that the health care system has played a crucial
role in mortality reduction in this urban setting despite
recurrent political crises and limited public resources.
From a theoretical perspective, Antananarivo has experi-
enced mortality falls, reversals and stalls over time, with
important setbacks particularly in the mid-1980s and the
coexistence of infectious diseases and nutritional defi-
ciencies with non-communicable diseases. It is only after
1990 that a sustained fall in mortality from infectious
diseases has been observed. Most deaths have been
captured in the vital registration system of this city as
far back as the 1960s in Antananarivo, and trends in
under-five mortality derived from death registers tend
to be consistent with estimates from Demographic and
Health Surveys (DHS) for the recent periods. Hence,
it is feasible to set up civil registration of death in major
African cities for monitoring changes in patterns of
mortality by cause and responses of the health care
system performance to health problems through health
interventions.

Migration and urbanization per se were not the focus
in classic formulations of theoretical perspectives of the
demographic transition theory or the epidemiological
transition theory. With over half of the world population
now residing in urban settings where natural increase
is playing an increasing role in population change and
distribution, the topic of migration and health in the
context of the epidemiological change has gained promi-
nence in recent years. Collison et al. take advantage of
the availability of longitudinal demographic and health
data on temporary rural-urban migration of rural resi-
dents from the northeast of South Africa, to analyze
trends in temporary migration and mortality and how
they are related over time in this setting (13). Temporary
migration is related to mortality from communicable
diseases, but this association is inconsistent over time.
For instance, there is a strong negative association be-
tween temporary migration of males and communicable
disease mortality early during the observation period,;
in contrast, the association of temporary migration and
mortality turns positive in the latter part of the observa-
tion period. However, in this study of the evolution of
the relationship between temporary migration status
and causes of death where the permanent residents who
formed the baseline category were not necessarily a
homogenous group during the study period, several
selective processes including those directly related to
health could not be ruled out.

Two papers consider health policy priorities in the
context of epidemiological changes. The burden of
mental, neurological, and substance use disorders in
South Africa like in many LMICs has been increasing
over time, and co-morbidities between these disorders
and other diseases including HI/AIDS, diabetes, stroke,

and epilepsy make them a public health concern. Spe-
cific challenges face South Africa’s mental health system
and there is limited evidence on economic assessments
of mental health in sub-Saharan Africa. Jack et al.
summarize current understandings and highlights key
knowledge gaps on the direct and indirect costs of these
disorders and the cost-effectiveness of their treatment
interventions, and consider how mental health services
can be scaled up toward universal health coverage in
South Africa (14). Their review suggests that the most
cost-effective interventions incorporate mental health care
into primary care or community services without the
use of specialized workers. Such interventions are ap-
pealing in South Africa given the high and increas-
ing prevalence of these disorders and comorbid chronic
conditions.

Metta et al. provide a narrative review of how the
existing public policy environment, health system and
community actions are dealing with non-communicable
diseases in Tanzania (15). Like in many African coun-
tries, there is a lack of a policy for the rising burden of
non-communicable diseases within the existing health
care system in Tanzania. This hampers the development
and implementation of effective strategies for the pre-
vention and control of these diseases and their risk
factors at the individual, family and community levels.

Finally, one paper deals with data needs for research
on the epidemiological and demographic changes. Health
information is notoriously deficient in the vast majority
of developing countries, notably in Africa. To reliably
document and appraise epidemiological changes for
suitable health policy and planning in such settings, Byass,
de Savigny and Lopez propose a practical and strategic
approach to health information development. This ap-
proach focusses on a minimum dataset involving three
interweaved components (16). The first component entails
a continuous, reliable and unbiased documentation of age-
and sex-specific mortality by major causes of deaths in the
population using routine civil registration with vital
statistics that are enhanced with mortality surveillance
systems through verbal autopsy where necessary. They
provide supporting evidence of a growing capacity devel-
opment for producing and using cause-of-death data at
country and sub-national levels through sentinel mortality
surveillance systems such as the Health and Demographic
Surveillance Site (HDSS) data from the INDEPTH Net-
work with verbal autopsy or through sample registration
with verbal autopsy (SAVVY). In the absence of accurate
information on cause of death, verbal autopsy methods
for LMICs are becoming increasingly standardized,
adapted and simplified through machine coding of causes
of death. The second component is a biennial documenta-
tion of exposure to the top 10 major risk factors for the
leading causes of mortality by age and sex using popula-
tion-based nationally representative surveys such as the
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DHS being carried out since the late 1980s in these
countries. The third component consists of an annual
documentation of essential preventive and curative inter-
ventions for these major causes and risk factors at the
district-level within national health information systems.
These authors also discuss some critically important
questions to be addressed, including: the cost-effective
strategies for integrating these dataset within the capacity
development of national health information systems; the
methodological implications for upgrading national
health information systems to reliably and timely capture
epidemiological changes; and the ethical and political
issues to ensure sustainable improvements in national
health information.

Overall, this set of 11 articles provides a global and
quite representative picture of a range of topics of interest
to researchers, planners, policymakers and the interna-
tional community. These articles shed light on trends in
the changing disease and cause-of-death mortality pat-
terns, how policymakers may use or have been using
this information to make decisions about the priorities
for the health sector. All these papers have emphasized
the importance of collecting quality data on disease, mor-
tality by cause of death, and risk factors that contribute
to them. They have also highlighted the limitations of
existing theoretical perspectives.

Inadequacies of the demographic,
epidemiological, and health transitions for
global health research
Omran’s concept of the epidemiological transition is
situated at the confluence of the concept of the demo-
graphic transition (17) — which preceded it — and the
concept of health transition (18-20) — which followed it.
The common feature of the three frameworks is that
mortality transition is inherent to each of them. The
demographic transition embodied the mortality transi-
tion and the fertility transition, migration and other
demographic phenomena being generally treated as inter-
vening variables. The epidemiological transition is based
on the mortality transition of the demographic transition
and expands the scope of this transition framework by
incorporating the secular changes in disease patterns
in tandem with secular changes in mortality; mortality
decline is expected to trigger fertility decline generally
with some time lag from the onset of the mortality de-
cline. By and large and for all useful purposes, the health
transition remains an ambiguous concept, which in em-
pirical studies has been operationalized as an extension
or a revision of the epidemiological transition in low-
income countries (19), middle-income countries (18), and
high-income countries (20).

Notwithstanding their merits for the description of
demographic and epidemiological changes and disease
patterns in populations of Europe and North America

Cross-continuum of health, disease and mortality

through the 1950s, the critiques over the years of these
frameworks in dealing with the complexity of changes in
the patterns of mortality and morbidity have revealed
their limitations. In essence, they are descriptive models
and not explanatory frameworks, and they cannot be
used either as a theory of general validity or as a technical
tool for health policy and planning, especially in most
environments of the developing world. This is the case
especially in sub-Saharan African countries (6). One
criticism of these ‘transition’ frameworks is their inflex-
ibility in stipulating a stage-wise linear approach, treating
the population as an undifferentiated unit and in an
oversimplification of the transition patterns, which do
not fit neatly into either historical periods or geographic
locations. This stage-wise approach to the demographic
transition, the epidemiology transition and the health
transition, has drawn the most criticism. The linear
progression they suggest is in question given a number
of variants describing at different spatial scales and
population sub-groups, the complexity of demographic
and epidemiological changes. Another criticism concerns
the timetable, thresholds and number of stages in the
‘transition’ frameworks. As we show below, there is a
need for different explanatory frameworks of complex
changes in health, disease and mortality for guiding
the development of data collection and methods of
analysis in research for action in health promotion and
health policy at the global, regional, national and local
levels.

Why should the demographic transition theory be
revisited?

The demographic transition is an interpretative descrip-
tion of historical changes in vital rates from high to
low mortality and fertility and the associated trends in
population growth in the process which began around
1,800 with declining mortality in Europe, in response to
industrialization characterized by inherently different
packages of social and economic factors. These secular
changes are accepted as a definite succession of stages:
during the pretransition stage, mortality and fertility
are high; during the transition stage, first mortality and
then fertility decline, causing a period of robust popula-
tion growth followed by a deceleration to slow popula-
tion growth, moving toward low fertility, long life and
population aging (17, 21-23).

The demographic transition and the epidemiologi-
cal transition (hence the health transition) stipulate
mortality decline as a precondition for fertility decline
(1, 17, 22, 24), thereby precluding the possibility that
mortality declines may not be followed, with a lag of
50 years or more generally assumed, by fertility decline.
But what will be the consequences if mortality declines
and fertility does not? This situation has been shown to
happen in several African countries and regions over the
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past 60 years of historically unprecedented mortality
reductions throughout the continent (6). The theoretical
perspectives of the demographic, epidemiological and
health transitions preclude this uncovered African situa-
tion. The data from Europe also showed that once
marital fertility had dropped by as little as 10%, the
decline spread rapidly whether or not infant mortality
had already declined (25). In fact, the demographic
transition in particular has not succeeded at predicting
levels of mortality or fertility or the timing of the fertility
decline in Africa. This is because the initial explanation
for the demographic behavior during the transition
tended to be ethnocentric, relying almost exclusively on
the contention that what happened to the now-developed
countries should happen to other countries in some
predictable fashion. This transition is expected to spread
to all parts of the world with a projected completion
of 2,100 (22). The influential preconditions in African
countries are considerably different from what they were
when the now-industrialized countries began their transi-
tion. Demographic transition theory is notoriously in-
appropriate for predicting or explaining past and future
trends in mortality, fertility and population growth,
especially in African regions and countries (6) and is
pretty much of no use for population policy. Prior to
undergoing the transition, few of the now-developed
countries had birth rates and death rates as high as those
of most African countries over the last 60 years and
currently for several countries. Internal economic devel-
opment emerged as a sufficient though not a necessary
cause of mortality and fertility reductions in industria-
lized countries; in contrast, prevailing conditions of
mortality declines in Africa resulted from foreign aid
coupled with public health measures and medical tech-
nology brought for disease prevention and control.
Moreover, the two elements which affected the onset
and sustainability of fertility reduction in developing
countries included government policy intervention and
new levels of communication in mass media.

The second critique has to do with the culture. There are
regional patterns, along cultural and linguistic lines, in
fertility and mortality patterns and life expectancy trajec-
tories among African countries. We found that these
African puzzling historical patterns occur in contiguous
areas and countries that are culturally similar (same
language, common ethnic background, similar lifestyles),
even though the levels of urbanization and economic
development are different. In particular, this applies to
HIV/AIDS given its regional mapping in Africa. The
health, disease and mortality patterns and population
change more broadly over the last 60 years in Africa
occurred in the context of widely differing political, social,
economic, and demographic conditions which are quite
distinct from those experienced by developed countries.

Finally, the demographic transition’s end-point is still
far from clear and remains debatable (26). The end-point
of the demographic transition was supposed to be an
older stationary and stable population corresponding
with replacement fertility of 2.1 children on average,
zero population growth, and life expectancies higher than
70 years. The expected stabilization of population and
convergence in birth and death rates has yet to emerge
(26), just as the three-stage demographic transition is
far from starting in many African countries (6).

Why should the epidemiological transition theory be
revisited?

The concept of the epidemiological transition was for-
mulated as a model for integrating epidemiology with
demographic changes in human populations (1, 2, 27).
The sequence of events marking these changes represents
an important trade-off between mortality and morbidity
as a result of the interaction between epidemiological and
demographic processes (28). There are several limitations
to this framework.

First, for a number of scholars (18, 19, 26, 29-42), the
epidemiological transition remains a conceptually weak
concept in describing and explaining the epidemiology
of population change. Paul Farmer has pointed out that
the epidemiological transition is a deeply ambiguous
framework when infectious diseases have remained so
omnipresent in the global health context (43).

Second, the epidemiological transition concept is ill
defined, and therefore cannot be put into operation
without ambiguity, given the main problem with identify-
ing the beginning of the epidemiological transition on
the basis of changes in cause-of-death patterns (20, 44).

Third, Omran’s epidemiological transition theory
has been criticized for being overly focused on mortality
and fertility at the expense of morbidity and its risk
factors, including an insufficient account of the role of
poverty in determining disease risk and mortality, espe-
cially in less developed countries (18, 20, 45, 46). This
criticism is reminiscent of the Omran’s concept draw-
ing on Notestein’s formulation of the demographic tran-
sition (17), just like other stage-wise formulations such
as the health transition.

Fourth, there is an overemphasis on mortality rather
than disease causality and morbidity, thereby failing to
understand the correlation between the causes of death
and the actual morbidity that people experience during
their lives (35, 36). Thus, the model of epidemiological
transition is compromised by the uncertain nature of
the mechanisms that drive progress through the transi-
tion lives (47, 48). It has been argued that the epidemio-
logical transition ‘fails to grasp the global nature and
the historical sequence of the mortality transition as it
spread’, and that it is ‘insufficiently epidemiological in
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that its focus was the changing causes of death rather
than the changing causes of patterns of illness’ (22: 160).

Fifth, the relative role and importance of infectious
diseases (IDs) and non-communicable diseases remain
unsettled (43, 47-51). On the one hand, Mackenbach (36)
asserts that ‘degenerative and man-made diseases’ is
a misleading term for conditions such as cancer and
cardiovascular diseases which have complex etiologies.
On the other hand, a recent debate has emerged on the
epidemiological transition regarding what should be
considered as ‘infectious diseases’ (52-55). Condrau
and Worboys (41: 153—-154) argue that the importance
of infectious diseases as a cause of death in the 19th
century in England and Wales has been overstated and
conclude: ‘If infections were not the major causes of
death a century ago, then surely any major transition
is a chimera’. French scholars have vividly argued that
in France, the mortality increase hitherto ascribed to
cardiovascular diseases may have been an artifact of
cause-of-death misclassification of deaths due to ill-
defined causes once deaths are properly distributed at
least until 1925 (56). They based their contention on
their reconstitution of historical series of deaths classified
by cause of death on the basis of a constant definition
above and beyond the various revisions of the Interna-
tional Classification of Diseases (56). Put differently,
Martilnez and Gustavo (44: 543) raised the question
“Transition ... towards what?’. Weisz and Olszynko-Gryn
(49: 309) has noted: ‘If Omran essentially ignored chronic
disease in most of his work why did he bother including
it in his theory? ... Omran was a bricoleur who liked
connecting everything he knew about a subject’. Not only
do some infectious diseases have chronic disease char-
acteristics, but infectious agents and related inflamma-
tory processes are also important in the etiology of a
number of chronic diseases and adverse outcomes (57)
and preventive programs (58).

Sixth, the epidemiological transition has been criti-
cized for failing to distinguish adequately the risk of dying
from any given cause or set of causes from the relative
contributions of the various causes of death to overall
mortality (59). As patterns of disease and mortality
change, there are changes in the relative contribution of
different causes to overall mortality that may not reflect
changes in actual risk (57). Heuveline et al. (60) have
shown that the people in the poorest quintile suffer
consistently higher mortality in all three of the major
categories of disease (i.e. Group I — Communicable,
maternal, perinatal and nutritional conditions; Group 11
— Non-communicable diseases; Group III — Injuries)
used by the World Health Organization than those in
the richest quintile, most of the excess mortality being
primarily due to the higher risk of communicable diseases.
In Africa, both the relative contributions and the actual
risk of death from the major cause-of-death categories

Cross-continuum of health, disease and mortality

vary widely across countries, even between countries in the
same region, as well as across population groups within a
country (61-64). Thus, the epidemiological transition
oversimplifies the patterns and relations among risk of
mortality, mortality causes, and life expectancy. As sub-
stantiated by recent developments in epidemiological meth-
ods, the patterns are clearly more complex than simply
declining mortality rates from infectious diseases and in-
creasing rates of death from non-infectious diseases (57).

The seventh criticism is that the resurgence of old
diseases and emergence of new diseases was not antici-
pated in the epidemiological transition. In fact, Omran
(2) emphasized the fact that whether infectious diseases
will ever be extinguished remains a question with a
regrettable answer. Indeed, the idea of an ‘epidemiologi-
cal transition interrupted’ has recently been proposed
and discussed (37, 38), disproving Omran’s epidemiolo-
gical transition conceived as a three-stage transition (1).
Our cross-examination of evidence from Africa (6) and
empirical evidence both historical and contemporary
from other studies (26, 37, 38, 43, 48, 51, 59) warns
against the operation of a smooth and uninterrupted
progression from stage one to stage three and beyond,
which was ultimately proposed by Omran (2).

Why should the health transition be revisited?

Several criticisms of the epidemiological transition just
identified apply to the health transition. Moreover,
there is no agreed upon definition of health transition or
its testable characterization in low-income countries,
and the concept can hardly be put into operation without
ambiguity (6). Omran (2: 99) stressed that ‘all of the
transitions involved in both the dependent and indepen-
dent variables are subject of epidemiological study and,
hence, are encompassed by the epidemiological transi-
tion. Epidemiology incorporates the scientific capacity to
analyze social, economic, demographic, health care,
technological and environmental changes as they relate
to health outcomes. Classifying all the changes in these
variables under the “health transition” would, however,
be confusing. Health is a dependent variable of epide-
miology, not vice-versa’. Building on the lessons from the
historical experiences of developed countries, much of
the decline in mortality in the late 18th century and
throughout the 19th century in Western countries pre-
ceded the development of modern medicine. For Cald-
well, the term ‘health transition’ refers to the driving
forces (cultural, social and behavioral change) of im-
provements in health, with relevance to circumstances
of poor economic growth found in many sub-Saharan
African countries. It does not address the impact of
economic growth and the introduction of modern
medicine in such improvements. But, just as one cannot
see changes in a society in a stage-wise perspective, so no
model can assume that the poor economic growth
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performance is homogenously invariant in Africa (e.g.
Equatorial Guinea is now considered by the World Bank
ranking as a high-income country). Chen et al. (65) also
challenged the usefulness of the health transition for
policy development.

All of these limitations of existing frameworks for
investigating demographic and health changes in the
epidemiological landscapes of countries around the
world, call for a look anew at ways to better understand
the mechanisms underlying the exposure to and occur-
rence of disease, illness, sickness, death and ensuing
phenomena.

Beyond the demographic, epidemiological
and health transitions: multilevel eco-
epidemiological life course framework for the
health, disease and mortality cross-continuum

Research traditions and general strategy

Building from prevailing research traditions in causality,
modeling, causal inference and counterfactuals (66—74),
health-related analytical frameworks (75-83), and theo-
retical perspectives just reviewed — demographic transi-
tion theory (17), epidemiological transition theory (1, 2)
and health transition (18, 19) — we propose a multilevel
eco-epidemiological life course framework for the health,

disease and mortality cross-continuum for deepening
understandings of the demographic and epidemiological
changes and multilevel responses of the health care
system to them, in the global health context. The
framework is depicted in Fig. 1.

This framework links together the mechanisms and
processes through which individual micro-level decisions
and behaviors, household and family meso-level char-
acteristics, and context-dependent macro-level environ-
ments that influence health and longevity aggregate to
macro-level demographic and epidemiological profiles,
trends and differentials in fertility, mortality, migration,
burden of disease and population health patterns in
human populations. Such a framework is designed to
help construct a precise understanding of these mechan-
isms for the formulation of research design, planning of
interventions and development of health policies which
will contribute to the development of healthy societies
and promote global health.

Among the many implications of population and
health research within a cross-continuum perspective
is the potential to improve understanding on how people
during their life course stay healthily free of diseases,
illness or sickness as well as how long people live over
time and space as population ages.
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populations.
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All indications are that the Millennium Development
Goals designed by the United Nations to improve the
health of the world’s poorest will not be met by 2015 (84),
most likely not even by the end of this century in most
African countries if current trends continue (85).

In a global context of progresses in human longevity
and life expectancy, changes in morbidity and disability
trends and secular falls in mortality are expected. The
idea that populations’ health and disease profiles just as
individuals’ health and disease patterns change over time
because common diseases have their roots in changes in
geography, socioeconomic contexts, social norms, culture,
socioeconomic, institutional settings, medical contexts,
lifestyle factors, and multifaceted environments of human
life, makes sense in preventive medicine (86, 87) and is
supported by the new public health (88).

Cross-continuum of health, illness, sickness, disease,
and death
Given the multiple dimensions of health (3) and the
need for improving the accurate of measuring, report-
ing, and interpreting the health state of individuals and
populations (86, 87), we propose a framework which
articulates the nested structure of influential factors of
individual health or population health across the health
continuum. This health, disease and mortality cross-
continuum framework embodies the continuously varying
multilevel eco-epidemiological contexts of exposure to
and occurrence of illnesses, sicknesses, diseases, and
deaths of individuals nested in local or national popula-
tions. The time dimension is factored throughout the
framework within the life course perspective (70—82).
The notion of continuum has been incorporated in
many dimensions of population health and health care.
For instance, the continuum of care is a concept involv-
ing an integrated system of care that guides and tracks
patient over time through a comprehensive array of
health services spanning all levels of intensity of care
(77). The definition of the health/disease boundary being
inevitably arbitrary (89), there needs to be measures
for illness, sickness, disease along a continuum from con-
ception to death in specific contexts, so as to capture
the epidemiological profiles of populations. Progress
toward preventing premature deaths across the lifespan
and alleviating the burden of disease on populations of
developing countries and those of sub-Saharan Africa in
particular where such burden is greatest for preventable
diseases, requires a better grasp on what are the illnesses,
sicknesses, diseases and causes of death encountered
by individuals in these populations. This is of paramount
importance in many developing countries where culture
and perceptions still play a major role in reporting and
documenting diseases, disabilities and deaths, so that the
burden of disease tends to be heavily underestimated by
standard measures of health and disability.

Cross-continuum of health, disease and mortality

The complexities of what constitutes a disease cannot
be underestimated and discussing this requires careful
distinction among related, but distinct concepts of illness,
sickness, disease and death, on the birth-to-death con-
tinuum during the life course across space and time (90).
The dictionary of epidemiology (91) defines them follow-
ing Susser (90) who proposed some useful definitions of
these concepts: disease is a physiological or psychological
dysfunction; illness is a subjective state of the person who
feels aware of not being well; sickness is a state of social
dysfunction or a role that the individual assumes when ill.
Disease progression is often taken to be reflected in the
accumulation and severity of symptoms.

From these definitions, illness refers to the subjective
sense of feeling unwell; illness does not define a specific
pathology, but refers to a person’s subjective experience
of it, such as discomfort, tiredness, or general malaise
(92). Cultural background influences the way a patient
reports symptoms. Susser applied the term sickness to
refer to socially and culturally held conceptions of health
conditions (e.g. the dread of cancer, the stigma of mental
illness, misconceptions about HIV/AIDS), which in
turn influence how the patient relates to his or her health
status and to the health care system. The social percep-
tions of a disease may affect the extent to which a
condition is concealed, may modify the ways a patient
perceives his symptoms, and may affect the likelihood
of seeking care irrespective of its affordability in the
traditional or modern health care systems. Cultural
norms and practices likewise complicate the drawing
of the boundary between disease and non-disease, since
disease implies a focus on pathological processes that
may or may not produce symptoms and that result in
a patient’s illness (92). In the ‘biomedical model’ of
disease which focuses on pathological processes and on
understanding, diagnosing, and treating the physical
and biological aspects of disease, there is a great potential
of attribution error and misspecification of disease based
on the patient’s symptoms. Moreover, there have been
changes over time in cut-points for what is a normal
value or ‘normal’ when measuring health of people to
determine individuals who have a disease and those who
do not have a disease. For instance, the cut-points for
defining hypertension have changed over time. Prehyper-
tension, a classification for cases where a person’s blood
pressure is elevated above normal but not to the level
considered to be hypertension (high blood pressure) was
redefined in 2003 to be blood pressure readings with
a systolic pressure from 120 to 139 mm Hg or a diastolic
pressure from 80 to 89 mm Hg. This implied revisions of
past trends in prevalence of hypertension and increased
the incidence and prevalence of hypertension and the
associated treatment costs to individuals and the health
care system, as most people eventually become hyperten-
sive as they age. It is estimated that more than half of
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people over age 60 and approximately three-quarters
of people over age 70 have hypertension. Since most
biological measurements of risk factors of non-commu-
nicable diseases produce a continuous range of values
(e.g. blood pressure, body mass index), a cut-point on
each of these scales has to be chosen to divide the
‘normal’ from the ‘abnormal’ results among a range
of findings, which vary from definitely abnormal to
definitely normal. Nutritionally, abnormality occurs at
both ends of a continuum as being underweight and
being overweight are both unhealthy.

The complexity of the relationship between health
and illness has inspired important discussions of the
nature of medicine and disease (92, 93). The World
Health Organization provides a commonly used defini-
tion of health: ‘the state of complete physical, mental,
and social well-being and not merely the absence of
disease’ (94). This definition emphasizes the importance
of physical, mental, and social health, suggesting that
a breakdown or shift in any of these components may
result in poor health but not necessarily disease. It
encourages researchers to move away from simply
equating health with the absence of clinical disease.
This definition also allows health to be culturally defined
and experienced by individuals within their cultural
systems (95). In other words, illness categories and
conditions resulting in poor health may vary between
populations. The processes of demographic and epide-
miological changes and their responses are also contin-
uous through time, reflexive because a change in one
component is eventually altered by the change it has
induced in other components of these processes, and
behavioral since these process involve human decisions in
the pursuit of goals of living a long and healthy life
as a fundamental aspect of human development, with
varying means and conditions over time and space. The
set of illnesses suffered by individuals and populations
at a particular time and the process from individual good
health to death or from population good health to
mortality, are never the same at the next time while
continuously connected. Abrupt changes may be more
easily perceived than those that take place more slowly
over a longer period of time, and these processes are
essentially in a continuous state of flux. As a result, the
subject has a frightening complexity and intricacies in
developed and developing countries alike. In the former,
despite massive and often accurate historical and con-
temporary data on these processes, a number of theore-
tical and substantive questions remain a matter of debate
(51-59). In the latter, the lack of accurate data and
studies has been a deterrent to attempting a good picture
of the changing contexts of these processes, especially in
the African context. The expectation that various devel-
oping countries including African countries go through
stages and transitions in population structure and health

shaped by changes in fertility and mortality by cause of
death as they progress toward fuller industrialization as it
was documented in now-developed countries of Europe
and North America, has not been materialized in many
African countries and regions over the last 60 years where
infectious diseases remain the predominant causes of
illness and death (61, 62, 6).

Distal, intermediate, proximal, and outcome
variables

In the first half of the 20th century, scientific conceptions
of causation underwent radical change (66), which has
continued to date (67-76). In physics, the development of
quantum mechanics led to an acceptance of indetermin-
ism and a rejection of classical concepts of cause and
effect; in biology, biostatistics, and the social sciences,
there was increasing acknowledgement of the complexity
of natural phenomena and the need for a broader concept
of causation, which saw causes as multifactorial rather
than as a single agent or event. There was also greater
acknowledgement of the limitations of scientific mea-
surement and the need to deal with uncertainty about
causal mechanisms. Similarly, multilevel and multifactor-
ial causes are involved in the production of health and
diseases, and the idea of promoting better health involves
tracking the courses of specific diseases. We argue that
the continuing rise of chronic infectious diseases and
non-communicable diseases usually occurs in a context of
uninterrupted interactions between and among commu-
nicable and non-communicable diseases across the life
course of individuals and communities in developing
countries. A multilevel eco-epidemiological model within
a life course perspective that captures the health and
disease cross-continuum model is better suited for health
research in environments typical of those of the vast
majority of LMICs.

This perspective recognizes multiple and interrelated
levels of causation, offering the possibility for models
that are more integrated rather than fragmented. The
implication of this framework for research and practice
designed for health improvements has three pillars. The
first is the life course perspective which requires thinking
in terms of changes in causal pathways across the life
span when considering health and disease patterns in
human populations. Second, the causal models on which
to rely must allow for multiple levels of determinants
acting in complex and interrelated ways, often synergis-
tically or with feedback loops or reciprocal lines of
causality, given the interactions among diseases. Further-
more, we consider that higher-level determinants may
have emergent properties above and beyond the aggregate
of their constituent parts. Finally, when considering the
multiple levels of this life course eco-epidemiological
model, we rely on the understanding that disease occurs
in individuals, but interventions can occur at any level,
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including individual-level, family-level, community-level,
resulting in healthy people in healthy communities.

This perspective sees the whole range of determi-
nants as integral to individual, family, community and
national health and well-being. Such life course eco-
epidemiological model, akin to the modern ecological
model of public health practice, stresses the multiple
dimensions that constitute our lives, relationships, and
environments, hence contributing to wellness or disease,
disability and death along the health, disease and mor-
tality cross-continuum in human populations.

Distal and macro-contextual variables (multilevel 4).
A distal factor is a factor distant in time to the event-
outcome. Distal-level variables include stable disposi-
tional variables and environments that predate the
intermediate and the (immediate) proximal contexts.
It has been shown that environmental processes influen-
cing the propensity to disease in adulthood operate
during the preconceptional, conceptional/fetal, infant
phases of life, and throughout the life course. Distal
variables include the various environments which protect
from or expose to various health-related outcomes: 1)
preconceptional, conceptional, and multigenerational
environments (80, 81, 96-99); 2) institutional environ-
ment and capacity of the collectivity (100, 101); 3)
demographic environment and pathology of the environ-
ment (86, 87, 102); 4) cultural, social, and economic
environments (86, 87); 5) physical and climatic environ-
ments (102); 6) historical and geopolitical environments
(6); and 7) health systems and technology (103, 104).
The idea that social conditions are root causes of disease
and health of populations originated from McKeown
(105, 106) over half a century ago, and the World Health
Organization followed suit only recently by creating a
Commission on Social Determinants of Health (107).
McKeown’s thesis states that the enormous increase in
population and dramatic improvements in health that
humans have experienced over the past two centuries
owe more to changes in broad economic and social
conditions than to specific medical advances or public
health initiatives.

Intermediate variables (multilevel 3). An intermediate
variable in a causal pathway is a variable that causes
variation in the response variable and is itself caused to
vary by the distal variables (108). Intermediate variables
include: 1) nutrition and standards of living (109); 2)
lifestyle and behaviors (102); and 3) medical technology
and health knowledge (102—104).

The proximal-level variables (multilevel 2). They in-
clude the immediate settings, contexts, or conditions
prevailing prior to the occurrence of the outcome of
interest. A proximal factor is a factor close in time to the
event or onset of the behavior of interest as outcome
variable. Proximate variables include: 1) frailty, biology,
and early life health-related conditions (104, 110, 111); 2)

Cross-continuum of health, disease and mortality

general health status and functional health (102, 111); 3)
physical health status and nutritional status (102, 109);
and 4) psychosocial and mental health status (112).

The response variables (multilevel 1). They may include
both individual-based measures (illness, sickness, disease,
injury, and death) as well as measures of population health
and burden of disease.

The intermediate variables are determined by the
groups of distal factors, including the demographic
environment (e.g. population density, urbanization,
rural-urban migration, population composition, popu-
lation structure by age and sex); the capacity of the
collectivity (e.g. agricultural and food security); the
cultural and social environments (e.g. ethnicity, means
of communication such as telephone and cellular phones,
norms and practices that have bearing on health and
survival in the life course); the economic environment
(e.g. per capita gross domestic product, consumer price
index, national macroeconomic and microeconomic foun-
dations, fiscal policies); the physical and public health
environments (e.g. improved measures of hygiene, sani-
tation, water access, preservation of the environment);
and the health system and technology (e.g. health services,
infrastructure and equipment, skilled personnel and
quality of care).

Changes in intermediate variables (nutrition and
standards of living, lifestyles and behaviors, medical
technology and health knowledge including access to
and quality of health services) are mostly responsible for
the improvements in survival and longevity in contem-
porary societies just as they accounted for most of the
reductions of mortality and increases in life expectancy
in developed countries. The technological advances in
prevention and treatment of communicable, maternal,
perinatal, and nutritional conditions responsible for the
majority of deaths have significantly impacted the role
of these factors in mortality declines and health improve-
ments over time.

Nonlinearity in the epidemiology of complex health
and disease processes
Nonlinearity in the epidemiology of complex health
and disease processes is well documented (113). Around
the world, it is not infrequent to see during a visit at
a health clinic that many patients will come with multiple
conditions, both infectious and chronic or communica-
ble and non-communicable. So, the concept of the cross-
continuum of health, disease, and mortality proposed
here is both conceptually and empirically appealing.
This cross-continuum is chronologically spanning the
period from the beginning to the end (for human life) or
for a societal health burden (since there is always in a
society some degree of health problems, being commu-
nicable, non-communicable, or injuries) and with prob-
ability varying from 0 to 1. Therefore, it is possible to
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develop standardized indicators along the health, disease,
and mortality cross-continuum for each society so that
they can allow international comparisons. Indeed, var-
ious health states are the outcomes ranging from
complete absence of ill-health to demise as part of the
continuum of health burden (from 0 to 1 on the prob-
ability scale) and result from multilevel determinants
and consequences at the micro, meso, and macro levels
of each society.

The discontinuity in health states is an empirical
matter rather than a conceptual or theoretical issue. In
particular, any measure of health state is at least in part
a reflection of social, cultural, bio-behavioral, economic,
physical, and medical influences within the broad con-
text of risk, protective and resilience factors forming a
continuum of multilevel states and renewal processes
in the nonlinear and dynamic epidemiology of population
change.

Data needs to meet the challenges of,
and health sector responses to, the cross-
continuum of health, disease, and mortality

The proposed framework provides a methodological
foundation for designing data collection and conduct-
ing analysis of experiments and quasi-experiments as
well as probabilistic samples for capturing the changi-
ng demographic and epidemiological profiles of national
populations and responses from the health sector to
these changes. This framework is multidisciplinary and
cut across panoply of theories in fields including econom-
ics, environment, climatology, physical and environment
sciences, social and biomedical sciences; it is trans-
theoretical. It also embraces the life course perspective
given the fact that for most chronic conditions and dis-
eases, their development until they reached the disease
state proceeds over years or decades. It is also increasingly
established the influences of early life conditions on
later life health and survival, along this cross-continuum
framework.

The variability in the availability and quality of data
on mortality statistics, health and aging and cause of
death, and the use of different frameworks for conducting
research have invariably produced inconsistent and even
contradictory perspectives on change and thus on the
implications of health assessments for health policy.

There are growing numbers of datasets spanning multi-
ple time periods in LMICs, and researchers are beginning
to face the challenges of how to incorporate this long-
itudinal dimension into their studies in order to capture
any significant change over time. Implementing simul-
taneously comparative and longitudinal models to such
repeated cross-sectional data should provide insightful
understanding on the spatial effects that operate at
different levels to influence health outcomes and social
change. By using the proposed framework for assessing

demographic and epidemiological changes, it is possible
to collect, analyze and use comparable and high quality
data on communicable and non-communicable diseases,
accidents and other disabilities. Such endeavor will have
implications for the demand for health care, for the types
of new health care delivery systems and human resources
required for disease prevention and health promotion, and
for their costs. Available evidence indicates that Africa in
general and sub-Saharan Africa in particular constitutes
the poorest and least developed regions in the world with
the heaviest burden of disease irrespective of indicators
used.

Recent patterns and trends of urban growth in devel-
oping countries indicate that over half of the world’s
total population now lives in urban settings. In many
developing countries, the contribution of natural growth
to the urban to rural growth differential is higher and
is seriously outstripping the capacity of most cities to
provide adequate services for their citizens and the
deteriorating living conditions of the urban poor. The
challenges of achieving sustainable urban development
will be particularly formidable in Africa. In the coming
decades, the world’s rapid urbanization will be one of
the greatest challenges to ensuring human welfare and
a viable global environment. According to current esti-
mates, cities occupy 4% or less of the world’s terrestrial
surface, yet they are home to almost half the global
population, consume close to three-quarters of the
world’s natural resources, and generate three-quarters
of its pollution and wastes (114). New data collection
efforts within the framework proposed here should be
designed so as to make progress at understanding the role
of migration in population health patterns. Such progress
which has been hampered by serious methodological
issues, paramount among which are: the lagged effects
of migration on health, disease, and mortality patterns
and differentials between rural and urban settings; the
interactions between demographic and epidemiological
responses, including interactions of migration patterns
with concurrent changes in the demographic and epide-
miological profiles of populations; and the effects of
political shocks and social crises which are historically
adamant in most African countries and hamper health
development by perpetuating vulnerabilities in popula-
tions and insubstantialities of institutions.

With the availability of most standard software suites
(e.g. SPSS, SAS, and R), estimation of complex models
using this framework is now possible in most research
environments globally.

Conclusions

The epidemiological transition has been useful in laying
out an overarching perspective on changing demographic
and diseases patterns in developed countries at least
through the 1950s. Its various criticisms suggest that it is
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relevant as a way of describing and understanding to
some extent the relation among disease and mortality
patterns in the course of population change in Western
societies until the 1950s, rather than as a universal des-
cription or prediction regarding population health pat-
terns enlightening to the formulation of health policies
in contemporary societies or in developing countries. The
historical and contemporary demography and epidemiol-
ogy of these countries are quite distinct from historical
experiences of the Western societies. Moreover, they are
faced with enormous and unprecedented disease burdens
in tandem with ill-equipped, poorly funded and often
dysfunctional health care system in social contexts where
the family largely remains the sole source of social
security and health insurance for the majority of people
faced with disease and risks of premature death.

In his Inaugural Address on the 20th of January 1949,
US President Harry S. Truman noted: ‘... More than half
the people of the world are living in conditions approach-
ing misery. Their food is inadequate. They are victims
of disease. Their economic life is primitive and stagnant.
Their poverty is a handicap and a threat both to them
and to more prosperous areas. For the first time in
history, humanity possesses the knowledge and skill to
relieve the suffering of these people’. Over 60 years since
this Address, few people will question the maxim that
humanity has failed the vast majority of populations
in Asia, Latin America and Africa. Why are poverty,
malnutrition, disease and suffering, which are all avoid-
able given the proven interventions and measures which
have created healthy environments for living, still ram-
pant in so many societies of the developing world? The
11 articles in this Special Issue coupled with the editorial,
have clarified important aspects of the answer to this
question posed to the conscience of humanity and there
are specific proposals for action made in each article:
equipped with this new knowledge and the proposed
framework in global health, the words of President
Truman should not continue to largely fall on deaf ears
of the international community.
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PART I
Demographic, epidemiological, and health transitions:
are they relevant to population health patterns in Africa?

Barthélémy Kuate Defo*

Public Health Research Institute and Department of Demography, University of Montreal, Montreal,
Quebec, Canada

Background: Studies of trends in population changes and epidemiological profiles in the developing world
have overwhelmingly relied upon the concepts of demographic, epidemiological, and health transitions, even
though their usefulness in describing and understanding population and health trends in developing countries
has been repeatedly called into question. The issue is particularly relevant for the study of population health
patterns in Africa and sub-Saharan Africa, as the history and experience there differs substantially from that
of Western Europe and North America, for which these concepts were originally developed.

Objective: The aim of this study is two-fold: to review and clarify any distinction between the concepts of
demographic transition, epidemiological transition and health transition and to identify summary indicators
of population health to test how well these concepts apply in Africa.

Results: Notwithstanding the characteristically diverse African context, Africa is a continent of uncertainties
and emergencies where discontinuities and interruptions of health, disease, and mortality trends reflect the
enduring fragility and instability of countries and the vulnerabilities of individuals and populations in the
continent. Africa as a whole remains the furthest behind the world’s regions in terms of health improvements
and longevity, as do its sub-Saharan African regions and societies specifically. This study documents: 1)
theoretically and empirically the similarities and differences between the demographic transition, epidemio-
logical transition, and health transition; 2) simple summary indicators that can be used to evaluate their
descriptive and predictive features; 3) marked disparities in the onset and pace of variations and divergent
trends in health, disease, and mortality patterns as well as fertility and life expectancy trajectories among
African countries and regions over the past 60 years; 4) the rapid decline in infant mortality and gains in life
expectancy from the 1950s through the 1990s in a context of preponderant communicable diseases in all
African countries; 5) the salient role of adult mortality, mostly ascribed to HIV/AIDS and co-morbidities,
since the 1990s in reversing trends in mortality decline, its interruption of life expectancy improvements, and
its reversal of gender differences in life expectancies disadvantaging women in several countries with the
highest prevalence of HIV/AIDS; 6) the huge impact of wars in reversing the trends in under-five mortality
decline in sub-Saharan countries in the 1990s and beyond. These assessments of these transition frameworks
and these phenomena were not well documented to date for all five regions and 57 countries of Africa.
Conclusion: Prevailing frameworks of demographic, epidemiological, and health transitions as descriptive and
predictive models are incomplete or irrelevant for charting the population and health experiences and
prospects of national populations in the African context.
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ver the past six decades, life expectancy for the expectancy at birth in the most developed regions was
world’s population increased from 47 years in 1950— 77 years, while it was 4 years shorter in Latin America and
1955 to 69 years in 2005-2010. By 2005-2010, life the Caribbean (73 years), 7 years shorter in Asia (70 years),

Global Health Action 2014. © 2014 Barthélémy Kuate Defo. This is an Open Access article distributed under the terms of the Creative Commons CC-BY 4.0 17
License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix,
transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.

Citation: Glob Health Action 2014, 7: 22443 - http://dx.doi.org/10.3402/gha.v7.22443


http://www.globalhealthaction.net/index.php/gha/issue/view/1602#Special%20Issue:%20Epidemiological%20Transitions%20-%20Beyond%20Omran's%20Theory
http://www.globalhealthaction.net/index.php/gha/issue/view/1602#Special%20Issue:%20Epidemiological%20Transitions%20-%20Beyond%20Omran's%20Theory
http://www.globalhealthaction.net/index.php/gha/issue/view/1602#Special%20Issue:%20Epidemiological%20Transitions%20-%20Beyond%20Omran's%20Theory
http://www.globalhealthaction.net/index.php/gha/issue/view/1602#Special%20Issue:%20Epidemiological%20Transitions%20-%20Beyond%20Omran's%20Theory
http://www.globalhealthaction.net/index.php/gha/issue/view/1602#Special%20Issue:%20Epidemiological%20Transitions%20-%20Beyond%20Omran's%20Theory
http://www.globalhealthaction.net/index.php/gha/issue/view/1602#Special%20Issue:%20Epidemiological%20Transitions%20-%20Beyond%20Omran's%20Theory
http://www.globalhealthaction.net/index.php/gha/issue/view/1602#Special%20Issue:%20Epidemiological%20Transitions%20-%20Beyond%20Omran's%20Theory
http://www.globalhealthaction.net/index.php/gha/issue/view/1602#Special%20Issue:%20Epidemiological%20Transitions%20-%20Beyond%20Omran's%20Theory
http://www.globalhealthaction.net/index.php/gha/article/view/22443
http://dx.doi.org/10.3402/gha.v7.22443

Barthélémy Kuate Defo

21 years shorter in Africa (56 years), and nearly 24 years
shorter in sub-Saharan Africa (SSA) (53 years). These
disparities are indicative of differences in the demographic
and epidemiological changes that have taken place in
various regions around the world. The increases in long-
evity have been accompanied by a historic shift in the
cause-specific mortality risks in human populations, and
researchers have developed a number of theoretical frame-
works to describe and explain these patterns, including the
demographic transition (1), the epidemiological transition
(2-11) and the health transition (12-22). Over the past
three decades or so, these frameworks have been used
extensively by researchers from different disciplinary
perspectives to study and compare the population and
health experiences of various countries. These frameworks
have been applied in studies of mortality, morbidity, health
and development, population development, and health
development in developed countries, in rapidly changing
middle-income countries, and, to a lesser extent, in low-
income countries (23—48).

For the vast majority of the past 140,000 years of
human existence, birth and death rates were at very high
levels — around 30-50 per 1,000 people. The transition to
low birth and death rates was termed the ‘demographic
transition’ by Notestein (1). This formulation offered a
framework for describing and understanding population
change, and during the 1960s through the 1980s it led to
intense debates on the reasons for population growth and
the means of population control (22, 45). The mortality
component of this transition was first elaborated by
Omran (2-11), who used the concept of the ‘epidemio-
logical transition’ to describe and explain transforma-
tions in the patterns of disease occurrence and causes of
death. By the 1990s, Omran’s concept, which he had
updated and elaborated over the years (2, 10, 11) had
become a classic citation in demography, epidemiology,
and public health, and it remains the most cited paper
in population health (46). About that same time other
authors had developed the concept of ‘health transition’
as either a revision or an extension of Omran’s theory
(12, 13, 29, 48) or as a new and distinct concept (19, 43, 49).

The extent to which these existing concepts provide an
adequate framework for describing and understanding
population health trends in developing in general and
especially in Africa is unsettled (23, 28—45, 48-53),
particularly in light of three types of health problems
facing that continent: 1) the HIV/AIDS epidemic, along
with re-emerging infectious diseases such as tuberculosis;
2) the widespread presence of illnesses caused by common
infectious diseases (notably malaria and childhood dis-
eases) and malnutrition; and 3) the emerging epidemic of
chronic diseases, accidents, and mental disorders. This
study is a systematic review and critical assessment of the
relevance of these frameworks for describing and under-
standing health, disease, and mortality patterns in Africa

over the past 60 years, which is a sufficiently long period
for gauging changes within the historical demography and
epidemiology of Africa.

Hypotheses developed to explain the health, disease,
and mortality processes as they occurred in the last three
centuries in Western Europe and North America have
been tested in other developed countries as well as in
some middle- and low-income developing countries since
the 20th century. However, Africa’s historical epidemiol-
ogy and demography have posed a challenge to research-
ers and policymakers because of the scarcity of data and
evidence-based written sources in large parts of the
continent in general and in SSA in particular (31, 33,
39-41, 54-61). Health, disease and mortality processes
have been taking place in African countries under various
political, cultural, social, economic, demographic, struc-
tural transformations and institutional environments
over the past 60 years and beyond.

The purpose of this study is two-fold. First, it reviews
and clarifies any distinction between the concepts of
demographic transition, epidemiological transition and
health transition. When it comes to semantics in global
health research, these concepts are often used synony-
mously in various contexts and from different discip-
linary perspectives, without due caution to similarities
and differences between them regarding their contours,
their descriptive and explanatory dimensions, and their
prognostic implications. Second, it identifies summary
indicators of population health to test how well these
concepts apply in Africa. There is no critical appraisal of
these concepts in the context of all African regions and
countries. As we will see, the relevant evidence points to
the need for a new and different perspective for popu-
lation and health changes in the African context. There
are many examples between and within countries and
over time where these transition frameworks obviously
do not apply (62—-70). Instead, the evidence indicates that
the social, economic, political, cultural, and demographic
contexts relate to the health, disease, and mortality
patterns in Africa in ways that are quite different from
the understanding derived from these perspectives.

Study methodology

Review on the demographic transition,
epidemiological transition, and health transitions
For the review of the extant literature on the demographic
transition, epidemiological transition, and health transi-
tions, we searched OAJSE, Scopus, ScienceDirect, Scirus,
PubMed, Google Scholar, SciCentral, MUSE, POPLINE,
World Bank, World Health Organization (WHO), United
Nations databases and publications for reviews and
ascertained relevant publications from these and other
sources, using subject headings or key words related to
demographic transition; epidemiological transition; health
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transition; population change; population development;
population health; health demography; public health in
Africa; epidemiology in Africa; African demography;
health, disease and mortality in Africa; cause of death in
Africa; infectious disease; chronic disease; communicable
disease; noncommunicable disease; SSA; Africa. Web
pages of organizations active in areas relevant to this study,
such as WHO, United Nations, UNICEF, FAO, and
regional offices of organizations based in Africa working
on or around health, disease and mortality in Africa, were
also screened for further pertinent publications. Relevant
materials from these searches are used in this study.

Empirical data and methods of analysis

Data sources

For quantitative evidence spanning the last 60 years and
involving all five regions and 57 countries forming Africa,
data from the online latest estimates in the databases
from the United Nations are used for assessing the levels,
trends, and patterns in demographic changes as well as
mortality statistics and characteristics in Africa from
1950 to 2010. We use the WHO mortality estimates by
cause, age, and sex for the year 2008. WHO uses numer-
ous data sources and epidemiological models to estimate
the worldwide cause-of-death patterns. Such databases
allow us to uncover patterns of demographic and epide-
miological structures and processes and hypothesize their
causal mechanisms and potential consequences on the
health and disease patterns in Africa. National deviations
from international patterns or those expected from theore-
tical perspectives will further enlighten our demographic
and epidemiological understandings of the African epide-
miological landscape and should pinpoint the specificities
and similarities among and within countries given the
social and cultural complexities of individual African
countries. These databases provide a series of comparable
national estimates from all African countries, and the
completeness of their documentation reduces the risk
of misuse. The reliability of these estimates for SSA in
particular has been questioned (71). But they represent
the best data available for all African countries since
1950. Although no sub-Saharan African country pos-
sesses reliable registration systems, model-based existing
estimates of mortality statistics and characteristics for
Africa indicate that SSA has the highest burden of
disease in the world (64, 66, 72—74).

Methods of analysis

For each summary indicator selected for analysis, we will
use a simple statistical approach for assessing changes
over time. Let & be the average yearly rate of change in
indicators of interest between two consecutive years. Let
L be the proportion of events for a given year i. We have:
Wi+ 1 =U; (1 4+ 3). To assess changes over time involving k
(k=1, ... n) time-dependent indicators, the equation is:
o =Ho (14 8)", yielding & =[(uy /1o)"™ - 1]. From this

Transition frameworks and population health patterns in Africa

equation, the average yearly rate of change from say 1950
to 2010 is: paoro =pioso (14 8)°°. The yearly rate of
decline needed to reach the targeted indicator level
between 1950 and 2010, according to expectations from
demographic, epidemiological and health transitions is
readily available. For instance, the MDG#4 is to reduce
under-five mortality (USMR) by two-thirds between 1990
and 2015; thus, the targeted USMR for 2015 is pyg15 =
Hi99o/3. The MDGS is to reduce by three-quarters, be-
tween 1990 and 2015, the maternal mortality ratio (MMR);
hence, the targeted MMR for 2015 is pog15 = Hi990/4. The
yearly rate of decline needed to reach the targeted USMR
rates (respectively MMRs) from 2008 to 2015 set by
MDG#4 (respectively MDGS5) is & =[(a015 /ta00s)”” - 1].
The waiting times w from 2008, to reach the USMR
(respectively MMR) from 2008 to 2015 set by MDG4
(respectively MDGS), assuming the average yearly rate of
change above is w =[log(l015 /Ha0os)]/1og(1 + d).

Perspectives of the demographic,
epidemiological, and health transitions

The general approach to a transition framework is the
characterization and explanation of a set of long-run irre-
versible changes of substantial social, ecological, cultural,
political, behavioral or health significance with enduring
global generalization, which are experienced as a society
is transformed from one state or structure to another. The
concept of transition has been used to describe dyna-
mics involved in human history. It has been approached
from different disciplinary perspectives. The transition
concept was first proposed by demographers to describe
the differing patterns of the components of population
dynamics between and within countries with varying levels
of socioeconomic transformation in the course of popula-
tion development. Subsequently, the concept of transition
has been used to describe historical trends in demographic,
epidemiological and nutritional changes in human popu-
lations in the context of economic, sociocultural and
political changes. It has been conventional wisdom in all
earlier formulations to use three phases for the demographic
transition (1, 75, 76), the epidemiological transition (2, 10,
11), the nutrition transition (77-81) and the health transition
(12-21). These perspectives are often used synonymously,
and it is warranted to clarify any distinction between them, in
order to assess their relevance to concurrent changes and
their implied health and disease patterns.

Demographic transition

Definition

Demographic thinking in transition terms essentially be-
gan as early as 1929. It started as a description of demo-
graphic changes using a classification of populations
into three groups according to different combinations of
mortality and fertility levels resulting in three groups of
countries with different population growth rates (75).
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Independently, Landry (76) described the demographic
revolution characterized by three demographic regimes:
primitive regime associated with subsistence economies
constraining mortality reduction, intermediate regime
with fertility decline due to late marriage and celibacy,
and modern regime where fertility is an object of cons-
cious limitation. The classic formulation of the demo-
graphic transition is ascribed to Frank W. Notestein (1). A
fundamental concept in modern demography, the demo-
graphic transition is the intermingling description with
explanation of the decline from high to low rates of
mortality and fertility as historically experienced by popu-
lations in high-income societies of Europe, North America
and Australia, and conjectured to be a universal principle
expected to occur nowadays in populations of middle-
and low-income countries. As a descriptive concept, the
demographic transition is the characterization of the long-
run situation of population change in three transitional
regimes: a pre-transition regime with a quasi-equilibrium
of high and fluctuating mortality and high fertility allow-
ing a modest population growth or decline; a transition
regime characterized by a transitory disequilibrium of
declining mortality followed by declining fertility trigger-
ing population growth; and a post-transition regime with
quasi-equilibrium of low mortality, low and conceivably
fluctuating fertility and declining population growth rate.
Rises followed by falls in the population growth rates
result in the inverted U-shaped demographic transition.
From an explanatory perspective, technological change
and industrialization as the modernization progress un-
folds and paves the way to the urban transition or the
progression from low to high urbanization rates, are viewed
as the crucible of demographic transition.

Description

The two key elements of the demographic transition are
the mortality transition and the fertility transition from
long-term quasi-equilibrium high levels to long-term
quasi-equilibrium low levels: during the transition pro-
cess, mortality is expected to decline first, followed by
fertility decline with a time lag of 50 or more years
between the mortality and fertility declines. The fertility
decline is viewed as an adjustment made necessary by the
decline in mortality in response to the forces of change.
The transition begins with sustained declines in mortality,
especially infant and child mortality. It is predicted that all
societies will experience such a transitional or lag period
during which birth rates exceed death rates by a sub-
stantial margin that will trigger rapid population growth.
The underlying assumption of the demographic transition
is that a population would move from one long-term
quasi-equilibrium to another (1, 76, 82—-86). During the
pre-transitional stage (before 1800 in Europe), life ex-
pectancy at birth was less than 40 years with women
bearing on average five to eight births. During the

transitional stage (from 1800 to 1950 in Europe), life
expectancy at birth was between 40 and 65 years with
women bearing on average 2.6—4.9 births. In Europe where
fertility decline followed mortality decline, the rate of
natural increase (birth rates minus death rates) during the
transitional period from 1800 to 1950 ranged between 0.5
and 1% per year. During the post-transitional stage (after
the 1950s in Europe), life expectancy at birth exceeded 65
years with women bearing on average 2.5 or fewer births.

Explanation

There are two chief driving forces of the demographic
transition. On the one hand, mortality decline is viewed
as initiating the transition process and is generally con-
sidered as the most influential factor of fertility decline.
Modern mortality decline was unprecedented in human
history. This decline has been explained by the reduction
of epidemics through vaccination and better hygiene,
improved diagnosis and treatment of disease, reduction
of famines, fewer deaths from violence and civil wars,
reductions in infant and child mortality, and improved
standards of living. On the other hand, the demographic
transition amounts to the dual transition of mortality
and fertility in response to forces of change including
urbanization, economic development and cultural change,
individualism, secularism, self-fulfillment, and changes in
attitudes about and values related to family life. Certain
cultural changes such as an increase in the value placed
on investment in child human capital, may trigger both
mortality and fertility declines, given the growing evi-
dence pointing to the influential role of conditions in early
childhood in determining adult health and human capital.

Epidemiological transition

Definition

The epidemiological transition refers to the long-run shift
in mortality and cause-of-death patterns inherent in the
secular mortality decline from high to low levels embedded
in a series of concurrent changes in population health.
The concept was coined in the mid-1960s and published in
1971 in its first formulation by Abdel R. Omran (2). It pro-
vides an accurate characterization of the mortality transi-
tion from about 1750 through the 1950s ascribed mainly to
the decline of infectious diseases, as experienced in Europe
and North America. Omran’s concept was initially influ-
enced by theories of social evolution published by Riesman
et al. (87) who divided social types into three historical
stages based on Notestein’s formulation of the demo-
graphic transition (1). By focusing on how concurrent
changes affect the health of individuals within a population,
a transition becomes a change in relationships between
people and disease that occurs in a given time and space.

Description
The epidemiological transition is a descriptive and pre-
dictive model of change in health and disease patterns in
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human populations. It is formulated in five propositions
embodied in: a three-stage three-model in its first for-
mulation (2), a three-stage four-model in the update of its
first formulation (10), and a five-stage six-model in its
ultimate formulation (11) by the time of Omran’s death in
1999.

The first proposition in all formulations of the epide-
miological transition, like the demographic transition
for which mortality decline and fertility decline are the
two key elements of population change (1), relates to the
relative role of mortality and fertility in the epidemiolo-
gical transition: mortality is a central force within the
complex dynamics of this transition, notably during its
early phases where fertility decline in Western populations
was gradual and occurred 50-75 years after mortality
declined (2, 10, 11).

The second proposition in its first formulation states
that ‘during the transition, a long-term shift occurs in
mortality and disease patterns whereby pandemics of
infection are gradually displaced by degenerative and
man-made diseases as the chief form of morbidity and
primary cause of death’ (2: 516). This second proposition
is unquestionably at the heart of Omran’s concept of the
epidemiological transition, and has served as the frame-
work of reference in most empirical studies and reviews.
In keeping with the stage-wise approach inherent in the
demographic transition, Omran’s ultimate formulation of
the epidemiological transition (11) entails five stages, in
response to critiques from several authors (12-21, 23-49,
88-91) who have proposed extensions of the epidemiolo-
gical transition stages, by proposing a fourth stage called
age of delayed degenerative diseases or hybristic stage
(88, 89) and a fifth stage (of emerging infectious diseases)
(90, 91). There is also some analogy here that can be made
with the literature on the demographic transition which
has recently suggested additional stages of the standard
demographic transition, the ‘second demographic transi-
tion’ (92) and the ‘third demographic transition’ (93).

Omran’s latest formulation of the second proposition
encompasses a set of distinct transitions: the changing
patterns of disease and health (he termed ‘health transi-
tion’), the changing fertility and population age structure
leading to ageing (he labeled ‘partially the demographic
transition’), the changing lifestyles (he called ‘the lifestyle
transition’), the changing health care patterns (he desig-
nated ‘the health care transition’), the medical and tech-
nological evolutions (he called ‘the technologic transition’),
and the environmental and ecological changes (he termed
‘the ecological transition’) (11). Omran’s earlier formula-
tions of the epidemiological transition (2, 10) posited
three evolutionary stages characteristically featuring all-
cause mortality patterns and fertility patterns in the
course of population change during the transition, and
presumed that all societies were to go through these
stages as did the now-developed countries of Western
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Europe and North America, just as conjectured in the
demographic transition (1). Omran’s ultimate formula-
tion is modified to contrast the five successive stages
in western societies with the three successive stages in
non-western societies (11). By drawing such distinction
between western and non-western societies, Omran has
attempted to address some of the various assessments of
the epidemiological transition since its inception (12-22,
43-50, 88-91). The distinction is based on mortality and
fertility patterns, cause of death structure, health care,
and socio-economic contexts. Mortality decline in non-
western countries did not occur until the middle decades
of the 20th century when the speed of such decline was
unprecedented in comparison to the previous experience
in the West. Mortality by cause of death in non-western
countries was projected to shift in predominance from
communicable diseases dropping from being responsible
for 42.1% of all deaths in the less developed regions in
1970 to 19.4% in 2015, while neoplasm and circulatory
disorders will rise from accounting for 21.6% of all deaths
in 1970 to 48.9% in 2015, in tandem with life expectancy
at birth which will rise from 57.5 to 68.5 years (11).
The first stage (age of pestilence and famine), is char-
acterized by high and fluctuating mortality rates, variable
life expectancy with low average life span of 20—40 years,
and periods of population growth that are not sustained.
The disease patterns that emerged are determined by
increasing microbial exposures, dietary deficiencies, ill-
nesses due to inadequate food storage, communicable and
endemic diseases over wide geographic regions and in-
creased mortality. In western societies and depending on
the country, it entails the period from the Stone Age
(or the extension of medieval or pre-industrial disease
patterns) to the late 18th or early 19th centuries and was
characterized by high and fluctuating mortality just as
fertility was high, leading to slow and cyclic population
growth. The average life expectancy at birth was short
and variably swinging between 20 and 30 years and life
expectancy for males was higher than or equal that of
males, infant mortality exceeded 200 deaths per 1,000 live
births, MMR was high (exceeding 1,000 per 100,000 live
births), and infectious diseases, malnutrition and mater-
nal complications claimed up to 75% of deaths while
heart diseases and cancer claimed 6% of deaths. In non-
western societies, the first stage is the longest length
spanning from the medieval times to the middle decades
of the 20th century: mortality is extremely high and
fluctuating with peaks during the years of epidemics,
famine, crop failures and wars, thus precluding sustained
population growth; infant mortality exceeds 200-250
deaths per 1,000 live births, MMR exceeds 1,000—1,200
deaths per 100,000 live births, and life expectancy is
short and oscillates between 20 and 35 years; disease
pattern features a distinct predominance of communicable,
maternal, perinatal and nutritional diseases; and fertility
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is extremely high (7-10 births per woman) and child-
bearing starts at a young age and runs through the entire
reproductive span.

The second stage (age of receding pandemics) is mar-
ked by a steeper decline in mortality as epidemics occur
less frequently, and an increase in average life expectancy
from around 40 to 55 years of age. This transition phase
is characterized by a shift in patterns of disease and
mortality from primarily infectious diseases to chronic
and degenerative diseases. This shift is supposed to be
accompanied by a shift in the population age distribution
as early infectious disease deaths decline and deaths from
chronic and degenerative disease increase. In western
societies, this stage covered the period from the mid-18th
century to approximately 1914. It saw the disappearance
of the major acute infections as causes of death. The
average life expectancy at birth increases steadily from
about 30 to 50 years while infant mortality declines
gradually to below 200 per 1,000 live births. Fertility
remains at high levels and the widening gap between birth
and death rates results in rapid population growth as well
as a young age structure. During the latter part of this
stage and usually after a time lag of 50 or more years
from the onset of mortality decline, fertility decline takes
place. In non-western societies, this second stage ended in
the 1960s through to the 1990s and its beginning was
delayed in some non-western countries until the 1940s
and 1950s, when the onset of mortality decline occurred
with the start of the recession of epidemics.

The third stage (age of degenerative, stress and man-
made diseases in western countries; or age of triple health
burden in non-western countries) features infectious
disease pandemics that are replaced as major causes of
death by degenerative diseases, with infectious agents as
the major contributor to morbidity and mortality over-
taken by anthropogenic causes. With declines in mortality
rates, average life expectancy increases to exceed 70 years,
fertility becomes more important to population growth,
and the anthropogenic and biologic determinants of
disease also change. In western societies, it ran from the
second half of the 19th century to the late 1960s. This
stage is a manifestation of the increasing prevalence of
man-made diseases (e.g. radiation injury, occupational
and health care hazards, chemical and biological warfare,
environmental pollutants, motor vehicle and aviation
accidents, carcinogens in the environment and in industry
and food additives), stress-related diseases (e.g. depression
and other mental illness, violence and drug dependency)
as well as heart diseases, cerebrovascular accidents
(strokes), cancer at various sites, diabetes, chronic ob-
structive pulmonary disease and metabolic disorders.
These diseases have been progressively replacing infec-
tious diseases and gross malnutrition which continue to
be among the leading causes of morbidity and mortality
without being the top causes of death. Mortality continues

to decline and the average life expectancy at birth rises
gradually from about 50 to 75 years or more, triggering
population aging. It is during this stage that fertility
becomes a crucial factor in population growth. In non-
western societies, this third stage is termed the age of
triple health burden: 1) unfinished old health problems
including communicable diseases, perinatal and maternal
morbidity and mortality, malnutrition, poor sanitation,
rampant poverty, low literacy, overpopulation, limited
access to health care and clean water; 2) rising new set of
health problems including degenerative diseases (heart
diseases, stroke, cancer and metabolic disorders), stress
and depression, and man-made diseases as in western
countries; and 3) lagging or ill-prepared health systems
and medical training for the triple demands of quality
services consisting of dealing with acute diseases gener-
ally resulting in short-term care, initiating prevention and
care for chronic and non-communicable diseases (NCDs)
usually requiring long-term medical or rehabilitation
care, and handling problems of ageing. It started in the
1970s or later and its takeoff varies across countries given
its transition model. During this stage, fluctuations more
or less disappear and mortality continues to decline and
eventually approaches stability at a relatively low level.
The average life expectancy at birth rises gradually until it
exceeds 70 years.

Omran (11:107) did not consider additional stages of
the epidemiological transition for non-western countries,
arguing that ‘it is quite unlikely that these countries will
enter the fourth stage in a manner similar to the one
experienced by western countries’. Omran (11) noted
six distinctive features of non-western transition. First,
throughout the non-western countries, poverty, limited
education, low status of women and slow pace of devel-
opment have been major obstacles to well-timed and
successful takeoff. Second, the timing of transition is
crucial for the differentiation of the non-western transi-
tion. Third, since mortality decline was delayed until well
into the 20th century, it was forcibly influenced by the
availability of new health discoveries such as chemother-
apy, antibiotics, insecticides, food quality and sanitary
measures. Fourth, aging in non-western societies was
delayed, but increased at a relatively fast rate in the later
decades of the 20th century. Fifth, fertility decline in non-
western countries was harder to initiate and required
organized family planning campaigns to promote smaller
family size norms and rise the age at marriage. Finally, the
overlap of stages was much wider in the non-western
transitions which Omran (11) classified further into three
transition models.

The fourth stage is the age of declining cardiovascular
mortality, aging, lifestyles modification, emerging and resur-
gent diseases. This new stage draws on later contribu-
tions (88-91). It begins with a plateau in epidemiological
history where mortality reached at once equilibrium with
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a life expectancy at birth in the 1970s at a value which was
then believed to be close to the biological limit to the
average length of human life. Olshansky and Ault (88)
noted that a few years prior to Omran’s seminal publica-
tion (2), the United States and other Western countries
began to experience a rapid decline in cardiovascular
mortality which occurred around 1970 in many devel-
oped countries; they proposed this cardiovascular revolu-
tion as a fourth stage of the transition labeled ‘age of
delayed degenerative diseases’. Characteristically, the age
pattern of mortality by cause of death is unaltered from
the third stage to this fourth stage, but the age distribu-
tion of deaths from degenerative causes shifts progres-
sively to advanced ages with associated increases in the
size of the population at advanced ages and on the health
of the elderly especially the oldest old. There are further
increases in life expectancy approaching 80 to 85 years
or longer notably for women, increased disease chroni-
city, and aging accompanied by rising medical costs for
individuals and the state.

The fifth stage is the age of aspired quality of life,
equity, development and social justice for all. This stage is
a futuristic stage with paradoxical longevity, chronic
morbidity, disabling impairments, isolation and decline
in social status, loss of independence, new morbidity,
mounting medical, long-term care and nursing costs,
persistent inequities, inadequacies and disparities be-
tween people, communities and countries because of the
polarization of socioeconomic status within and between
countries. At this stage of the epidemiological transition,
much increased chronicity will be a common feature
of degenerative, stress and man-made diseases which will
be higher than the causes of morbidity, disability and
mortality. Omran (11) conjectured that tobacco will be
the most villainous disease risk factor in this stage.

Explanation
The following three propositions explain the differentials
in epidemiological transition.

The third proposition is that there are age and sex
differentials that come with the epidemiological transi-
tion. Regarding age differentials, the transition usually
favors the young over the old: the most significant impact
of the transition is the fall of infant and child mortality
and maternal mortality and the rise of mortality at
50 years or older (10). Childhood survival gradually
improved as pandemics receded in response to better
living standards, improved nutrition and sanitation and
modern public health measures in Europe. This was also
apparent for the United States between 1880 and 1970,
and for England, Wales and Chile (2, 10).

The fourth proposition is that the shifts in health and
disease patterns that characterized the epidemiolo-
gical transition prior to the 20th century have a closer
association with rising standards of living and improved
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nutrition than with medical progress. In contrast, the
20th century transitions prevailing in the less developed
countries are initiated by medical progress, organized
health care, and disease control programs that are usually
internationally assisted and financed, and thus largely
independent of the socioeconomic level of the country.
Further maturation of the transition, however, depends
on a beneficial synergy of health care progress and socio-
economic development. Likewise, the fertility transition
prior to the 20th century was largely determined by social
and economic progress in countries that were more or less
familiar with traditional methods of fertility control.
These methods, as well as rising age at first marriage,
were the major intermediate variables for fertility reduc-
tion. The more recent fertility decline in some developing
countries, on the other hand, has been dependent on
organized efforts of family planning in conjunction with
socio-economic development.

The fifth proposition is that distinctive variations in
the pattern, pace, determinants, and consequences of
health, survival and population changes differentiate
six transitional models of the epidemiological transition:
the classical or Western transitional model (e.g. Western
Europe, North America, Japan, and Australia), the semi-
western/accelerated model (e.g. Argentina, Paraguay), the
non-western rapid transition model (e.g. Chile, Costa
Rica, Cuba, Jamaica, Martinique), the non-western upper
intermediate transition model (e.g. Brazil, Mexico), the
non-western lower intermediate transition model (e.g.
Paraguay, Peru), and the non-western slow transition
model (e.g. Bolivia, Haiti, Nicaragua) (2, 10, 11).

The western transition model describes the transition
in western societies which have entered the fourth stage
of the transition during the past three centuries. It is
characterized by the shift of birth rates from 30 to 35 per
1,000 population to less than 15 per 1,000 population, the
shift of death rates from 30 to 35 per 1,000 population to
less than 10 per 1,000 population, the shift of short life
expectancy of 30-40 years to unprecedented long life
expectancy of 80-90 years and more. Mortality declined
gradually and was due primarily to social, economic and
environmental improvements, better nutrition and perso-
nal health habits. During the transition, pandemics and
major epidemics receded and were gradually but not
totally replaced by degenerative, stress-related and man-
made diseases; these changes in disease patterns were
associated with improvement in life expectancy notably
for children, young adults, and females of reproductive
age. Fertility decline in this Western model was also
gradual and occurred 50-75 years after mortality de-
clined, but this sequence of fertility decline following
mortality decline was not universal because in France and
some European parishes, fertility and mortality declines
almost coincided.
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The semi-western/accelerated model describes the ex-
perience in eastern Europe, the former USSR and Japan,
and in European populations living outside Europe,
North America or Australia at various historical epochs
(e.g. Europeans living in Argentina, Israel, South Africa).
In most of these countries, a slow process of moderniza-
tion had begun prior to the drop in mortality in the 20th
century, which was determined by general social improve-
ments as well as by sanitary and medical advances. Wide
use of abortion typically helped accelerate the fertility
transition, like in Japan (10). By and large, countries
in this model have not entered the fourth stage of the
epidemiological transition, many of these countries ex-
hibit a continuing rise in cardiovascular mortality, and
some members of the former USSR have experienced lost
years of life expectancy due to social and economic crises.

The other transition models apply to non-western
countries, describing epidemiological changes over time
in less developed countries where mortality decline took
place no earlier than the 1930s through the 1950s and
fertility decline was delayed further until after 1950. The
sharp decline in mortality in tandem with high fertility
led to unprecedented rates of population growth during
this period, and Omran (11) distinguished these countries
not only in terms of differences in the post-war patterns
of mortality and life expectancy, but mostly given the
speed, timing and magnitude of change in fertility
decline.

The non-western rapid transition model describes the
experience of rapidly industrializing or socially develop-
ing countries and territorial islands (e.g. Taiwan, Hong
Kong, Singapore, South Korea, Sri Lanka, Mauritius,
China, Chile, Cuba, Barbados, Costa Rica, and the
French overseas departments such as Reunion). The onset
of mortality decline to moderate levels in these countries
was one or more decades before 1950 while fertility
decline to less than five children per woman was delayed
until sometime in the 1960s. These countries are still in the
third stage of the epidemiological transition, but have
been experienced also the triple disease burden.

The non-western (upper and lower) intermediate tran-
sition model embodies the experience middle- or low-
income countries whose changes in mortality and disease
patterns and fertility patterns are situated between the
rapid and slow transition models. Countries in the up-
per non-western intermediate transition model include
Indonesia, Colombia, Mexico, Brazil, Panama, Venezuela,
Tunisia, Lebanon, and Thailand. Countries in the lower
non-western intermediate transition model comprise India,
Egypt, Morocco, Ecuador, Peru, Paraguay, and the
Dominican Republic. These countries still face a dual
burden of continuing communicable diseases and mal-
nutrition and the rising prevalence of NCDs, often in
combination with the emerging diseases such as HIV/
AIDS or the resurgent diseases such as malaria.

The non-western slow transition model describes the
experience of the least developed countries and some of
the less developed countries in Latin America, Asia and
Africa. In these countries, mortality started declining to
moderate levels after 1950 while fertility remained at high
levels until the 1990s. These countries also face the dual
burden of the continuing preponderance of communicable
diseases and malnutrition and of the rise in degenerative
and man-made diseases, along with HIV/AIDS, malaria,
tuberculosis, and other emerging or resurgent diseases;
they also have been ill-prepared to handle any one health
problem.

Health transition

Definition

The health transition refers to the various components
in combination in a series of concurrent changes in popu-
lation health during the development, and their implica-
tions for health and social policies and programs. For
instance, the functional component represents change in
functional health status (i.e. abilities and disabilities) of
the population and the gerontological component de-
notes the increasing proportion of people at old and very
old ages with their connected health problems. The health
transition is the latest conceptual effort made by social
and public health scientists to describe and explain
secular transitions in population and health dynamics.
However, as we show below, its conceptual clarity and
contributions, empirical foundations and prognostic im-
plications both regarding historical and contemporary
populations, remain typically blurred and unmapped.

Description

Several appraisals of the epidemiological transition have
suggested revisions to its earlier formulations (12, 13, 23,
26-32) or have rejected it altogether as not relevant to
health and disease patterns of the low- and middle-
income countries (18, 19—22). Undeniably the most suc-
cessful attempt of such revisionism is the concept of the
‘health transition’ meant to be a wider framework that
included both population change, health system, epide-
miological profile of the population and ways in which
societies respond (or not) to changing health situations as
a result of cultural, social, and behavioral determinants
(12-21). The ‘health transition’ gained considerable
traction in the 1990s. While the health transition per-
spective seeks to provide some causation to the explana-
tion of the secular changes in health and disease patterns
in human populations, health transition represents dif-
ferent conceptual entities depending on the school of
thought which have made progress towards a coherently
crafted framework beyond Omran’s epidemiological
transition a daunting endeavor. The Caldwell’s school
of thought views health transition as rooted in the
cultural, social and behavioral determinants of health
(18-21, 49), while scholars associated with the Frenk’s
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school of thought (12, 13, 23, 26-29) view it as a revision
or an extension of the Omran’s epidemiological transition
(2, 10).

Caldwell’s perspective on health transition (19) departs
from Omran’s epidemiological transition (2, 10, 11) and
Frenk’s elements of health transition (12, 13). It builds
instead on a paper by Simons (94) published in a volume
edited by Caldwell and Santow (14) around the same
time as the work of Frenk and colleagues (12). Caldwell’s
school of thought considers the health transition and
improvement in health in circumstances of poor econom-
ic growth typical of developing countries such as those
of SSA. What Caldwell and Santow (14) refer to as
‘the health transition factor’ is very influential in this
perspective: societies with similar levels of income and
provision of health services can exhibit very different
levels of health and mortality. This can also apply to
different cultures, families or households even within the
same societies, indicating a behavioral or attitudinal
effect at work that has to do with lifestyles. The main
argument embodied in Caldwell’s view of the health
transition is that the driving forces of population and
health changes in different epochs are cultural, social,
and behavioral in nature in both western and non-
western societies (18, 19, 20, 21). The evidence from
changes in non-western societies suggests that a con-
siderable part of the gap in causation is explained by
individual and social change. At the individual level, new
attitudes and behavioral patterns took advantage of socio-
economic opportunity structures and medical advances
to improve survival chances. First, death is abhorrent
and must be avoided at all costs, and there must be an
absolute commitment to ensuring the survival of all
members of the community. Second, there must be a
feeling in all individuals of a sense of active individual
commitment to participating in ensuring survival of each
other by avoiding death through the reduction of the risk
of harm or death, rather than believing that external
forces, resources, physical or moral entities will do it for
individuals. The most powerful instrument that has been
shown to accelerate those aspects of social change that
enhance health improvement and survival has been found
to be raising individual consciousness and sense of
responsibility, particularly through formal education in
general and female education notably (14, 15, 19). The
routes to low mortality in such resource-disadvantaged
settings is the establishment of a democratic health
system, by implementing a network of functional health
facilities that are reachable by the local populations with
emphasis on accessibility (free or cheap) of the poor
of rural and urban areas, as well as universal health
insurance coverage of some form to them. Perhaps
Caldwell’s perspective on health transition is best styled
in his following words:
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... During the long contact with the important
institution now known as the International Centre
for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B), I have been astonished at the lack of
interest in identifying necessary behavioural changes,
and trying to supplement them. Most of the ICDDR,
B’s resources in the diarrhoeal area have been em-
ployed to identify diarrhoeal pathogens, and to
search for methods of immunization... Except in
the area of inducing parents to make and employ oral
rehydration solutions, however, practically nothing
on studying, or inducing individual or societal hygie-
nic behavioural change has ever been attempted. The
focus has always been on pathogens and therapies
rather than people. (19: 125).

Frenk’s views of the health transition were articula-
ted in two publications in the late 1980s and early 1990s
(12, 13). Frenk et al. (13) propose that the concept of
epidemiological transition be replaced by the wider con-
cept of health transition, which would include not only
the development of epidemiological characteristics within
the overall health situation, but also the ways in which
societies respond to the health situation and vice versa.
This perspective considers the health transition in the
context of middle-income countries facing new challenges
for health care, in order to account for response of the
organized health system to long-term changes in the
health conditions of populations. More recently, Vallin
and Meslé (29) have attempted to broaden the scope of
this concept to represent situations of convergence and
divergence in mortality both in developed and developing
countries. Frenk et al. (12) propose some corrections and
additions to the original three-stage-three-model ver-
sion of the epidemiological transition (2). In criticizing
Omran’s formulation, Frenk et al. (12) argue that between
the countries in the advanced stage of the epidemiological
transition and those in the initial stage lies a third group
that is undergoing a new transition experience quite dif-
ferent from that of the developed nations. They describe
such countries as belonging to the ‘protracted and polari-
zed’ transition model. This model has four characteristic
features. First, the transition stages are overlapping:
the stages of the transition do not follow a sequential
order but exhibit considerable overlap. Second, there are
counter-transitions: the shift from high mortality to high
morbidity occurs not only for degenerative diseases
but also for infectious diseases as in some developing
countries (e.g. case for HIV/AIDS where morbidity rates
are increasingly higher than mortality rates as treatment
become available to a greater proportion of the popula-
tion). Third, the transition is protracted: the transition
process is not clearly resolved as countries exhibit both
infectious and chronic diseases. Fourth, there is an epide-
miological polarization: a polarization is seen to occur
between population subgroups with the poor and rural
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populations succumbing to the pre-transitional pathol-
ogy while the urban populations experience post-transi-
tional pathology. Frenk and colleagues (12, 13) illustrate
this perspective with evidence from the epidemiologi-
cal transition in Mexico quite different from the one
experienced in western and North American countries:
in the 1950s, the 10 main causes of death already included
many chronic and degenerative diseases such as heart
conditions, tumors and cerebrovascular problems; infec-
tious diseases caused more than 30% of all deaths.
This is seen as the first description of the protracted
epidemiological transition. The epidemiological polariza-
tion in Mexico is largely explained by the different pace
of change in the causes of ill-health among the social
classes.

Vallin and Meslé (29) suggest that health transition be
characterized as an extension of the epidemiological
transition. Within the concept of health transition tied
to the healthcare system as proposed by Frenk (12, 13),
Vallin and Meslé (29) consider the full process in term of
divergence/convergence sequences inferred by successive
major changes in health technologies and strategies. The
entire health transition process thus breaks down into
successive stages, each including a specific divergence-
convergence sub-process. The first stage of the health
transition is Omran’s three-stage epidemiological transi-
tion in its classic formulation. The second stage of the
health transition is the cardiovascular revolution. There
is now overwhelming evidence indicating that Omran’s
third age of the epidemiological transition, the age of
degenerative and man-made diseases (2, 10), was not the
final one as also acknowledged by Omran (11). The third
stage is the ‘slowing the ageing process’. This stage relates
to the most recent trends in life expectancy for Western
industrialized countries. The conjecture hinges on the
view that the new approaches toward the elderly devel-
oped since the 1980s may be creating a new stage of
health transition, which a handful of countries may
have already experienced. The impact of the decline in
cardiovascular mortality mainly comes from the oldest
age groups. In light of this increasing role of the oldest
ages in the decline of cardiovascular mortality, increasing
advances in the fight against these diseases are tied up
with more general progress against ageing. The current
cause-of-death classification is certainly not sufficiently
ageing-related to allow a pinpointing of the impact of
current strategies on such ageing process.

Measuring health and describing the course of health
transition

Given the intricacies of measuring individual and popu-
lation health over time and across cultures, Johanssson
(95) recently proposed three strategies for measuring
health in an attempt to reach conclusions about the
course of the health transition and how such concept may

be related to historical and contemporary trends in
mortality. The first strategy is to continue the use of
mortality data to assess health trends, as most researchers
have been doing (12, 13, 23-29, 33, 34), assuming that
rises in life expectancy signify improvements in health.
This strategy is tantamount to suggesting that rising life
expectancy is all that matters, so that comparing life
expectancy levels between countries during their econo-
mic development can measure health inequalities. The
second strategy rests on a medicalized life course pers-
pective on health and entails using data that are relatively
culture-free (e.g. blood pressure) to objectively determine
individual health by measuring its diminishing from
healthy state through sickness and disability; hence, the
health transition becomes a ‘doctor’s transition’, based
on comparable age cohorts at different points in time
during the rise of life expectancy. The third strategy is to
measure the health transition in all its complexity in its
multifaceted, multilevel and life-course dimensions rele-
vant to health policy. These second and third strategies
are not readily feasible and require a formidable amount
of cooperation across disciplines, large-scale resources
and skills which are not commonplace.

Comparing and contrasting the demographic,
epidemiological and health transitions

Temporal coincidences between the demographic,
epidemiological and health transitions

Four distinct historical periods have marked the mortality
transition in the modern world described in the demo-
graphic transition (96) and which were used in subse-
quent efforts to describe and explain secular transitions
in the epidemiological and health transitions. The first
period runs through the first half of the 19th century. In
Western Europe, mortality reduction is most clearly
identified in the latter part of the 18th and first half
of the 19th century. The second period covers the last
third of the nineteenth century up to World War L.
During this period, there was a revolution in medicine
induced notably by the discoveries of Pasteur and Koch.
The resulting reductions in child mortality and subse-
quently in infant mortality were responsible for much
of the mortality decline particularly in mortality from
diseases such as diarrhea and tuberculosis. During the
inter-war period, sustained gains were achieved especially
in medicine and health education, instilled by progress
made during and after World War I. The third period
involves the years during World War II and the following
period through the 1960s. During this period, there
was an explosion in the use of antibiotics, initiated by
Fleming’s discovery of penicillin and its synthesis in 1943.
The cumulative effect of these developments has been a
dramatic reduction in epidemic and communicable dis-
eases. The fourth period covers the period since the 1970s
when important gains have been achieved in reducing

26 Citation: Glob Health Action 2014, 7: 22443 - http://dx.doi.org/10.3402/gha.v7.22443


http://www.globalhealthaction.net/index.php/gha/article/view/22443
http://dx.doi.org/10.3402/gha.v7.22443

mortality from cardiovascular diseases, and particularly
in increasing the longevity of older adults. The adop-
tion of modern lifestyles has not been responsible for
increased mortality from degenerative diseases until
recently, because of the high incidence of communicable
diseases.

Similarities

A common feature of these three transition frame-
works of investigation of changes involves a progression
through a sequence of three stages in their first formula-
tions. The idea of convergence is a general basis of these
frameworks, not only for mortality and life expectancy
trends but also for fertility (97). This notion of progres-
sion through the stages of transition is the subject of a
substantial and ongoing debate; such stage-wise linear
approach to change is a major shortcoming of these
concepts. To the extent that mortality data track the
health status of a population at all ages, the mortality
transition may proxy any separate health transition (96),
provided that more specialized measures of mortality are
produced to highlight the importance of various compo-
nents of concurrent changes in the production of health
during development.

Frank Notestein’s formulation of the demographic
transition (1) is by and large the most influential frame-
work since the 1950s. The epidemiological and health
transition are tied to the demographic transition in at
least two respects (the notions of transition stages and
mortality transition), but also represent distinct con-
structs in their own right. The Notestein’s approach to
mortality analysis is most fully elaborated in Omran’s
epidemiology of the population change (2, 10, 11) recog-
nizing that mortality transition involves more than simple
quantitative reductions in mortality levels and their
short-term fluctuations. Similarly, the concept of health
transition is closely related to sustained progress at
reducing mortality among infants and adults and to
improvements in life expectancy by changing the patterns
of disease and cause of death at older ages in the con-
text of well-equipped and functioning healthcare system.
The mortality transition refers to the secular decline in
mortality and its associated changes in mortality patterns
of age and cause of death. The epidemiological transition
includes the mortality transition and additionally em-
braces a broader set of changes in morbidity and the
disease environment. The health transition in Caldwell’s
sense includes the social and behavioral changes that
parallel the epidemiological transition and may do much
to propel it (16). The concept of health transition pro-
posed by Frenk et al. (12, 13) is tied to the healthcare
system.

Differences
The main aspect that separates the epidemiological transi-
tion (2, 10, 11) from the demographic transition (1) is the
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addition of a new element — a shift in cause-of-death
patterns and the stage-wise characterization of the tran-
sition stages by the configurations of the causes of death
as well as the influences on them. Despite his reliance
on its main concepts, Omran explicitly rejected the
demographic transition as a theoretical framework, and
formulated the epidemiological transition in an attempt
to provide a comprehensive approach to the dynamics
of the mortality—fertility transition (4). In his view, the
demographic transition ignored too many variables and
too many historical developments that did not fit the
theory (e.g. the postwar baby boom), as well as assuming
a single path of population development based on socio-
economic progress. Omran consistently emphasized the
importance of motivation rather than economic determi-
nants in explaining why birth control was embraced
enthusiastically in some places and rejected in others (2).
He further believed that motivation could be promoted
through health programs, directly by explaining the
health benefits of family planning and indirectly by
decreasing infant mortality and thus reducing the need
for large families. For Omran (2, 10, 11), the key dif-
ference between epidemiological transition and demo-
graphic transition is that the former unlike the latter
allows for multiple pathways to a low-mortality/low-
fertility population regime.

A feature of the concept of the health transition that
situates it apart from the demographic and the epide-
miological transitions is the idea that there is more to
health than death, especially at older ages around the
world. For instance, it is known that the health of the
elderly can deteriorate even if life expectancy is stable or
rising at older ages. Continuing improvements in high life
expectancies have made it imperious to develop measures
of population health such as active life expectancy (ALE),
disability-adjusted life expectancy (DALY) and quality-
adjusted life years (QALY) (98) which are apt to track the
health status of a population without relying on mortality
data alone. However, since health research has generally
relied on quantitative data and analysis, Johansson (95)
anticipates that researchers will continue to use mor-
tality data as a proxy for health trends and to treat the
health transition just as another name for the mortality
transition.

Changing contexts of health, disease and
mortality patterns in Africa

Brief history and experience of Africa

Information on the situation in Africa before the inde-
pendence years in the 1960s is sketchy and at best
conjectural. Kuczynski’s study on the Cameroons and
Togoland, published in 1939, was the first critical inves-
tigation of information on the population of Africa
and was largely negative concerning the possibility of
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substantial knowledge on the basis of the information
then available (99). By the 1960s, conditions were
relatively favorable (100), but by the end of the 1970s
there were clear signs that the post-colonial state was not
only falling short of its ambitious designs, but facing a
systematic crisis, and Africa was unable to point to any
significant growth rate or satisfactory index of general
well-being (101).

The 1980s were a decade of growing distress for much
of Africa, and since the 1980s, while other parts of the
world have significantly prospered, African economies
have experienced numerous disruptions. For sub-Saharan
countries, there was an average negative growth rate of
2.8% from 1980 to 1987 (102). All African countries but
Botswana and Mauritius were overwhelmed by unsus-
tainable debts, facing negative trends in many primary
commodity markets. Shunned by much of international
capital, African states had little option but to accept, at
least formally, the structural adjustment programs pro-
posed by the international financial institutions backed
by the donor community as the condition for continuing
assistance in the late 1980s and beyond (103). The budget
reductions required by structural adjustment programs
compelled cutbacks in social expenditures. These trends
substantially weakened states for which studies already
showed that educational and health expenditures had less
success in improving health and educational attainment
than comparable outlays in Asia and Latin America
(104).

While at the beginning of the 1980s the external diag-
nosis of an emerging African crisis was essentially
economic, by the end of the decade the exegesis of the
post-colonial state condition led to a more far-reaching
conclusion: the malady afflicting Africa was not simply
economic but more fundamentally political and required
democratic reforms. The kinds of political and economic
arrangements that characterized the post-colonial state
had become fundamentally unviable in a changing global
environment.

The 1990s and beyond represented a fundamentally
new era in African politics, with the rise of multiparty
systems. A vision of a new type of Africa state was of-
fered by the New Partnership for Africa’s Development
(NEPAD), which pledged an economically reformed,
politically democratic, and governmentally accountable
and transparent Africa. However, the resulting partially
reformed states proved to be substantially weakened,
and new patterns of civil conflict and internal warfare
appeared in a number of countries. Governments were
overthrown by peripheral insurgents eight times in the
1990s: Chad (1990), Liberia (1990), Ethiopia (1991),
Somalia (1991), Rwanda (1994), and Sierra Leone and
both Congo and the Democratic Republic of Congo
(1997). The spread of civil conflict in Africa in the 1990s
stood as a metaphor for weakened and unstable nations.

More than a quarter of African states experienced armed
internal conflict during the decade, and another quarter
faced prolonged political crises and turbulence (105),
some of which are on-going.

Conflict and instability

Over the last 50-60 years, African countries have
experienced a variety of social, economic, and political
crises that have affected population health and human
longevity.

Politically, the 1950s and 1960s signaled the beginning
of a new era for most of Africa (106—108), as the progress
towards an orderly and peaceful transition of power from
the colonial powers to the indigenous people began.
Today, Africa contains 57 sovereign countries, most of
which still have the borders drawn during the era of
European colonialism. During the period from the early
1960s to the late 1980s, Africa had more than 70 coups
and 13 presidential assassinations (109). Overall, 34 out
of 52 African countries have experienced political in-
stability (PI) as measured in 1996 or 2009, and 23
countries have witnessed a deteriorating political situa-
tion between 1996 and 2009. Since the 1960s, several
African countries have experienced political coups, ethnic
violence, oppressive dictators, and the region has endured
many conflicts leading to humanitarian crises and mass
migration of refugees.

The most devastating military conflict in modern
independent Africa has been the Second Congo War,
which by 2008 has claimed the lives of an estimated 5.4
million people. Since the 1960s, many western African
countries have also been submerged under PI, with
notable civil wars in Nigeria, Sierra Leone, Liberia, and
Cote d’Ivoire, and a succession of military coups in
Ghana and Burkina Faso. Southern Africa is distinct
from the rest of Africa in that it has been exempt from
wars.

Despite democratization trends since 1990, PI has been
widespread in Africa. From 1956 to 2001, there have been
80 successful coups d’état, 108 failed coups d’état, and
139 reputed coup complots in 48 sub-Saharan African
independent states (110). Elite PI remains widespread in
SSA, in contrast to other regions of the developing world.
Military-led PI has been shown to have deleterious effects
on economic growth and human development in SSA
and is a major cause of the enduring food, economic, and
health crises in many African countries. This African
context has huge implications on the capacity of the
continent to set a path of continuous and sustainable
social environment for human health development; unless
Africa and Africans consciously change the course, their
future may resemble their past.

Disease
Although countries in Africa share certain similarities,
such as conflict-prone environments, they differ greatly
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in many respects, including demography, epidemiology,
culture, history, politics, and education. As such, it is not
surprising to find that HIV epidemics across Africa range
from highly concentrated to highly generalized, and the
responses by African nations have been equally varied,
ranging from intense interventions to complete denial of
HIV disease.

Saying that HIV/AIDS has had a large impact in SSA
is a gross understatement. Sixty-eight percent of people
living with HIV worldwide live on the African continent,
where every year 76% of all AIDS-related deaths in the
world occur. In 2007 Africa accounted for 68% of new
HIV infections in the world. At the same time, trends in
the prevalence of HIV among adults aged 15-49 years
shows great heterogeneity across countries. In 1990 over
10% of the adult population was HIV-positive in three
countries (Zambia, Zimbabwe and Uganda); by 2000 the
prevalence had risen to 24.8% in Zimbabwe and 14.4% in
Zambia but had declined to 7.3% in Uganda. Botswana
(26% and 24.8% in 2000 and 2009, respectively) and
Lesotho (24.5 and 23.6% in 2000 and 2009, respectively)
are the two countries with the speediest increase in HIV
prevalence, having grown from 0.8% in Lesotho and 3.5%
in Botswana in 1990.

Thanks to better HIV/AIDS treatments using antire-
troviral therapies (ART), morbidity and mortality have
decreased in HIV patients with advanced disease. How-
ever, as the number of patients on antiretrovirals increases,
more and more people are living longer with HIV, raising
new challenges. Furthermore, the majority of African
countries have ART coverage under 45%, meaning that
less than half of Africans who need antiretroviral therapy
actually receive appropriate care, and current treatment
guidelines often delay initiation of antiretroviral therapy
during the early stages of disease.

The future of the epidemiological landscape of African
countries will greatly depend on strategies to build capa-
city for prevention, treatment, and care of HIV/AIDS in
Africa. If African states are to assume greater respon-
sibility for responding to the HIV/AIDS epidemics, a
major requirement will be to strengthen health-care
systems in the region by building institutional and human
resource capacity (111, 112).

Between 1990 and 2010, the prevalence of tuberculosis
has increased in 25 African countries, and Africa is facing
the worst tuberculosis epidemic since the advent of the
antibiotic era (113). Driven by the HIV epidemic and
compounded by weak health-care systems, inadequate
laboratories, and conditions that promote transmission of
infection, this devastating situation has steadily worsened,
exacerbated by the emergence of drug-resistant strains
of tuberculosis. The WHO estimates that the average
incidence of tuberculosis in African countries more than
doubled between 1990 and 2005, from 149 to 343 per
100,000 population — a stark contrast to the stable or

Transition frameworks and population health patterns in Africa

declining rates in all other regions during this period
(114). Although HIV is Africa’s leading cause of death,
tuberculosis is the most common coexisting condition in
people who die from AIDS.

Economic factors
In 2009, gross domestic product (GDP) per capita — a
proxy for economic development — ranged from $97$ in
the Democratic Republic of Congo to $8,011 in Equatorial
Guinea. Although it has abundant natural resources,
Africa remains the world’s poorest and most under-
developed continent. The informal sector is the largest
contributor to GDP in the regions where agriculture is
predominant, such as in SSA. Agriculture has always
been and remains the dominant activity for the majority
of Africans. Most agricultural activity is subsistence
farming, which has made agricultural activity vulnerable
to climate change and global warming. SSA is the region
of the world with the largest estimates for the contri-
bution of informal sector to GDP: nearly two-thirds
including agriculture and one-third excluding agriculture.
Although over 50% of the adult population is em-
ployed in all African countries, labor force participation
is dominated by the informal employment (115-119). The
informal sector represents 80.4% of total employment in
SSA, where 88.6% of women are more likely to be self-
employed in the informal sector (118). This affects health
because informal employment is usually characterized by
an absence of social protection, in particular, health
coverage (115, 118), which leaves large majorities of the
continent’s populations especially vulnerable to disease
and other health issues.

Health-care systems

In the absence of vaccination, measles is estimated to
infect virtually the entire population with the exception
of isolated communities (120), and measles vaccination
rates are sensitive indicators of functional public health
systems (121, 122). The joint WHO/UNICEF (123) esti-
mates indicate that measles-containing vaccine (MCV)
coverage rates were lowest for the African region.

Vaccine rates indicate a great diversity in the function-
ing of the public health systems across African countries.
In 2010 estimated coverage of MCYV rates ranged from
46 to 94%. There were 12 African countries with MCV
coverage of 65% or lower, indicative of the least func-
tional public health system, while coverage was at least
90% in seven countries. The regional and local disparities
in coverage result from limited resources, competing
health priorities, poor management of health systems,
and inadequate monitoring and supervision.

Many health systems in SSA currently lack the capa-
city to provide even basic health care to the population,
let alone deal with the additional burden of comorbidities
from communicable and NCDs. This is particularly
obvious when examining the availability of physicians,
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whose number per 100,000 inhabitants in 2004 was
below the 1960 level in a number of countries (Tanzania,
Zimbabwe, Liberia, Mozambique, and Sierra Leone).
Elsewhere the number of physicians per 100,000 people
stagnated over time or increased somewhat, but substan-
tial increases between 1960 and 2004 were observed only
in northern African countries and Mauritius.

The treatment gap in African countries has been
mainly attributed to inadequately skilled personnel, cost
of treatment, cultural beliefs, and unavailability of drugs,
although lack of accessible health facilities has also been
noted (50, 51, 91, 112, 114, 124-129). The lack of human
resources and the difficulty retaining staff, especially in
rural areas, is an important obstacle. A recent study
found that alarming proportions of health care workers
in African countries intend to migrate (129). The loss of
health-care workers leaves crippling gaps in health-care
systems of developing countries already struggling to
combat mounting health crises, such as tuberculosis and
AIDS (130, 131). Furthermore, while the bulk of social
and health infrastructures and the best equipped hospi-
tals are located in major cities in Africa, the African
population is predominantly rural, with the urban
population representing only 40 and 37%, respectively,
of the total population in Africa and SSA in 2009.

Assessing the relevance of the transition
frameworks in Africa

Testing the relevance of the demographic transition
in Africa

To assess the extent of changes from 1950 to 2010 in
mortality, fertility and population growth within the
demographic transition perspective, we use two comple-
mentary approaches. First, graphical methods are used to
assess trends in crude birth rates, crude death rates, infant
and USMR rates, total fertility rates, and life expectancy
at birth from 1950 to 2010. We then evaluate whether
the sequence of irreversible decline in fertility in response
to mortality decline is occurring as expected from the
demographic transition. Second, descriptive statistics are
used to determine the ranges of variation (minimum,
maximum) in estimates of crude birth rates, crude death
rates, natural rates of population growth and total
fertility rates. We then compare them to those expected
when the demographic transition is/has taken place,
as described above. These assessments are presented in
Table 1.

Regional patterns of change in vital rates in Africa in
comparative perspective between 1950 and 2010

One approach to understanding the changes that have
taken place in African population over the past 60 years
is to consider the differences in major demographic
indicators between then and now, using the latest and

best available estimates from the United Nations’ online
databases. Over the past six decades the population of
Africa has witnessed a series of changes in population
size and growth patterns due largely to variations in the
two principal components of growth, that is, mortality
and fertility. As during the demographic transition in
Europe where fertility decline followed mortality decline
in general, the rate of natural increase during the
transitional period is expected to range between 0.5 and
1% per year in contemporary societies experiencing
demographic transition (hypothesis 1). Trends in crude
birth rates and crude death rates in Africa and across its
regions between 1950-1955 and 2005-2010 are depicted
in Fig. 1. Table 1 shows that the crude birth rates all
remain very high and that with declining mortality
though the levels are still very high, the range of variation
in rates of natural increase has uniformly exceeded unity
by a wide margin in all African regions and countries and
over time (the one-time negative value for Rwanda is due
to the mortality crisis during Rwandan genocide). Hence,
we reject this hypothesis.

Between 1950-1955 and 2005-2010 crude birth rates
and death rates both declined in Africa and its regions,
although at a slower pace than in other regions of the
world. Crude birth rates were higher in Northern Africa
than SSA through the 1960s but have been higher in SSA
than in Northern Africa ever since. Crude death rates,
by contrast, have been consistently higher in SSA than
in Northern Africa over time. Within SSA, differences
across regions have varied over time; since the 1980s,
crude birth rates and crude death rates have been highest
in Middle Africa.

Over the past 50—60 years, major demographic changes
have affected all regions and countries. The population
growth rate in Africa rose from 2.11% in 1950-1955
(which was slower than that of Latin America, 2.72%, or
of Oceania, 2.22%) to 2.30% in 2005-2010, which was the
fastest rate in the world. Regional differences in popula-
tion growth rate across Africa have been remarkable
during the last 60 years. The growth rate declined from
2.34 to 1.74% in northern Africa, for example, but rose
from 2.05 to 2.45% in SSA. Within SSA, southern Africa
has experienced the sharpest decline in the rate of growth
(from 2.30% in 19501955 to 1.02% in 2005-2010), while
Middle Africa went from the lowest rate in 1950-1955
(1.93%) to the fastest rate in 2005-2010 (2.66%) in part
due to a decline in infertility from controlling reproduc-
tive tract infections (132). Population growth has three
major consequences for infectious disease: Growing popu-
lations in poor urban areas increase contact rates, facili-
tating epidemics; the sheer scale of cities provides more
opportunities for a disease to persist with a ready supply
of susceptible people; and the conditions associated with
increases in travel and migration can turn epidemics into
pandemics (133).
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Tuble 1. Assessing the demographic, epidemiological and health transitions in Africa in comparative perspective: 1950 to 2010

CBR range CDR range RNI range TFR Range Onset of e(0) average e(0) average

of variation*  of variation*  of variation*  of variation* sustained fertility e(0) e(0) yearly change yearly change

Major area, African region and country  1950-2010 1950-2010 1950-2010 1950-2010 rate since 1950 1950-1955 2005-2010 1950-1990 (a) 1990-2010 (b)
World 20.1; 37.0 8.1; 19.1 12.0; 20.6 2.5;5.0 1955 46.91 68.72 0.43 0.19
More developed regions 11.1; 224 9.4; 10.6 0.8; 11.8 1.6; 2.8 <1950 64.67 76.90 0.23 0.12
Less developed regions 22.0; 43.7 7.7; 23.1 14.4; 25.6 2.7; 6.1 1955 41.62 66.96 0.50 0.21
Sub-Saharan Africa 39.6; 47.4 13.0; 27.7 19.7; 28.9 5.4; 6.8 1980 36.23 52.94 0.32 0.15
Africa 36.7; 48.1 11.8; 26.8 21.3; 28.8 4.9; 6.7 1975 37.38 55.55 0.36 0.15
Eastern Africa 39.4; 49.3 11.1; 27.0 22.3; 30.3 5.4;7.1 1980 37.03 55.85 0.30 0.27
Burundi 42.5; 51.4 14.2; 25.2 24.2; 33.8 6.5; 7.6 1980 39.03 51.32 0.24 0.10
Comoros 36.8; 47.4 9.6; 23.6 21.4;31.9 5.1; 7.1 1985 40.72 59.66 0.36 0.19
Djibouti 28.9; 44.9 9.7; 21.0 19.2; 30.8 3.8;6.8 1975 41.04 59.05 0.38 0.12
Eritrea 39.4; 48.0 8.0; 27.8 19.3; 31.2 5.2;7.0 1960 35.84 59.95 0.27 0.54
Ethiopia 36.4; 49.3 9.5; 29.9 19.3; 30.3 53;7.4 1955 34.08 59.26 0.30 0.53
Kenya 38.2; 51.5 10.0; 23.6 27.7;, 371.7 4.8; 8.1 1970 42.30 57.23 0.43 —0.09
Madagascar 36.3; 49.1 7.9;27.7 21.3;31.5 4.8;7.3 1975 36.32 62.23 0.34 0.49
Malawi 41.8; 55.0 13.5; 27.8 19.7; 33.5 5.8;7.6 1985 36.32 51.56 0.26 0.19
Mauritius 12.4; 43.8 5.9; 15.4 5.3; 35.1 1.6; 6.2 1965 50.20 72.76 0.46 0.17
Mayotte 33.7; 49.4 2.4;26.9 14.3; 42.3 4.3;79 1980 47.26 77.94 0.60 0.27
Mozambique 42.3;49.4 15.8; 32.8 16.5; 28.0 5.6; 6.6 1975 31.29 48.35 0.29 0.21
Réunion 18.2; 49.6 5.1;19.2 13.1; 31.7 2.4;6.9 1965 47.86 78.20 0.60 0.26
Rwanda 38.1; 53.8 9.1; 25.0 —0.6; 36.3 5.1; 8.4 1985 40.02 59.84 0.14 0.56
Seychelles 18.8; 39.0 7.1;15.5 11.5; 27.4 2.2;5.9 1970 57.96 72.41 0.33 0.05
Somalia 45.6; 49.7 13.7; 29.8 19.1; 33.2 71;7.4 1970 33.99 53.21 0.31 0.27
South Sudan 38.5; 51.4 13.6; 37.3 10.4; 27.3 5.4;6.9 1980 27.88 52.12 0.35 0.41
Uganda 45.8; 51.3 11.4;24.5 26.8; 34.4 6.4; 7.1 2000 40.00 55.17 0.22 0.26
Tanzania 41.6; 49.3 10.8; 22.4 26.6; 31.5 5.6; 6.8 1975 41.25 56.60 0.25 0.22
Zambia 43.4; 49.3 13.7; 21.8 24.9; 32.6 5.9;7.4 1980 42.07 50.94 0.10 0.20
Zimbabwe 31.9; 48.3 8.8;17.4 14.4; 36.3 3.9;74 1975 48.54 47.33 0.31 —0.54
Middle Africa 44.3; 47.7 15.8; 27.4 18.6; 29.7 6.0; 6.9 2005 36.77 49.53 0.27 0.08
Angola 48.2; 54.4 15.8; 35.8 18.2; 32.4 6.5; 7.4 1970 30.00 49.63 0.28 0.34
Cameroon 39.6; 46.4 13.2; 24.7 17.4; 31.3 5.2;6.7 1985 38.54 52.73 0.37 —0.02
Central African Republic 35.8; 43.8 17.3; 31.0 10.7; 25.2 4.8; 6.0 1985 33.44 46.45 0.35 —0.03
Chad 46.1; 51.3 16.4; 28.6 17.8; 32.8 6.1;7.4 2000 36.06 48.68 0.26 0.10
Congo 38.0; 43.1 11.8; 20.9 21.4;29.8 5.1;6.3 1980 43.16 55.68 0.33 —0.03
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Tuble 1 (Continued)

CBR range CDR range RNI range TFR Range Onset of e(0) average e(0) average

of variation*  of variation*  of variation*  of variation* sustained fertility e(0) e(0) yearly change yearly change

Major area, African region and country  1950-2010 1950-2010 1950-2010 1950-2010 rate since 1950 1950-1955 2005-2010  1950-1990 (a) 1990-2010 (b)
DR Congo 45.1; 48.8 16.9; 25.3 20.8; 30.7 6.0; 7.2 2000 39.06 48.27 0.20 0.04
Equatorial Guinea 32.9;47.4 15.2; 30.4 10.5; 26.8 5.4;5.9 2000 34.48 50.09 0.28 0.18
Gabon 30.3; 38.0 10.2; 27.7 2.6; 26.1 4.0; 5.7 1985 36.99 61.32 0.59 0.03
Sao Tome and Principe 35.8; 47.7 7.4;21.0 27.0; 30.6 4.5;6.5 1980 46.40 65.48 0.38 0.16
Northern Africa 24.8; 50.7 6.7; 23.5 18.0; 29.2 3.1;6.9 1965 42.36 68.32 0.51 0.22
Algeria 19.3; 52.5 5.3; 23.7 14.0; 32.8 2.4;7.6 1975 42.89 70.26 0.57 0.18
Egypt 24.3; 50.8 6.9; 25.3 17.4; 28.0 3.0; 6.7 1960 4114 69.92 0.56 0.25
Libya 22.6; 50.8 4.2; 30.3 18.1; 34.8 2.7;7.9 1980 36.67 74.18 0.77 0.27
Morocco 20.1; 51.5 6.1; 20.2 13.9; 32.2 24,72 1965 45.67 69.66 0.44 0.26
Sudan 36.1; 46.9 8.9; 20.3 26.3; 32.7 4.8;6.9 1980 44.54 60.90 0.27 0.23
Tunisia 16.9; 51.2 5.2;24.5 11.6; 28.9 2.0; 7.1 1965 38.78 74.56 0.71 0.30
Western Sahara 22.6; 52.0 5.9; 27.9 16.7; 27.4 2.6; 6.6 1975 35.52 65.95 0.52 0.39
Southern Africa 22.8; 43.8 8.0; 20.4 8.0; 25.2 2.6; 6.3 1955 44.74 51.89 0.40 —0.36
Botswana 24.9; 47.3 7.1;18.8 7.8; 35.1 2.9; 6.7 1970 47.66 46.53 0.40 —0.68
Lesotho 28.2; 42.7 9.9; 22.7 10.9; 26.8 3.4;5.9 1975 42.16 45.59 0.38 —0.47
Namibia 28.1; 44.2 8.7;22.9 18.3; 31.6 3.4; 6.6 1980 41.75 60.05 0.47 —0.02
South Africa 22.1; 43.7 7.9; 20.2 7.3; 24.7 2.6;6.3 1955 45.01 52.21 0.40 —0.35
Swaziland 31.4; 49.3 9.5; 22.6 16.0; 35.7 3.8; 6.9 1975 41.42 47.35 0.43 —0.45
Western Africa 41.2;47.8 13.6; 30.1 16.8; 28.4 5.7;6.9 1985 33.75 52.32 0.35 0.18
Benin 39.1; 47.2 10.3; 34.5 6.3; 32.0 5.3;7.0 1985 33.71 58.20 0.45 0.26
Burkina Faso 43.8; 49.0 12.8; 31.9 15.2; 31.0 6.1; 7.2 1985 30.94 53.97 0.46 0.18
Cape Verde 21.9; 48.9 5.3;21.8 16.7; 32.2 2.6;7.0 1970 48.07 73.16 0.43 0.32
Coéte d’lvoire 36.1; 54.3 13.6; 32.0 20.0; 33.3 49;7.9 1975 32.14 48.71 0.52 —0.16
Gambia 43.6; 51.6 10.5; 32.7 10.9; 33.2 5.3; 6.3 1985 30.25 57.45 0.53 0.24
Ghana 33.1;47.3 9.6; 21.1 23.6; 30.6 4.2;7.0 1970 4217 60.02 0.33 0.19
Guinea 39.2; 47.4 12.7; 33.2 13.9; 29.4 5.4; 6.6 1990 33.08 54.47 0.37 0.26
Guinea-Bissau 39.4; 54.5 13.5; 25.4 15.1; 32.9 5.3; 7.4 1955 40.58 52.99 0.19 0.19
Liberia 38.6; 49.2 10.3; 30.5 16.5; 29.8 5.2;7.0 1985 33.12 58.11 0.36 0.43
Mali 47.7;49.4 14.9; 38.3 10.2; 33.1 6.5; 7.1 1990 26.96 52.71 0.46 0.30
Mauritania 36.0; 49.8 9.2; 23.8 24.9; 30.3 5.0; 6.8 1975 38.59 60.66 0.48 0.12
Niger 50.4; 56.6 12.7; 28.1 26.6; 37.7 6.9; 7.8 2000 34.97 55.64 0.19 0.52
Nigeria 42.2; 471 14.9; 29.6 16.5; 27.6 6.0; 6.8 1985 34.01 50.18 0.30 0.16
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life expectancy at birth.

rate (number of children per woman); e(0)
*Range of variation

(@
(b)

(Minimum value of the indicator over the past 60 years; Maximum value of the indicator over the past 60 years).

Average yearly gain (+) or loss (—) in life expectancy at birth over the period 1950-1955 to 1985-1990;
Average yearly gain (+) or loss (—) in life expectancy at birth over the period 1985-1990 to 2005-2010.

Transition frameworks and population health patterns in Africa

The world’s population is shifting towards urban areas,
with an estimated 51.6% living in urban areas in 2010
compared with 29.4% in 1950. By contrast, in 2010 only
39.2% of the population in SSA were urban dwellers. Due
in large part to a diet linked with NCDs, urbanization is
now linked to higher mortality rates for heart disease and
chronic NCDs in poor countries (79-81, 134). Stuckler
(135) found that each 1% increase in the population living
in urban settings increased the long-term growth of
chronic NCDs in the population by 3.2%.

Median age is a good summary of how young or old
a population is. Half of the population in SSA is under
19 years, and half of the African population is under
20 years, indicating that these populations are extremely
young. Population growth combined with the young
populations typical of African countries and poorly
resourced communities are influential factors of global
health and human health in Africa (136).

The proportion of the population aged 60 years or
older is lower in Africa than anywhere else in the world,
ranging from 4.5% in middle Africa to 7.4% in northern
Africa. Even if no changes were to occur in the age-
specific risks of dying due to NCDs, population growth
and aging in Africa would still produce large increases in
the burden of mortality due to NCDs. The 2001 South
African population census reported that 7.3% of the
population was aged 60 years and older, and it is pro-
jected that even without changes in the risk factor profile
or the mortality rates from cardiovascular disease, this
demographic change will result in a doubling of the
number of cardiovascular deaths in South Africa by
2040 (44).

It is conjectured that mortality decline will take place
first, followed by fertility decline occurring 50 or more
years from the onset of sustained fall in mortality. Levels
of fertility and infant mortality are higher in Africa than
other regions of the world, and within Africa the highest
rates of fertility and infant mortality are in middle Africa.
On average over the last 60 years, gains in life expectancy
have also been lower in African regions (and lowest in
middle Africa) than in the other regions of the world.
During the transitional stage, the onset of mortality
decline to moderate levels is expected to be followed after
a lag time by fertility decline to less than five children per
woman (hypothesis 2). It is unknown when mortality
started declining in many African countries, since com-
parable data are available only since 1950.

Fertility rates in African countries and regions over the last
60 years in comparative perspective

Out of all African countries considered in this analysis
using the latest and best available estimates from the
United Nations’ online databases, a total fertility rate of
five children or more per woman was seen in 23 of them,
concentrated in three regions of Africa: 11 of the 16
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Fig. 1. Crude birth and death rates for Africa and its regions, and other regions of the World, 1950-2010.

countries of Western Africa (with Niger having the highest
fertility rate, more than seven children per woman, in
2005-2010), eight of the 16 countries of Eastern Africa,
and four of the nine countries of Middle Africa. For infant
mortality, 11 countries (three in Western Africa, five in
Middle Africa and three in Eastern Africa) had rates
higher than 100 deaths per 1,000 live births in 2005-2010.
Finally, 14 countries (three in Western Africa, two out of
five in Southern Africa, five in Middle Africa, and four in
Eastern Africa) had life expectancies at birth that were
less than 50 years in 2005-2010.

Figure 2 displays the patterns of fertility change in
Africa and African regions in comparison to other regions
of the world. Between 1950-1960 and 1990, fertility levels
changed little and by 1990, Africa was the continent with
the highest levels of fertility. Sub-Saharan countries seem
to remain more systematically outside any established
and uniform process of fertility change. For Africa and
Sub-Saharan Africa, total fertility rates stand respectively
at 4.9 and 5.4 children per woman in 2005-2010, com-
pared to 6.7 and 6.8 children per woman in 1950—-1955.

In 2005-2010, the corresponding figures are 2.3 for
Asia and 2.3 for Latin America and the Caribbean. The
timing of the onset and pace of any decline of fertility
decline have been quite variable over the past six decades
in Africa, and signs of any decline occurred as late as
the 1990s in many countries of middle Africa and
western Africa. Furthermore, the pace of decline has
been slowest in the regions of Sub-Saharan Africa than
elsewhere. The many causes of these lowest rates in Sub-
Saharan Africa reflect the familiar cultural, social, and
economic constraints that impact women’s reproductive
health negatively in general. The region of the world
where access and choice of contraception is still proble-
matic and will remain so for a long time is sub-Saharan
Africa.

Despite substantial reductions in mortality rates and
increases in life expectancy over the past 60 years, many
African countries and regions have maintained high fer-
tility rates. There are important regional differences within
the continent, with Middle Africa having the slowest
progress in health improvements and maintaining high
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Fig 2. Total fertility rates for Africa and its regions, and other regions of the World, 1950-2010.

and often increasing fertility levels. Across Africa, the
pace at which changes have occurred and the factors
influencing them has varied from one group of countries
to another. With the exception of Mauritius, which shows
a consistent pattern of changes over time, there is little
evidence of a pattern in which the timing of changes
in mortality can be linked to the timing of changes
in fertility, and, indeed, most countries have achieved
substantial reductions in mortality and gains in life
expectancy at birth with virtually no variations in fertility.
Despite what would be expected according to the frame-
works of the demographic transition, the epidemiological
transition, and the health transition, mortality declines in
African nations were generally not followed by fertility
declines, even after 60 years of scrutiny (2, 41, 137); these
results substantiate arguments for what several scholars
have termed ‘African exceptionalism’ (68—70), given
Africa’s departure from the prediction of the transition
from high to low fertility in response to mortality decline
inherent in demographic and epidemiological transitions.
Northern and Southern Africa and the island countries
(Mauritius, Reunion, Seychelles, Djibouti, and Cape Verde)
are exceptions, but their transitions generally predated
the 1960s. Although fertility decline started in SSA in
1980 and in Africa since 1975, fertility rates are still above
the expected transition-level of five children per woman

in many African regions (notably Middle, Eastern, and
Western Africa). Hence, hypothesis 2 is not confirmed.

In short, the patterns of changes seen in Africa do
not in general adhere to the predictions of the various
transition frameworks, and the only places in SSA where
these frameworks do apply are island countries such as
Mauritius. The vast majority of the other African coun-
tries moved from a homogeneous pattern of popula-
tions with uniformly high levels of mortality and fertility
prior to the independence years in the 1960s to a heter-
ogeneous pattern of populations with widely varying
rates of fertility, infant mortality, and life expectancy.
This is in direct contrast to the expectations of the
various transition frameworks, which conjecture popula-
tions that become more homogeneous over time with
respect to patterns of mortality and fertility as well as life
expectancy trajectories. We conclude that, with respect
to mortality and fertility patterns, these frameworks
do not perform well in accounting for the timing and
sequencing of mortality decline and fertility decline
since these are highly variable in Africa across African
countries and regions.

We also compute the average yearly gains/losses in
life expectancy between the 1950-1955 and 1985-1990
and between 1985-1990 and 2005-2010, to explore the im-
pact of HIV/AIDS epidemic on trends in life expectancy
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in African countries. We then compare these changes to
those expected by the demographic transition. During the
transitional stage (like from 1800 to 1950 in Europe), life
expectancy at birth is expected to array between 40 and
65 years (hypothesis 3). Table 1 shows improvements in
life expectancy for all countries through the 1980s. Since
the 1990s, there are signs of stagnation or fall in life
expectancy below the pre-1990 level. Such fall has been
palpable in all countries from Southern Africa, in some
countries of Middle Africa (Cameroon, Central African
Republic, and Congo) or Eastern Africa (Kenya and
Zimbabwe) and Western Africa (Cote d’Ivoire and Togo).
Moreover, several countries have witnessed declines in life
expectancy at birth between 1990 and 2010, falls which
bring their life expectancy close to the 1950—1955 levels
where some countries had life expectancy at birth under
40 years in 1950. Therefore, the pattern of change in life
expectancy in Africa has been greatly influenced by the
HIV/AIDS epidemic and among other influential factors,
and hypothesis 3 is not accepted.

Overall, the evidence fails to confirm the conjectures of
the demographic transition in Africa. These assessments
also apply to shared features among the demographic,
epidemiological and health transitions.

Testing the relevance of the epidemiological
transition in Africa

We focus on the first three propositions which describe
the epidemiological transition. We use reviewed evidence
for the fourth and fifth propositions which are concerned
with its determinants. The first proposition relating to the
relative role of mortality and fertility in the epidemiolo-
gical transition has been tested above in the context of the
assessment of the demographic transition.

Distribution and group ratio of cause-specific deaths in
Africa in comparative perspective

The second proposition is that during the transition,
there is a long-term shift in cause-of-death patterns
whereby NCDs predominate as primary cause of death.

We compare the causes-of-death pattern in Africa with
other parts of the world, using: 1) the ratio of group
IT causes-of-death (NCDs) to Group I causes-of-death
(communicable, maternal, perinatal and nutritional con-
ditions); and 2) the distribution of the top 20 causes of
death to appraise the weight of mortality from commu-
nicable diseases and the expected changes in life expec-
tancy. The ratio of Group II to Group I causes of deaths
gives an indication of the process of the epidemiological
transition: the higher the ratio, the more the epidemio-
logical transition is advanced in a society. Tables 2 and
3 show the distribution of causes of death and ratios of
causes of death.

According to the Omran’s epidemiological transition
(11), mortality by cause of death in non-western countries
was projected to shift in predominance from communic-
able diseases dropping from being responsible for 42.1%
of all deaths in the less developed regions in 1970 to
19.4% in 2015, resulting in life expectancy at birth rising
from 57.5 to 68.5 years (hypothesis 4). Mortality and
cause of death patterns indicates that across the world,
27% of deaths are ascribed to communicable, maternal,
perinatal and nutritional conditions. In developed regions
that number is less than 7%. Africa stands far apart from
the rest of the world, with 65% of deaths caused by these
conditions; infectious and parasitic diseases alone are
responsible for 41% of all deaths in Africa, compared
with only 15% for the world as a whole. In sharp contrast,
64% of all deaths worldwide are due to NCDs; that figure
is 87% in the developed regions and 28% in Africa.
In most developing regions, noncommunicable diseases
(Group II causes of death) already exceeded Group I
causes of death in 1990, whereas the ratio was only 0.4 in
SSA (67). Table 2 indicates that almost 20 years later, that
ratio is still at 0.4 for Africa, compared with 2.4 for the
world, 12.4 in developed countries, 11.9 in Eastern Asia,
4.9 in Latin America and the Caribbean, and 1.4 in
Southern Asia. Hence, hypothesis 4 is not verified in
Africa.

Tuble 2. Percent distribution and group ratio of cause of deaths in the world, in the developed and developing regions, and in

Africa: 2008

Developed Latin America
World regions Africa  and the Caribbean  Eastern Asia  Southern Asia
All causes 100 100 100 100 100 100
Group |. Communicable, maternal, perinatal, 27 7 65 15 7 38
and nutritional conditions
Group Il. Non-communicable diseases 64 87 28 73 83 52
Group llI. Injuries 9 6 7 12 10 10
Ratio of Group Il to Group | deaths 2.4 12.4 0.4 4.9 11.9 1.4

Source: Author’s calculations based on online World Health Organization’s regional cause-specific mortality estimates for the year 2008.

(http://www.who.int/healthinfo/global_burden_disease/en/).
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Tuble 3. Percent distribution of the top 20 cause of deaths in the world, in the developed world, in developing regions, and in Africa: 2008

Top 20 causes of death: world, 2008

Top 20 causes of death: developed world, 2008

Top 20 causes of death: Africa, 2008

1. Ischemic heart disease 12.75 1. Ischemic heart disease 15.86 1. HIV/AIDS 12.87
2. Cerebrovascular disease 10.81 2. Other cardiovascular diseases 9.01 2. Lower respiratory infections 11.18
3. Lower respiratory infections 6.09 3. Cerebrovascular disease 8.58 3. Diarrheal diseases 9.08
4. Chronic obstructive pulmonary disease 5.76 4. Trachea, bronchus, lung cancers 5.97 4. Malaria 7.47
5. Diarrheal diseases 4.33 5. Alzheimer and other dementias 4.22 5. Cerebrovascular disease 4.43
6. Other cardiovascular diseases 3.77 6. Lower respiratory infections 3.83 6. Tuberculosis 3.93
7. HIV/AIDS 3.12 7. Chronic obstructive pulmonary disease 3.58 7. Ischemic heart disease 3.70
8. Trachea, bronchus, lung cancers 2.44 8. Other malignant neoplasms 3.39 8. Prematurity and low birth weight 3.31
9. Tuberculosis 2.36 9. Colon and rectum cancers 3.31 9. Birth asphyxia and birth trauma 2.93
10. Road traffic accidents 212 10. Other digestive diseases 2.65 10. Other cardiovascular diseases 2.74
11. Hypertensive heart disease 2.03 11. Hypertensive heart disease 2.14 11. Neonatal infections and other conditions 2.52
12. Other unintentional injuries 2.01 12. Other respiratory diseases 2.13 12. Road traffic accidents 1.66
13. Other malignant neoplasms 1.88 13. Breast cancer 1.97 13. Other digestive diseases 1.64
14. Other digestive diseases 1.82 14. Nephritis and nephrosis 1.67 14. Meningitis 1.62
15. Prematurity and low birth weight 1.75 15. Pancreas cancer 1.63 15. Violence 1.60
16. Cirrhosis of the liver 1.49 16. Stomach cancer 1.57 16. Childhood-cluster diseases 1.38
17. Neonatal infections and other conditions 1.46 17. Self-inflicted injuries 1.52 17. Other unintentional injuries 1.35
18. Malaria 1.45 18. Prostate cancer 1.51 18. Other respiratory diseases 1.33
19. Self-inflicted injuries 1.37 19. Lymphomas, multiple myeloma 1.41 19. Chronic obstructive pulmonary disease 1.30
20. Birth asphyxia and birth trauma 1.37 20. Cirrhosis of the liver 1.41 20. Protein-energy malnutrition 1.05
All the other causes 29.82 All the other causes 22.64 All the other causes 22.94
Top 20 causes of death: Latin America, 2008 Top 20 causes of death: Eastern Asia, 2008 Top 20 causes of death: Southern Asia, 2008

1. Ischemic heart disease 11.47 1. Cerebrovascular disease 21.61 1. Ischemic heart disease 12.88
2. Cerebrovascular disease 7.96 2. Chronic obstructive pulmonary disease 12.88 2. Diarrheal diseases 9.54
3. Lower respiratory infections 5.16 3. Ischemic heart disease 10.79 3. Chronic obstructive pulmonary disease 8.21
4. Other cardiovascular diseases 5.07 4. Trachea, bronchus, lung cancers 4.81 4. Cerebrovascular disease 7.92
5. Violence 4.30 5. Liver cancer 3.93 5. Lower respiratory infections 7.82
6. Hypertensive heart disease 3.51 6. Stomach cancer 3.67 6. Tuberculosis 3.30
7. Other digestive diseases 3.44 7. Road traffic accidents 3.00 7. Neonatal infections and other conditions 2.91
8. Other malignant neoplasms 3.22 8. Other cardiovascular diseases 2.34 8. Prematurity and low birth weight 2.70
9. Chronic obstructive pulmonary disease 3.11 9. Hypertensive heart disease 2.24 9. Birth asphyxia and birth trauma 2.20
10. Road traffic accidents 3.06 10. Other unintentional injuries 2.13 10. Road traffic accidents 2.03
11. Other respiratory diseases 2.56 11. Esophagus cancer 2.13 11. Other unintentional injuries 2.01
12. Cirrhosis of the liver 2.46 12. Lower respiratory infections 2.08 12. Self-inflicted injuries 1.89
13. Nephritis and nephrosis 2.04 13. Self-inflicted injuries 1.81 13. Childhood-cluster diseases 1.87
14. Other unintentional injuries 1.99 14. Other malignant neoplasms 1.76 14. Cirrhosis of the liver 1.85
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i‘;j § ?_’ % E % g- é Table 3 presents the distribution of the 20 leading
o _§ causes of death by region of the world. The list of the 20
= leading causes of death in Africa highlights the double
3 8 burden of increasing communicable and NCDs in Africa
& ?? and contradicts the expectations of the epidemiological
i : anicabe and NCDs.with th formes decronsing and the
o el
§ ° o é latter increasing, the emerging pattern of disease in the
3 § @ % 2 ‘E African context is one of increasing co-occurring mor-
(j,:)' 5853 E bidities from communicable and NCDs. The prevalence
Ei % é_ :':j 2 " g of old, emerging, or re-emerging communicable diseases
g g _g § _%’ § § such as tuberculosis, malaria, and HIV have been stable
@ é S %’ g,’ " g g‘- or increasipg, whille the levels of NCDs such as diabetes
é’ e é E -§ % E ; have been' 1ncreas1ng' (50, ?1, 64, 91, 128, 138, 139).
S § §_ % g S % :,6, § ‘The third proposition is that th‘ere are age and sex
N TzZ00T g s differentials resulting from the epidemiological transi-
QlLeLer2®2Z o tion, with the transition usually favoring young over old
2 people (hypothesis 5) and mortality decline over time is
E, expected to be more advantageous to females than males
BINKITEBH| g (hypothesis 6). To test this proposition, we generate age-
TTTTT o FE é sex-specific estimates by calculating male-to-female mor-
§ tality ratios over the 1950-2010 periods, for infant, child
© > and adult mortality. We then evaluate changes over time
& @ in these ratios. To test hypothesis 5, falling trends in age-
-g 2 specific mortality rates are graphed on the same scale
<é L in Fig. 3 (for infant mortality), Fig. 4 (for USMR) and
% 2 o B 'g’.,_ Fig. 5 (for adult mortality). To test hypothesis 6, ratios of
& % % § g male to female of infant, child and adult mortality are
£ ; 58 2 2 presented in Table 4.
S| 22 2854%|s
°| 2 g % g g 2| & Infant mortality in African countries and regions over the
§ 2 g @ 23 g g last 60 years in comparative perspective
8| § §L 0w b R Figure 3 shows the changing trends of infant mortality
8 ;5 8 5 E g g o % rates across regions in Africa since 1950, in comparison to
§- 6N SSS % Bx other regions of Africa and the World. Infant mortality
S rates, often used as a key indicator of the well-being of a
2 population, have been uniformly higher in Africa than any
25y g8 ey § other continent of the world since World War II. Within
- - - p 113 the African continent, three patterns emerge. First, of the
5 five regions of Africa, infant mortality was highest in
% Western Africa from 1950 to 1955 through 1985-1990;
Q £ since then, middle Africa has had the highest infant
& 5 mortality rates in the continent. Second, infant mortality
B w " 5 rates were higher in northern Africa than SSA through
g g S g the 1960s. Third, infant mortality rates were consistently
<é § g o é lowest in southern Africa until the mid-1990s, when
§ o € § 5 northern Africa became the region of the continent with
=1 =2 '; g % the lowest infant mortality rates; AIDS-related deaths
Ei é 5 g CE Ll 2 triggered by mother-to-child transmission of HIV caused
) g g 0 S § ° § o infant mortality rates in southern Africa to rise between
§ 2| & 8 ® *E’ 8 -é 8 :é _ 1995-2000 and 2000-2005. There have also been huge
S 3| g R ° g E g differences in levels and trends in infant mortality rates
-l é £ g E g ° :10: s O across countries within Africa. South Africa had the
2 S| F hTaaog| £8 lowest infant mortality rates in 1950-1955 (96 deaths
Sleleenrsogz| 3 per 1,000 live births) and Burkina Faso the highest
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Fig. 3. Infant Mortality Rates for Africa and its regions, and other regions of the World, 1950-2010.

Fig. 4. Under Five Mortality Rates for Africa and its regions, and other regions of the World, 1950-2010.
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Fig. 5. Adult Mortality for Africa and its regions, and other regions of the World, 1950-2010.

(308 deaths per 1,000 live births). By 2005-2010 Mayotte
and Reunion had the lowest rates, at six deaths per 1,000
live births, while Chad had the highest, with 131 deaths
per 1,000 live births. Many African countries have
maintained unacceptably high levels of infant mortality
for over half a century and levels have stalled in a number
of countries since the 1990s.

A major premise of the epidemiological transition is
that mortality is the fundamental factor in population
dynamics. However, between 1950—1960 and 1990, ferti-
lity levels in Africa changed little, and by 1990 Africa
was the continent with the highest levels of fertility. In
2005-2010 total fertility rates in Africa were 4.88 children
per woman, compared to 6.6 children per woman in
1950-1955; the corresponding estimates for SSA were
5.39 for 2005-2010 and 6.53 for 1950-1955, therefore
situating sub-Saharan African fertility pattern using the
latest and best estimates from the United Nations still
at pre-transition levels (see Table 1). In 2005-2010, the
corresponding figures were 2.3 for Asia and 2.3 for Latin
America and the Caribbean. The timing of the onset and
the pace of any fertility decline have been quite variable
across Africa over the past 60 years, and in many
countries of middle Africa and western Africa signs of
a fertility decline did not start appearing until the 1990s.
The pace of fertility decline has been slower in SSA than
anywhere else in the world because of cultural, social, and

economic constraints that impact women’s reproductive
health negatively in general (66, 138).

USMR and adult mortality in African countries and
regions in comparative perspective

Figures 4 and 5 show the changes in levels and pace of
variations of USMR and adult mortality in Africa and its
individual regions in comparative perspective with other
regions of the world. The situation in Africa is quite
different from other regions of the world, where there is
unquestionable evidence of regular mortality reductions
over time in all regions (with the notable exception of
eastern Europe, where adult mortality rate rose from 247
in 1995-2000 to 258 in 2000—2005, a divergent trend from
the rest of Europe and developed world). In particular, as
is the case with the fertility patterns discussed above,
under-five and adult mortality patterns in sub-Saharan
African countries do not adhere to the standard demo-
graphic, epidemiological, or health transitions. There
are a variety of reasons for this. One is the widespread
presence of wars and other forms of social and political
unrest in the continent. A second is the emergence or
re-emergence of such infections as HIV/AIDS and
tuberculosis.

Perhaps the best way to observe the effect of wars and
other conflicts on mortality rates across Africa is to exa-
mine those rates on a more local level. Indeed, local sta-
tistics in conflict areas indicate that mortality reductions
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Tuble 4. Ratio of male to female (M/F) (per 100) of infant mortality rate (IMR), child mortality rate (CMR), and adult mortality rate (AMR) by major areas, African regions

and countries: 1970-2010

Ratio of M/F in the 1970s

Ratio of M/F in the 1980s

Ratio of M/F in the 1990s

Ratio of M/F in the 2000s

Regions and African countries IMR CMR AMR (a) IMR CMR AMR (b) IMR CMR AMR (c) IMR CMR AMR (d)
World 111 90 128 110 89 138 108 87 144 107 86 142
More developed regions 129 123 230 129 122 232 128 124 255 126 124 244
Less developed regions 111 89 114 110 88 127 107 87 132 107 86 132
Sub-Saharan Africa 116 103 115 117 104 115 117 103 106 118 103 100
Eastern Africa 115 116 103 98
Burundi 115 99 115 115 99 117 115 99 106 115 98 107
Comoros - - 117 - - 119 - - 116 - - 112
Djibouti - - 117 - - 119 - - 122 - - 115
Eritrea 123 110 112 123 109 114 123 107 121 123 104 122
Ethiopia 122 109 114 124 107 113 125 103 103 126 97 100
Kenya 112 110 124 116 109 125 120 108 108 124 107 101
Madagascar 107 99 110 116 103 113 126 107 111 136 109 116
Malawi 112 104 111 112 107 115 111 110 102 110 115 86
Mauritius 126 98 207 131 114 212 133 116 234 131 115 232
Mayotte - - 186 - - 210 - - 235 - - 263
Mozambique 117 98 114 114 102 114 111 106 113 108 110 102
Réunion - - 186 - - 210 - - 235 - - 263
Rwanda 114 112 115 113 110 117 112 108 104 111 105 110
Seychelles - - 207 - - 237 - - 264 - - 259
Somalia 116 108 114 116 108 115 116 108 117 116 107 117
South Sudan - - 112 - - 113 - - 111 - - 104
Uganda 106 114 115 112 115 118 119 116 96 126 117 92
Tanzania 112 109 117 112 106 117 111 103 102 111 99 97
Zambia 112 91 119 114 100 109 116 108 95 118 117 97
Zimbabwe 134 94 122 124 102 127 115 114 101 105 129 90
Middle Africa 114 115 111 110
Angola - - 113 - - 116 - - 112 - - 110
Cameroon 120 99 116 122 98 117 124 96 108 126 95 101
Central African Republic 113 99 119 114 101 123 114 103 109 115 105 104
Chad 115 108 110 116 105 112 118 102 106 119 99 103
Congo 119 95 118 119 94 119 119 95 105 119 95 105
DR Congo 106 112 114 106 112 114 106 112 114 106 112 116
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Table 4 (Continued)

Ratio of M/F in the 1970s

Ratio of M/F in the 1980s

Ratio of M/F in the 1990s

Ratio of M/F in the 2000s

Regions and African countries IMR CMR AMR (a) IMR CMR AMR (b) IMR CMR AMR (c) IMR CMR AMR (d)
Equatorial Guinea - - 114 - - 116 - - 112 - - 110
Gabon 137 109 118 137 107 122 137 103 114 137 103 102
Sao Tome and Principe - - 119 - - 126 - - 128 - - 133

Northern Africa 125 132 137 139
Algeria 104 82 112 109 96 121 114 107 123 119 132 123
Egypt 103 81 157 105 81 159 109 84 160 122 116 161
Libya 114 82 126 114 78 129 114 69 128 114 60 129
Morocco 112 88 113 116 95 120 120 96 124 125 98 126
Sudan 120 101 117 118 101 118 115 102 132 113 102 135
Tunisia 109 78 106 119 94 124 128 112 147 137 141 154
Western Sahara - - 114 - - 115 - - 117 - - 125
Southern Africa 133 151 115 94
Botswana 132 111 121 132 110 133 132 110 114 132 113 95
Lesotho 112 129 110 112 129 111 112 128 1083 112 128 96
Namibia 110 110 114 118 111 129 126 113 115 134 117 128
South Africa 126 105 135 124 112 154 122 120 117 119 129 94
Swaziland 127 95 116 127 94 115 127 93 105 127 97 90

Western Africa 111 110 106 103
Benin 115 102 128 114 98 129 113 94 118 111 88 112
Burkina Faso 120 111 116 115 104 114 111 98 120 106 92 103
Cape Verde - - 106 - - 132 - - 189 - - 207
Cote d’lvoire 128 110 118 125 108 122 126 108 101 127 107 105
Gambia - - 112 - - 113 - - 114 - - 114
Ghana 117 96 113 120 102 111 123 111 107 126 119 106
Guinea 111 96 111 113 98 111 116 99 97 118 100 108
Guinea-Bissau - - 117 - - 122 - - 113 - - 109
Liberia 1283 111 116 120 109 123 118 107 97 115 104 107
Mali 117 99 110 116 101 93 115 105 89 114 108 86
Mauritania 112 91 116 116 100 112 121 105 115 126 111 115
Niger 114 92 104 113 94 99 112 97 94 111 99 95
Nigeria 116 103 110 116 101 110 116 100 105 116 98 102
Senegal 117 97 112 117 101 120 118 106 118 119 113 117
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AMR (d)
08
103

Ratio of M/F in the 2000s
CMR
115
98

CMR AMR (c) IMR
115 106 112
102 103 125

Ratio of M/F in the 1990s

MR
114
125

AMR (b)
96
118

Ratio of M/F in the 1980s
CMR
115
104

AMR (2) IMR
o1 116
118 125

Ratio of M/F in the 1970s
CMR
107

IMR
125

Sierra Leone

Togo

Source: Author’s derivations from calculations based on online datasets from United Nations, Department of Economic and Social Affairs, Population Division (2013). World Population

Prospects: The 2012 Revision, DVD Edition. New York: United Nations.

Regions and African countries
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would certainly have been deeper in the absence of wars
in Africa.

The impact of wars is especially apparent in the data on
U5MR in eastern African and middle African countries.
In eastern Africa in the 1990-1995 period, five countries
experienced reversals in mortality trends due to rampant
wars: Rwanda, Burundi, Somalia, Zambia, and Uganda.
In middle Africa wars have spanned several periods, and
US5SMR has increased for more than 10 years in several
countries, notably Chad, Central African Republic,
Congo, and Democratic Republic of Congo. In western
Africa, wars reversed trends in U5SMR rate in Sierra
Leone, Liberia, and Cote d’Ivoire.

Similarly, AIDS has impacted and reversed trends
in both USMR and adult mortality in several countries
in southern Africa, eastern Africa, middle Africa, and
western Africa; in contrast, trends in mortality decline
among children and adults have been robust in northern
Africa (as well as the islands of Mauritius, Mayotte and
Reunion, which by all accounts are apart in terms of
population change and epidemiological landscapes from
the rest of Africa). Since the period 1995-2000, every
country in southern Africa (with the exception of
Namibia which has singled itself out as the sole southern
African country with a sustained decline in USMR over
time) has experienced increases in both USMR and adult
mortality due to the HIV/AIDS epidemic. These in-
creases have been huge and sustained for adult mortality
rates, with increases ranging from 25.9% in Namibia to
46.8% for Lesotho. South Africa has been particularly
affected, and it is the only southern African country that
has experienced continued increases in adult mortality
rates since the 1990s, jumping from 369 in 1995-2000 to
490 in 2000—2005 and 533 in 2005-2010. USMR rates for
the whole of southern Africa increased substantially from
66 per 1,000 live births in 1990-1995 to 73 in 1995-2000
and 79 in 2000-2005.

In Eastern Africa, AIDS led to a reversal in the trends of
decreasing mortality rates especially for adults. In middle
Africa, adult mortality rates increased between 1995-2000
and 2000-2005 in all countries but Congo and Democratic
Republic of Congo. The effects of AIDS on mortality rates
are most obvious in Cameroon and Gabon, neither of
which has been engaged in wars for decades: In Cameroon,
for example, USMR rate rose from 150 in 1985-1990 and
1990-1995 to 155 in 1995-2000 and 157 in 2000—2005 and
remained at 152 in 2005-2010, and adult mortality rate
increased from 370 in 1995-2000 to 412 in 20002005
and 413 in 2005-2010. In Gabon adult mortality rates
increased from 270 in 1995-2000 to 307 in 2000—2005 and
286 in 2005-2010.

On the other hand, since 2005 Africa has been
experiencing some of the largest decreases in USMR
ever seen anywhere. Many individual African countries
have experienced declines in their USMR rates, with most
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of these decreases having been 4.4% or more yearly, which
is the rate of decline needed to meet the Millennium
Development Goal of cutting by two-thirds the child-
mortality rate between 1990 and 2015. The striking
thing about the decreasing rates is how widespread they
have been, occurring in all countries and regions of the
continent.

These mortality situations and patterns are sharply
different from the historical situations experienced in
developed countries and are also in disconnect with the
patterns predicted by the standard demographic, epide-
miological, and health transition frameworks. Therefore,
hypothesis 5 is rejected.

In Table 4, we test the hypothesis that during the
epidemiological transition, mortality decline over time is
more advantageous to females than males (hypothesis 6).
The mortality rates considered refer to the infant mor-
tality rates (the probability of dying between birth and
exact age 1 year), the child mortality (the probability of
dying between exact ages 1 and 5 years), and the adult
mortality (the probability of dying between exact ages
15 and 50 years). Despite falls in mortality, sex mortality
differentials and male disadvantage has been noted
whereby boys tend to have higher mortality rates than
girls at early ages, leading to male-to-female mortality
ratios expected to be greater than 100. The sex ratio of
child mortality is generally lower than the sex ratio of
infant mortality. During the epidemiological transition,
it is expected that improvements in living conditions
will make infectious diseases recede as a cause of death.
On the one hand, as this occurs, perinatal and congenital
causes form an increasing share of total mortality among
infants; since newborn girls tend to be less vulnerable
to such perinatal conditions (including birth trauma,
intrauterine hypoxia and birth asphyxia, prematurity,
respiratory distress syndrome and neonatal tetanus) and
congenital anomalies, this will affect more boys than girls
and male-to-female mortality ratio will rise because of
this male disadvantage. On the other hand, external
causes more typically affecting boys, form an increasing
share of mortality for children between ages 1 and 5.
Hence, as overall levels of mortality fall, female advan-
tage in infant and child mortality would normally in-
crease assuming no sex-specific changes in the treatment
of children.

In Table 4, while there is little change over time in sex
ratio of infant mortality or child mortality in most
countries, excess female child mortality can be found
notably concentrated at various periods of time in Northern
Africa (Algeria, Egypt, Libya, Morocco and Tunisia),
Western Africa (Benin, Burkina Faso, Ghana, Guinea,
Mali, Niger and Senegal) and Middle Africa (Cameroon,
Congo). Previous studies have signaled sex differential
treatment in some of these countries but not in other (138).
There is also a relative stability of male to female adult

mortality ratios over time across countries, with notable
exceptions of high-HIV countries of Eastern Africa
(Malawi, Uganda, Tanzania, Zambia and Zimbabwe)
and Southern Africa (Botswana, Lesotho, South Africa
and Swaziland) where there is a consistent pattern of
excess female mortality in recent periods most likely due
to AIDS mortality. These results provide no evidence
consistent with the conjectures from the epidemiological
transition; hence, we reject hypothesis 6.

Testing the relevance of the health transition in Africa
All of the assessments above apply here. In the health
transition view, formal education in general and female
education notably is often cited as the most powerful
instrument that has been shown to accelerate social
changes enhancing health and improving life expectan-
cies. Concerning sex differentials, mortality decline over
time is expected to be more advantageous to females than
males. In Western countries, female age-specific mortality
risks shifted from being higher than those for the male
in age groups under 45 to lower risks than the male in
all age groups as life expectancy reached 60 or 70 years.
Since improvement in survival is expected to favor
females during the course of the epidemiological transi-
tion, sex differences favoring female populations in life
expectancies at birth, at age 15 and at age 60 suggest the
occurrence of health transition (hypothesis 7). These age-
specific sex differentials in life expectancy are used to
determine if there is any pattern of change consistent with
these predictions from the health transition perspective.

Life expectancy in African countries and regions over the
last 60 years in comparative perspective

There are four emerging patterns, as illustrated in Fig. 6
for both sexes combined to avoid clutter (separate figures
for males and females are available upon request). First,
life expectancy at birth has been consistently lower in
SSA than in Northern Africa for both males and females.
Second, among both sexes Western Africa had the lowest
life expectancy in Africa from 1950 to 1955 though the
mid-1980s, but since then Middle Africa has had the
lowest. Third, while Southern Africa was the region of
the African continent with the highest life expectancy at
birth from 1950 to 1955 through 1985-1990, life expec-
tancy at birth in this region declined by 6 years between
1990-1995 and 2005-2010; losses were more drastic for
females (13 years) than for males (8 years), which resulted
in a narrowing of the life expectancy gap between females
and males from 7 years in 1990-1995 to only 2 years in
2005-2010. Fourth, Eastern Africa experienced a 1-year
loss in life expectancy at birth between 1985-1990 and
1990-1995, which can be ascribed to a dramatic drop in
life expectancy in one country: The Rwanda genocide led
to a decline in life expectancy in Rwanda from 45 years in
19851990 to a historically low life expectancy of 24
years. This demonstrates how wars and civil conflicts — a
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Transition frameworks and population health patterns in Africa

Fig 6. Life Expectancy at Birth for Africa and its regions, and other regions of the World, 1950-2010.

fact of life in African countries since the independence
years in the 1960s — play a noticeable role in mortality
patterns and life expectancy prospects in the continent
and in SSA in particular.

Table 5 present the sex differentials in life expectancies
at birth, at age 15 and at age 60 from 19501955 to 2005—
2010, at four distinct periods of time, to capture possible
period effects in these differentials.

Just as the reasons for health improvements represent
an important area of investigation in health transition
research, so do sex differentials in life expectancies. The
epidemiological and health transitions suppose that
because infants and children of both genders, adolescents
and young adult women were at greatest risk of premature
death from infectious diseases during the pre-transitional
period, reduction in the incidence of these conditions will
result in an improvement in life expectancy, initially due to
early reduction of infant and maternal mortality. A
number of findings emerge from Table 5. There is female
advantage in life expectancy at birth and at age 15 in all
major regions considered and in all African countries
with the exception of Malawi, Zimbabwe, Botswana,
Swaziland and Mali in 2005-2010. One plausible expla-
nation is the excess female AIDS-related mortality or
harmful reproductive practices for female children and
adolescent girls in these countries (66, 138). Deleterious
reproductive health practices or differential treatment may
also account for the female disadvantage in life expec-
tancy at ages 15 and 60 for Benin, Mali and Sierra Leone

in earlier periods than the 1990s and beyond when the
possibility of AIDS-reducing life expectancy cannot be
ruled out in some African countries with high HIV infec-
tion rates. Finally, there is robust female advantage in life
expectancy at age 60 for all regions and countries over
time, but Sierra Leone up to the 1980—-1985 period. Overall,
there are some inconsistent patterns for a handful of coun-
tries, but a general female advantage in life expectancy at
birth, at age 15 and age 60 for the vast majority of countries.

In Table 6, the patterns of trends in total fertility and
life expectancies between 1950-1955 and 2005-2010 for
African regions (and SSA notably) are compared with the
other world regions.

With respect to fertility trends, it is obvious that
‘African exceptionalism’ is undeniable in the sense that
fertility decline has been slowest in SSA and its regions,
compared to the rest of regions.

People around the world, including all its major re-
gions, continents, and countries, have enjoyed significant
increases in life expectancies over the last 60 years. This
has largely been the result of medical advances directed
against infectious and parasitic diseases in developing
countries along with the cardiovascular revolution in
the developed world, which together have been pushing
forward the threshold conjectured by Omran’s epidemio-
logical transition. Table 6 demonstrates that the excep-
tion is Africa (and SSA in particular), which had a life
expectancy at birth of less than 40 years in 19501955 and
has ever since had the world’s lowest life expectancy.
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Tuble 5. Sex differential (female—male) in life expectancy at birth, at age 15 and at age 60 by major areas, African regions and countries: 1950-2010

F-M in 1950-1955

F-M in 1980-1985

F—M in the 1990-1995

F-M in 2005-2010

Maijor areas, African regions and countries e(0) e(15) e(60) e(0) e(15) e(60) e(0) e(15) e(60) e(0) e(15) e(60)
World 2.00 3.07 2.02 4.53 4.73 3.05 4.63 4.85 3.15 4.48 4.58 2.98
More developed regions 5.10 4.53 2.50 7.52 7.23 4.21 7.78 7.57 4.31 7.04 6.93 3.95
Less developed regions 0.76 1.83 1.43 3.22 3.32 2.05 3.40 3.56 2.23 3.57 3.63 2.29
Sub-Saharan Africa 2.54 2.09 0.96 3.03 2.57 1.24 2.88 2.37 1.29 1.78 1.22 1.33
Africa 2.34 2.26 1.05 3.16 2.79 1.46 3.07 2.63 1.53 2.15 1.68 1.57
Eastern Africa 2.80 2.31 1.01 3.13 2.60 1.13 2.82 2.21 1.19 1.91 1.07 1.37
Burundi 3.13 2.50 1.05 3.53 2.76 1.18 3.02 2.31 1.13 2.97 2.02 1.21
Comoros 2.50 2.07 1.23 4.00 2.93 1.66 3.67 2.81 1.65 2.67 2.35 1.56
Djibouti 2.66 2.27 0.97 3.09 2.57 1.12 3.25 2.83 1.15 2.94 2.40 1.19
Eritrea 3.96 2.60 2.42 3.99 2.77 2.44 4.47 3.65 2.75 4.62 4.37 3.30
Ethiopia 2.59 2.18 0.91 2.90 2.41 1.04 2.64 2.09 1.10 2.24 1.36 1.21
Kenya 3.63 2.78 1.18 3.75 2.93 1.25 3.61 2.80 1.35 2.43 1.39 1.41
Madagascar 2.03 1.47 0.53 2.07 2.12 0.97 2.60 2.35 1.05 2.85 2.27 1.22
Malawi 0.92 1.22 0.52 2.00 2.10 0.97 2.18 2.01 1.20 —0.03 —0.53 1.77
Mauritius 2.47 3.16 2.92 7.30 712 4.49 7.42 7.14 4.15 6.86 6.71 3.90
Mayotte 5.68 6.21 4.40 8.09 7.80 4.22 7.92 7.70 4.20 7.40 7.28 4.14
Mozambique 2.40 2.05 0.85 3.10 2.51 1.07 2.99 2.48 1.07 2.25 1.09 1.51
Réunion 5.68 6.21 4.40 8.09 7.80 4.22 7.92 7.70 4.20 7.40 7.28 4.14
Rwanda 3.13 2.51 1.06 3.28 2.87 1.13 3.37 2.29 1.07 2.59 2.02 1.16
Seychelles 4.43 4.18 1.62 7.90 7.38 3.92 10.04 9.62 5.16 9.22 8.81 4.81
Somalia 2.96 2.37 0.98 3.09 2.51 1.07 3.04 2.54 1.09 3.15 2.63 1.16
South Sudan 2.73 2.21 0.90 2.82 2.34 0.99 2.76 2.30 1.04 1.99 1.46 1.07
Uganda 3.13 2.51 1.06 3.13 2.66 1.11 2.40 1.81 1.10 1.06 0.06 1.16
Tanzania 3.34 2.63 1.11 3.24 2.66 1.15 2.87 2.14 1.26 1.62 0.83 1.29
Zambia 3.00 2.45 1.05 3.39 2.89 1.22 1.20 0.39 1.14 1.26 0.59 1.14
Zimbabwe 3.10 2.56 1.12 3.71 2.97 1.26 3.06 2.51 1.63 —1.03 —1.99 1.72
Middle Africa 3.12 2.53 1.07 2.92 2.45 1.05 3.07 2.50 1.12 2.79 2.11 1.15
Angola 2.88 2.35 0.97 2.93 2.40 1.02 3.86 2.89 1.24 2.83 2.16 1.15
Cameroon 2.66 2.25 0.96 3.07 2.57 1.12 2.93 2.42 1.12 1.86 1.15 1.12
Central African Republic 2.88 2.33 0.97 4.94 3.63 1.38 4.49 3.31 1.58 3.32 1.67 1.52
Chad 5.50 3.74 1.52 2.23 2.10 0.91 2.33 2.02 1.02 1.48 1.24 0.98
Congo 1.79 1.83 0.81 2.98 2.59 1.10 3.08 2.29 1.26 2.51 1.73 1.19
DR Congo 2.82 2.34 0.99 2.83 2.38 1.03 2.85 2.41 1.05 3.31 2.65 1.16
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Tuble 5 (Continued)

F-M in 1950-1955 F-M in 1980-1985 F—M in the 1990-1995 F—-M in 2005-2010
Major areas, African regions and countries e(0) e(15) e(60) e(0) e(15) e(60) e(0) e(15) e(60) e(0) e(15) e(60)
Equatorial Guinea 2.98 2.39 0.99 3.34 2.70 1.12 3.19 2.55 1.13 2.66 2.05 1.16
Gabon 3.08 2.48 1.04 3.19 2.63 1.14 3.00 2.44 1.16 2.10 1.46 1.20
Sao Tome and Principe 2.89 2.41 1.04 3.68 2.91 1.26 3.64 2.89 1.26 3.80 2.98 1.31
Northern Africa 1.88 3.44 1.75 3.75 3.69 217 4.03 3.76 2.23 3.95 3.66 2.25
Algeria 1.25 1.59 0.77 2.93 2.70 1.61 3.20 2.82 1.78 3.08 2.73 1.85
Egypt 1.04 5.25 2.80 4.53 4.97 2.84 4.79 4.74 2.72 4.65 4.44 2.68
Libya 2.25 0.92 0.26 3.63 3.11 1.76 3.36 3.00 1.86 3.81 3.64 2.82
Morocco 3.43 2.75 1.20 3.05 2.73 1.58 3.40 2.92 1.79 3.40 2.91 1.89
Sudan 2.84 2.39 1.03 2.93 2.48 1.08 3.13 2.78 1.15 3.46 3.16 1.16
Tunisia 2.13 1.31 0.31 3.15 2.61 1.85 4.59 4.20 3.07 4.74 4.72 3.47
Western Sahara 3.09 2.33 1.24 3.26 2.55 1.55 3.30 2.66 1.64 3.83 3.03 1.85
Southern Africa 2.23 1.75 2.13 6.56 5.61 3.43 6.82 6.00 3.90 2.40 1.39 4.07
Botswana 3.90 2.90 1.58 4.15 3.18 1.79 5.19 4.51 2.52 —0.31 —1.06 3.40
Lesotho 2.63 2.16 1.27 2.60 2.26 1.49 2.91 2.52 1.65 0.49 —0.47 1.71
Namibia 4.60 3.20 1.59 4.56 3.32 1.82 4.83 3.49 1.99 5.65 4.59 2.39
South Africa 2.00 1.56 2.21 6.90 5.89 3.68 7.21 6.35 4.19 2.58 1.55 4.32
Swaziland 4.00 2.88 1.49 3.88 2.92 1.69 2.94 2.33 1.67 —0.51 —1.56 1.79
Western Africa 2.13 1.75 0.56 2.26 1.87 0.87 217 1.79 0.86 1.01 0.93 0.62
Benin 0.30 —-1.29 —0.49 6.42 4.38 1.71 4.58 2.46 1.28 2.74 1.97 1.1
Burkina Faso 1.98 2.74 0.85 2.36 2.32 1.1 2.36 2.28 1.07 1.16 1.02 0.72
Cape Verde 2.21 2.08 1.33 2.54 2.30 1.57 6.80 4.67 2.40 7.89 6.50 4.30
Céte d’lvoire 1.84 1.88 0.80 4.01 3.01 1.27 3.86 2.94 1.25 1.54 1.07 0.52
Gambia 2.35 1.89 0.53 2.56 2.06 0.95 2.57 2.11 1.04 2.55 2.18 1.14
Ghana 0.49 0.88 0.41 2.34 1.99 1.00 2.32 2.04 1.11 1.71 1.41 0.91
Guinea 2.26 1.76 0.54 2.40 2.01 0.89 1.47 1.12 0.80 1.37 1.51 0.87
Guinea-Bissau 1.93 1.62 0.63 3.84 2.84 1.20 4.40 3.23 1.42 2.88 1.66 0.93
Liberia 5.17 3.49 1.12 3.70 2.68 1.18 4.01 3.09 1.35 1.74 1.45 0.89
Mali 1.41 1.88 0.48 1.72 1.59 0.76 —0.29 —0.80 0.08 —0.43 —0.88 0.09
Mauritania 0.18 0.69 0.27 2.66 2.13 1.15 2.73 2.09 1.20 2,97 2.20 1.29
Niger —0.12 0.47 0.12 0.21 0.46 0.40 0.52 0.51 0.55 0.17 0.22 0.49
Nigeria 2.65 1.97 0.63 2.09 1.75 0.81 2.07 1.74 0.81 0.58 0.57 0.41
Senegal 1.30 1.26 0.40 2.73 2.38 1.15 3.20 2.71 1.41 2.82 2.37 1.33
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(Continued)

5

Table

H
(+2)

F-M in 1980-1985 F-M in the 1990-1995 F-M in 2005-2010

F-M in 1950-1955

e(60) e(0) e(15) e(60) e(0) e(15) e(60) e(0) e(15) e(60)
0.43
3.67

e(15)

e(0)

Major areas, African regions and countries

0.01
0.65

—0.17

0.30
1.46

0.57 0.10
0.73

0.95

48

—0.35 1.

—1.15

—0.24 —0.19

3.49
1.63

Sierra Leone

Togo

0.97

1.36 1.73

2.88

0.46

1.43

Source: Author’s calculations based on online datasets from United Nations, Department of Economic and Social Affairs, Population Division (2013). World Population Prospects: The 2012

Revision, DVD Edition. New York: United Nations.

Notes: e(0)

life expectancy at age 60 (in years).

life expectancy at birth (in years); e(15) = life expectancy at age 15 (in years); e(60)

In fact, the health disparities in terms of life expectancy
have remained or have widened consistently over the last
60 years between sub-Saharan African regions and all
the other regions of the world, with respect to gap in life
expectancy at birth, at age 15 and at age 60. Moreover,
whereas all other of the world’s regions have enjoyed
uninterrupted increases in life expectancy, SSA and its
regions and countries had a peak in life expectancy in
the early 1990s and by 2010 some sub-Saharan African
countries, such as Zimbabwe, were experiencing pre-
1950 life expectancy levels. The stagnation in gains and
reversals in trends in life expectancy for sub-Saharan
African countries in the 1990s mainly reflect increasing
mortality from HIV/AIDS. The consistent evidence from
Table 6 points towards movements away from predicted
trajectories of life expectancies and fertility rates inferred
by the demographic, epidemiological or health transitions
as predictive models for describing the historical experi-
ences of population health change in African regions and
countries over the past 60 years.

Discussion

The demographic transition and epidemiological transi-
tion are compelling frameworks which have provided an
accurate description of historical experiences regarding
the secular declines in mortality and fertility and the
associated changes in patterns of disease and causes of
death through the 1950s in today’s developed countries.
New forms of demographic change (88, 89) and epide-
miological landscape (84, 85) have emerged in the
developed world around the 1960s and 1970s, and new
population and health developments have been occurring
in less developed countries too (1216, 29, 45, 58, 6670,
74, 80, 140). The extent to which these historical expe-
riences from developed countries and predictions derived
from them could inform the demographic and epidemio-
logical changes in developing countries have been called
into question from the beginning, and remains an em-
pirical question to which this study has provided a sys-
tematic answer.

This study has shown that the demographic, epide-
miological, and health landscapes of the African con-
tinent are significantly different from those experienced
by the now-developed countries of Europe and North
America during their demographic and epidemiological
transitions. The evidence clearly shows that, with the
notable exception of island African countries such as
Mauritius and probably some northern African nations,
over the past 60 years African countries have not em-
barked on any evidence-based shift from one epidemio-
logical regime to another and have not seen demographic
changes and health improvements, as would be predicted
from the demographic, epidemiological, and health tran-
sition frameworks or from the global trends when they are
compared to other developing countries outside of Africa.
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Tuble 6. Global context of patterns of trends in total fertility (TF) and life expectancy at birth (e(0)), at age 15 (e(15)) and age 60 (e(60)) in Africa

TF: 1950-55 TF: 2005-10 e(0): 1950-55 e(0): 2005-10 e(15): 1950-55 e(15): 2005-10 e(60) 1950-55  e(60): 2005-10

Major regions (@) (b) (@) (b) (© @ (© (d) (© (@ () (d) (© @ () (@
World 4.97 157 253 2.86 4691 —1069 6872 —1578 46.94 —6.08 5880 —11.31 1416 —214 1973 —4.27
More developed regions  2.83 3.70 1.66 3.73 64.67 —2844 7690 —2396 5565 —1479 62.60 —15.11 16.84 —4.83 2207 —6.61
Less developed regions  6.08 045 2.69 2.70  41.62 —540 66.96 —14.02 42.97 —211 57.43 —-994 1235 —0.34 1854 —3.08

Sub — Saharan Africa 6.53 - 5.39 - 36.23 - 52.94 - 40.86 - 47.49 - 12.01 - 15.46 -
Africa 6.60 —0.06 4.88 0.51 37.38 —-1.15 5555 —261 4243 —1.57 49.56 —208 1252 —051 1598 —0.52
Eastern Africa 701 —048 5.38 0.01 37.03 —0.80 55.85 —291 41.98 —1.12  48.80 —1.31 1275 —0.74 17.02 —1.56
Middle Africa 5.99 054 6.17 —0.78 36.77 —0.54 4953 3.42  41.96 —1.09 47.54 —0.05 1279 —0.78 1542 0.04
Northern Africa 6.81 —027 3.07 2.32 4236 —6.13 68.32 —15.37 49.00 —814 57.32 —9.83 1466 —2.65 1756 —2.10
Southern Africa 6.28 025 2.64 2.75 44.74 —852 51.89 1.05  40.91 —0.05 42.06 543 11.75 0.26 15.26 0.20
Western Africa 6.35 0.18 573 —0.34 33.75 248 5232 0.62 39.56 131 47.77 —0.28 11.19 0.82 14.06 1.40
Asia 5.83 0.71 225 3.14 4224 —6.02 7028 —17.34 42.96 —210 59.16 —1167 1227 —026 1912 —3.66
Eastern Asia 5.60 0.93 1.61 3.78 46.21 —999 7552 —2258 44.19 —3.33 6224 —1475 11.62 0.39 2065 —5.19
South-Central Asia 6.02 051 272 2.67 37.43 —1.21 6553 —1259 40.62 024 55.70 —-821 1268 —066 17.04 —1.58
Central Asia 5.23 1.30 2.67 272 5451 —1829 66.28 —13.34 5145 —1059 55.48 —7.99 1528 —3.27 1717 —1.71
Southern Asia 6.05 048 272 2.67 36.98 —0.75 6551 —1256 40.27 0.59 55.70 —-821 1255 —053 17.04 —1.58
South-Eastern Asia 5.92 062 2.35 3.04 4398 —7.76 70.34 —17.39 45.01 —415 5823 —10.74 1395 —193 1868 —3.22
Western Asia 6.32 022 292 247  42.61 —6.38 7224 —19.30 47.20 —-6.33 60.13 —1265 1410 —2.08 1933 —3.87
Europe 2.67 3.87 154 3.85 6359 —27.36 7528 —22.34 5571 —1485 61.01 —1352 1679 —477 2108 —5.62
Eastern Europe 2.91 3.63 1.41 398 60.33 —2411 6952 —16.58 54.46 —13.60 55.55 —806 1654 —453 1799 —2.53
Northern Europe 2.32 421  1.86 353 6876 —3254 7911 —26.17 57.07 —16.21 6462 —17.13 1699 —497 2265 —7.19
Southern Europe 2.68 3.86 1.43 396 6345 —27.22 79.92 —2698 5592 —1506 6548 —18.00 16.73 —4.72 2315 —7.69
Western Europe 2.39 415 1.64 3.75 67.72 —3150 8021 —27.27 5676 —1590 6566 —18.17 1695 —4.94 2346 —8.00
Latin America & Caribbean  5.86 0.67 2.30 3.09 51.37 —1514 7345 —20.51 49.62 —876 60.86 —1337 1536 —3.35 2127 —581
Caribbean 5.27 127 2.37 3.02 5205 —1583 7122 —18.28 50.21 —9.35 6006 —1257 1557 —355 21.05 —559
Central America 6.73 —0.20 2.56 2.83 4913 1291 7526 —22.32 48.49 —7.63 6242 —1493 1527 —326 2200 —6.54
South America 5.66 0.87 2.19 320 5210 —1587 73.03 —20.09 49.92 —9.06 6042 —1293 1537 —3.36 21.06 —5.60
Northern America 3.35 3.18 2.02 337 6859 —3236 7836 —2542 5654 —1568 64.08 —16.59 17.44 —542 2288 —7.42
Oceania 3.84 2.70 2.47 292 6044 —2422 7684 —2390 5249 —11.63 6436 —16.87 1635 —4.33 2333 _7.87

Source: Author’s calculations using online databases from United Nations, Department of Economic and Social Affairs, Population Division (2013). World Population Prospects: The 2012
Revision, DVD Edition. New York: United Nations.
Notes: SSA = sub-Saharan Africa; (a) = total fertility (TF); (b) = TF(SSA) — TF(Region); (c) = life expectancy (e); (d) = e(SSA) — e(Region).
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Instead, the expected steady improvement in health and
disease prevention has been short-circuited by PI, a lack
of social consciousness, and health-care systems that are
too ill-prepared and underfunded to deal effectively with
the challenges of increasingly co-occurring communicable
and NCDs in national populations. It seems certain that
the epidemiological and demographic changes in Africa
over the past six decades would have been completely
different — and with a better outlook — if there had been
60 years of continuous social and political stability.

Africa is a continent of uncertainties, emergencies, and
humanitarian crises against a backdrop of cultural, eco-
nomic, political and geographic diversities, a situation
that has created inertia in population and health devel-
opment. As a consequence, the health and disease pat-
terns in much of the continent remain characterized by
the predominance of communicable diseases, with 65% of
all deaths caused by diseases amenable to interventions.
The 1990s saw losses in life expectancy for many national
populations in Southern and Eastern Africa, and there
is mounting evidence indicating that Middle Africa
may undergo a similar course, triggered by the spread
of the HIV/AIDS epidemic (141-145). The resulting
interruptions in life expectancy improvements in many
African countries are unprecedented in human history.

Before the 1970s, there were almost no examples of
long-term reversals in mortality, with the obvious excep-
tions of those caused by war and famine. Reflecting this,
many of the classic analyses of the 1970s that examined
long-term demographic and epidemiological trends con-
cluded that while further significant gains in longevity in
countries with low mortality were unlikely, death rates
in countries with the high mortality typical of African
countries would fall, resulting in a worldwide convergence
in mortality (2, 146). However, since the 1990s all five
countries of Southern Africa, three countries in Middle
Africa (Cameroon, Central African Republic and Chad),
Burundi and Kenya in Eastern Africa, Cote d’Ivoire in
West Africa, and several countries of Eastern Europe
have experienced reversals in mortality trends and losses
in life expectancy at birth. Most recently, from 1995
onwards, the mortality patterns has become much more
diffuse, with several countries in Southern Africa, East-
ern Africa, and Middle Africa experiencing stagnation or
deceleration in improvements in life expectancy and
declines in life expectancy at birth. These reversals have
occurred in a context of pervasive civil wars and social
unrest, PI, substandard public expenditures on health,
precarious socioeconomic conditions for large percen-
tages of the population who are mainly employed in the
informal sector with no social security, the HIV/AIDS
epidemic and its co-morbidities, an increasing prevalence
of infectious diseases, and raging food insecurity in this
historically agricultural continent.

By and large, the conjectured linkages between mor-
tality, fertility, and population growth find little empirical
support in much of Africa, calling into question the
basic premise of the transition approach embodied in
the demographic, epidemiological, and health transition
models. Despite signs of an onset of fertility decline in a
handful of African countries (39, 68, 147-149), the
widening gap between fertility and mortality patterns
within and across countries combined with the enduring
prevalence of infectious diseases in the continent sug-
gests that a new and different perspective is needed for
understanding health and disease trends in Africa.

The lack of available and adequate historical epidemio-
logical data on disease, morbidity and mortality by cause
of death and the influences on them remain a major
obstacle for analyzing health and disease patterns in
Africa. The cause-of-death data in Africa remain very
scarce, and there is an urgent need for collecting and
analyzing such data. The relative weightings of the various
sources of morbidity and mortality and the ways in which
these change over time have great significance for the
planning and provision of health and other human
services. The lack of suitable longitudinal data on health
and disease patterns is probably the major limiting factor
for local and national studies for many African countries.

Our study indicates that, given that most populations in
Africa live under continuous co-occurrence of infectious
and non-infectious diseases origin with various degrees of
chronicity, any useful study of the health and disease
patterns in Africa will be theoretically, programmatically,
and empirically limited unless morbidity and mortality
are linked within a health and disease continuum frame-
work. This is an area that deserves future research.
In those African countries for which studies have been
carried out, the disease and mortality patterns indicate
that both morbidity and mortality have been rising over
time for major diseases often occurring concurrently
(44, 50, 51, 140). With an increasing dual burden of
disease in SSA, our understanding of the associations
between diseases will become of increased public health
importance. Research is also needed to develop effective
approaches to reducing the frequency and health impact
of the co-morbidities.

Conclusion
Empirical evidence from 57 African countries substanti-
ates that existing transition frameworks are not adequate
for describing the patterns of demographic, epidemiolo-
gical and health changes which have taken place in Africa
over the last 60 years and beyond, nor are they predictive
models of concurrent trajectories of population health
resulting from historical and contemporary forces of
change in the continent.

Prevailing frameworks of demographic, epidemiologi-
cal, and health transitions as descriptive and explanatory
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tools are beyond reasonable doubt incomplete or irrele-
vant in the African context on conceptual, methodologi-
cal, empirical, and policy grounds. Charting the course
of health and disease patterns in African countries and
regions through functional systems of continuous and
sustainable national and local data collection enterprises
will significantly reduce the burden of disease in these
countries and will undoubtedly narrow the health and
economic gap between the developed and developing
worlds as well as among African regions and countries.

Omran (10, 11) acknowledged that the dynamics of the
Western transition were closely related to the unique
historical and circumstantial experience of the industrial
and social revolution in the West during the last three
centuries, and may not automatically be transferable to
less developed countries. Despite substantial uncertainty
about the extent of changes in levels and differentials
in mortality statistics and patterns of causes of death
prevailing in various groups of regional or national popu-
lations studied, it is obvious that population and health
changes in Africa have so far deviated from the demo-
graphic, epidemiological and health transitions.

Main findings

o For research, planning and policy purposes,
empirical evidence spanning at least the past 60
years substantiates that the demographic, epide-
miological and health transition frameworks
are inadequate for establishing a comprehensive
representation of past and current situations at
the regional, national and sub-national levels in
the African context.

o Regional and national patterns of changes in
mortality, fertility, population growth, and cause
of death structure in Africa and other regions of
the world between 1950 and 2010, highlight that
many African countries distinctively undergo
uncharted paths compared to historical experi-
ences of Europe and North America.

e The demographic transition, epidemiological
transition and health transition are irrelevant
for predicting how demographic and epidemio-
logical changes will play out across and within
African countries and regions where changing
contexts of health, disease and mortality patterns
are embedded in significant uncertainties.

Key messages for action

e Upon scrutiny of the concepts of demographic
transition, epidemiological transition and health
transition, these concepts may not be used syn-
onymously. There are significant differences
between them regarding their level of specificity

Transition frameworks and population health patterns in Africa

and generalizability, their descriptive and expla-
natory dimensions, their prognostic implications
and their empirical soundness in low- and mid-
dle-income countries.

e Model-based estimates of health, disease and
mortality statistics for African countries are at
best conjectural in the vast majority of African
societies where vital events, health conditions,
disabilities, accidents and their risk factors are
undetected. Limited data available to health plan-
ners to better pinpoint and address these pro-
blems often emanate from small-scale rural sites
or are poorly recorded or preserved. National
governments, the World Health Organization
and pertinent United Nations agencies, the World
Bank, international foundations, funding agen-
cies along with researchers, should move from
ceaseless pious vows to concerted actions aligned
to resources in order to collect nationally repre-
sentative data on measures of health and disease
burden as well as their risk factors in Africa for
research, planning and policy.

e A new perspective embodying broadly suitable
theoretical guidance is needed. Such perspec-
tive will be used to organize data collection, to
develop models of demographic and epidemio-
logical changes that can serve as a basis of
hypotheses to be tested, and to inform a well-
grounded understanding of how demographic
and epidemiological profiles have changed or
can be expected to change in the future. Such
understanding will help the institutional capa-
city development as well as the planning and
development of health systems and health
policies in typically heterogeneous African so-
cieties.
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Background: Epidemiological transition (ET) theory, first postulated in 1971, has developed alongside changes
in population structures over time. However, understandings of mortality transitions and associated epide-
miological changes remain poorly defined for public health practitioners. Here, we review the concept
and development of ET theory, contextualising this in empirical evidence, which variously supports and
contradicts the original theoretical propositions.

Design: A Medline literature search covering publications over four decades, from 1971 to 2013, was conducted.
Studies were included if they assessed human populations, were original articles, focused on mortality and
health or demographic or ET and were in English. The reference lists of the selected articles were checked for
additional sources.

Results: We found that there were changes in emphasis in the research field over the four decades. There was
an increasing tendency to study wide-ranging aspects of the determinants of mortality, including risk factors,
lifestyle changes, socio-economics, and macro factors such as climate change. Research on ET has focused
increasingly on low- and middle-income countries rather than industrialised countries, despite its origins in
industrialised countries. Countries have experienced different levels of progress in ET in terms of time, pace,
and underlying mechanisms. Elements of ET are described for many countries, but observed transitions have
not always followed pathways described in the original theory.

Conclusions: The classic ET theory largely neglected the critical role of social determinants, being largely a
theoretical generalisation of mortality experience in some countries. This review shows increasing interest in ET
all over the world but only partial concordance between established theory and empirical evidence. Empirical
evidence suggests that some unconsidered aspects of social determinants contributed to deviations from classic
theoretical pathways. A better-constructed, revised ET theory, with a stronger basis in evidence, is needed.
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hanges in mortality patterns and increases in
life expectancy, with subsequent impacts on pop-
ulation, have been documented in industrialised
countries since the 19th century. Early studies on popula-
tion change over time were overviewed from a demographic
rather than epidemiological perspective (1), including
Thompson’s early work observing changes in fertility
and mortality rates in populations (2). Landry introduced
the term ‘demographic transition’ in describing secular

changes in fertility and mortality in 1934, later reprinted in
English (3). This idea was further developed in association
with socio-economic development (4). In 1971, Omran
proposed a theory of ‘epidemiological transition (ET)’,
which grew out of the demographic transition model and
incorporated more detailed consideration of particular
diseases as causes of death. He particularly based this on
mortality changes in England, Wales, Japan, and Sweden
during the 19th century (5).
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This ET theory, in five propositions, describes changing
population patterns in terms of fertility, life expectancy,
mortality, and leading causes of death (5). The first pro-
position states that mortality is an important aspect of
population dynamics. The second proposition describes
changes in disease and mortality patterns, as ‘pandemics
of infectious disease are gradually shifted by degenerative
and man-made diseases as the leading cause of morbidity
and main cause of death’. The third proposition explains
that children and young women experience the most
profound impacts of ET, resulting in declining infant
and maternal mortality and reduced fertility rates. The
fourth proposition links long-term population changes in
health and disease patterns to demographic, economic,
and social determinants and mortality changes. The final
proposition outlines three basic variants of ET that
are functions of ‘peculiar variations in the pattern, the
pace, the determinants and the consequences of popula-
tion change’.

Omran proposed three stages of transition as under-
lying the changes in patterns of mortality and morbidity.
The first stage, ‘the age of pestilence and famine’, is
characterised by high and fluctuating mortality due to
epidemics, famines and war, and poor living conditions. In
this stage, a combination of high crude death rate, high
fertility rate, and low life expectancy at birth (between 20
and 40 years) results in slow population growth. The most
common causes of death are infectious and parasitic
diseases, especially among children and women of child-
bearing age. The second stage, ‘the age of receding
pandemics’, witnesses declining mortality rates, initially
high but later decreasing fertility, and life expectancy at
birth increasing to around 55 years. The major driving
forces in this stage of transition are sanitation improve-
ments, control of major outbreaks of infectious diseases,
and medical breakthroughs (including contraception).
While infectious diseases remain as major causes of
death, non-communicable diseases (NCDs) start to in-
crease steadily. The third stage, ‘the age of degenerative
and man-made disease’, is characterised by decreasing and
relatively stable low mortality and increasing life expec-
tancy at birth to over 70 years, manifesting in a population
that is ageing. In this stage, NCDs dominate causes of
death, with many deaths attributable to cardiac and
cerebrovascular ailments, chronic lung and metabolic
diseases, cancers, injuries, and stress-related disorders (5).

In 1983, Omran recognised the need to update his
theory to incorporate a more extended description of the
transition, as emerging analyses of transition patterns
based on historical data did not fit the original model
(6). Omran later acknowledged the presence of one and
possibly two additional stages to his original theory of
ET. He added the fourth stage as ‘the age of declin-
ing cerebrovascular mortality, ageing, lifestyle modifica-
tions and resurgent diseases’, during which life expectancy

continues to increase (up to 8085 years), and the mor-
tality attributed to cardiovascular diseases declines and
stabilises as a result of improved medical care and
lifestyle modifications. Omran’s fifth stage was charac-
terised by the emergence of new diseases (HIV/AIDS,
hepatitis) and re-emergence of old diseases (cholera, malaria,
diphtheria, tuberculosis, plague) (7), which were already
being described by others (8, 9). In his original fifth pro-
position, Omran proposed three basic variants of transi-
tion, but later added an additional model, similar to the
classic model but starting several decades later and passing
faster through the different stages of the transition (7).

Critiques on Omran

The applicability and universality of ET theory across
various places and contexts remain contentious (10-22).
Criticisms of ET theory as over-simplistic peaked in the
1990s on the basis that it failed to understand the com-
prehensive nature and historical sequence of mortality
transitions (10, 14—17, 22). A major critique of Omran’s
theory is the assumption that all countries will experience
similar linear progression of transitions with respect to
onset and speed. However, not all countries necessarily
encounter ET in the same way. Omran treated entire
populations as undifferentiated units; his conclusions
drawn from the mortality statistics of Sweden, England,
and Wales have been considered contestable; that the
theory ‘fails to grasp the global nature and the historical
sequence of the mortality transition as it spread’, and that
it is ‘insufficiently epidemiological in that its focus was
the changing causes of death rather than the changing
causes of patterns of illness’ (23). Mackenbach argued that
the ET theory is ambiguous because it was developed
based on Western data and it is difficult to ascertain the
beginning and end of the transition (20). In addition,
Frenk et al. (18) and Smallman-Raynor and Phillips (19)
challenged the assumptions of ET theory’s unidirectional
structure and continuous development, introducing the
concepts of counter transition and epidemiological polar-
isation. It was also suggested that ET was part of a
broader effort to reorient American and international
health institutions towards the pervasive population con-
trol agenda of the 1960s and 1970s rather than focusing on
the increasing burden of chronic disease (13).

The generalisability of ET theory has been doubted,
based on the great variations in mortality trends among
population subgroups (14, 21). Ruzicka and Kane exam-
ined inequalities in mortality and concluded that mortal-
ity patterns vary widely by race, sex, economic indicators,
and class, resulting in substantial ‘heterogeneity within
social class and within any other socio-cultural, demo-
graphic or economic category’. They criticised the ET
theory for the assumption that communities will gradually
progress to the point where they have virtually elimi-
nated infectious diseases as a major health threat (15).

Citation: Glob Health Action 2014, 7: 23574 - http://dx.doi.org/10.3402/gha.v7.23574 57


http://www.globalhealthaction.net/index.php/gha/article/view/23574
http://dx.doi.org/10.3402/gha.v7.23574

Alliana Santosa et al.

Gaylin and Kates determined the importance of morbid-
ity and mortality differences between population sub-
groups, using the HIV/AIDS pandemic as a case study,
and showed important inconsistencies with the optimistic,
equitable trends implied by ET theory, suggesting that the
modern picture may be more complex than the original
theory could predict (21).

Carolina and Gustavo examined the validity of ET
theory as an effective model in the interpretation of mor-
tality and morbidity changes, with reference to Mexico
and to low- and middle-income countries (LMICs) in
general. They found that the main theoretical problem
in using the ET theory related to a preference for
phenomenological descriptions rather than theoretical
explanations of the causal patterns of death and disease
and their links with the changes experienced in societies.
Interpretations using the ET theory were inevitably based
on scientific and social perspectives frozen at the time of
its use (17). The paradox was that researchers frequently
misunderstood ET theory as representing more or less
the same concept as Omran’s description of demographic
transition, casting it as a theory about changing disease
conditions progressing everywhere in a uniform and linear
manner. Despite his reliance on its main concepts, Omran
explicitly rejected demographic transition as a theoretical
framework, postulating that ET was formulated in an
attempt to provide a more comprehensive approach to the
dynamics of the mortality—fertility transition. In his view,
recent mortality declines in the developing world de-
pended not on economic development but on national
and international programs of health service provision
and environmental control. However, this viewpoint con-
trasted with the thesis of McKeown et al. that broad
population shifts in disease occurrence during transitions
to industrialised societies, from declines in infectious
disease to increases in NCDs, were due to improved nutri-
tion and increased exposure to ‘conditions for which we
are genetically ill-equipped’ (24). Preston pointed out that
mortality is not associated with economic growth and the
theory becomes weaker at very low levels of income (25).

In addressing the conceptual drawbacks of the theory,
the term ‘health transition’ was coined to incorporate
new elements into Omran’s theoretical assumptions
(10, 12). Health transition was described as ‘a dynamic
process whereby the health and disease patterns of a
society evolve in diverse ways as a response to broader
demographic, socio-economic, technological, political,
cultural and biological changes’, and divided into ET
(changes in health patterns) and health care transition
(the organised response to health conditions). Omran,
however, argued that the health transition is part of the
ET, not vice versa (6). The concept of ‘health transition’
was proposed as a wider framework that included not only
epidemiological characteristics but also the ways in which
societies responded to changing health situations as a

result of cultural, social, and behavioural determinants
(22, 23, 26, 27).

Clear understanding of mortality transition and its
implications is still hampered due to a lack of evidence
from LMICs (28). The lack of quality mortality data in
many parts of the world makes it difficult to understand
the generalisability of the theory globally, as well as
its interpretation. Changes in disease classifications over
time also limit the comparability of available data for
assembling a comprehensive pattern of mortality tran-
sition (29). The theory itself received relatively little
attention before the global incidence of NCDs increased
in the 1990s. An overview of how the ET theory has been
applied since its conception, and the identification of gaps
where it fails, are warranted.

Objectives

This paper intends to synthesise published evidence
on mortality transition, and, if possible, assess how ET
theory has been applied in understanding the transition
in specific contexts. More specifically, this paper aims
to answer the following questions: 1) What evidence on
mortality transition is available, who are the beneficiaries
during the transitions, and what are the social-economic
determinants that coexist with the ET?; 2) What exist-
ing evidence is available to illustrate changing patterns
of causes of death?; and 3) What deviations from the
classic ET theory have been observed, and do these reveal
emerging patterns?

Methods
We conducted a systematic review in PubMed using the
keywords ‘epidemiological transition (s) or epidemiologic
transition(s) or demographic transition(s) or health tran-
sition(s)” and ‘mortality’. We selected these keywords to
cover a wide range of transitions, including health and
demographic transitions that are related to ET. We in-
cluded only articles on human research, and published in
English between 1 January 1971 and 31 December 2013.
We obtained 547 articles, which were later screened by
reading their titles and abstracts. From this step, a total
of 324 articles were excluded (210 irrelevant papers and
114 reviews/commentaries/editorials). Review papers in-
cluding Omran’s and Caldwell’s conceptual papers were
excluded but used to provide framework in the ‘Discus-
sion section’. The full texts of remaining 223 articles were
searched and read through. From this step, we obtained
16 additional articles, not found in the original search,
from the reference lists of relevant studies and review
articles. We could not obtain full text for 29 papers.
Therefore, only a total of 210 articles were included for
full text review in the second step. All citations were saved
in the PubMed database and imported into the EndNote
X6 database. All full-text articles were reviewed by two of
the authors for inclusion in the study. Uncertainties over
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study inclusion were discussed between the researchers
and resolved through consensus. Another 74 papers
were further excluded after reading the full text, mainly
because of insufficient mortality data (n =23), observa-
tional studies assessing risk factors and outcomes in
a defined population (n=17), and papers not directly
relevant to this study (n =34). A final 136 articles were
included in the review. Details of this literature search are
summarised in Fig. 1.

Results

Of the 136 articles, 112 articles were performed in single
countries, and the other 24 articles were conducted in
multiple countries in which some of multi-countries stud-
ies used the Global Burden of Disease models. Seventy-
five out of the 136 articles (55%) used individual-level
data, and the remaining 45% used ecological data. Fifty
papers (37%) used historical data before Omran’s theory
was postulated in 1970, and the remaining 63% focused
more on contemporary society after 1970. Seventy-nine
of the articles (58%) reported time trends in outcome
indicators, while the remaining 42% reported cross-
sectional observations.

The main outcome indicator used in most studies was
mortality rate (either total, sex specific, age specific, and/
or cause specific), which was used in 117 articles (87%).
The remaining 13% articles used absolute number or
proportion of deaths (9%), DALY (3%), life expectancy
and standardised mortality ratio (1%). On disease out-
comes reported, 49% of the papers examined both all
and cause-specific deaths, 27% only focused on all-cause
deaths, and 24% reported cause-specific deaths.

With regard to the research questions, 50 papers (37%)
assessed trends in outcome indicators, with 37 additional
papers (27%) analysing both the trends and their deter-
minants. Twenty-three papers (17%) reported the preva-
lence of the outcome indicators, and 21 additional papers
(15%) reported both the prevalence and their determi-
nants. Five papers (4%) reported both the prevalence and
the trends of the outcome indicators. Twenty-nine papers
(21%) reported results from studies in rural areas, 1%
in urban areas, 16 papers (12%) in both urban and rural
areas, and 90 papers (66%) did not characterise the
study area. A total of 112 papers (82%) reported results
from studies in general populations, 16 papers (12%) on
children under 15 years, and eight papers (6%) on adults
aged 15 years and above (Table 1).

Article search in Pubmed
Keywords: epidemiological transition(s) or epidemiologic transition(s) or
demographic transition(s) or health transition(s) and mortality
Inclusion criteria: articles on human research, and published in English
between 1 January 1971 and 31 December 2013

\ 4

Search results (n=547)

\ 4

Avrticles screened on basis of title
and abstract

Excluded (n=324)
Irrelevant (n=210)
Review/editorial/
commentary (n=114)

A 4

Included (n=223)

Search and read for full-text
(n=239)

Excluded (n=103)
No full text (n=29)

16 additional papers -
from reference list -
\ 4
\ 4

\ 4

Insufficient mortality data (n=23)
Only risk factors and outcomes (n=17)
Not directly relevant for this study (n=34)

Included (n=136)

Fig. 1. Flow diagram of the literature search process.
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Tuble 1. Regions and countries from where the papers included in this review originated (n =136 papers)

Papers

Africa Ethiopia (30, 31), Ghana (32), Malawi (33), Mauritius (34), Morocco (35), Seychelles (36, 37), South Africa (38-44),

Sub-Saharan Africa (45), Tanzania (46)
America — North
(64, 65), USA (66-68)
America — South

Canada (47-52), Cuba (53, 54), Costa Rica (55), Haiti (56), Jamaica (57), Mexico (17, 568-63), Trinidad and Tobago

Brazil (69-74), Chile (75), Peru (76, 77), Colombia (78)

Asia China (79-83), Hong Kong (84), India (25, 85-89), Israel (90), Japan (91, 92), Korea (93-95), Palestine (96),
Russian (97), Singapore (98), Sri Lanka (99), Thailand (100, 101), Turkey (102), Vietnam (103, 104)

Europe Bolivia (105), Bulgaria (106), Czech Republic (107), France (108), Hungary (109), Lithuania (110, 111), The
Netherlands (112, 113), Spain (114-119), Sweden (120-123), United Kingdom (124, 125)
Pacific Australia (126, 127), Fiji (128), French Polynesia (129, 130), Nauru (131, 132), New Zealand (133, 134)

Multi-countries

WHO databases, mainly from World Health Statistics and Global Burden of Disease database (135-150), national

data (151-156), Human mortality database (157-159), Demographic Health Surveillance System in INDEPTH
Network (160, 161), other databases (147, 162—164)

Discussion

Omran’s theoretical concept of ET has broadly been
used in public health because it offers explanations for
changing cause-of-death patterns corresponding to dif-
ferent stages of transition. Most studies reviewed in this
paper described the theory in relation to specific situa-
tions in particular countries, rather than considering its
generalisability. Our review attempts to overview pub-
lished evidence over four decades on mortality transition
in relation to the ET theory. We structure the discussion
in several sections to discuss how the empirical research
articles illustrate the overall and cause-specific mortality
transitions, and whether deviation from the ET theory
and emerging patterns have been observed. A compre-
hensive exploration of health and ET in each country
included in this review, as well as a thorough review
of historical demographic research that led to Omran’s
theory, is beyond the scope of this paper.

What evidence on overall mortality transition exists?
Many studies have confirmed Omran’s first proposition
on ‘mortality as a fundamental factor in population
dynamics’. In many countries, mortality in the population
decreased significantly in the past century, alongside
decreasing fertility, increasing life expectancy, and a
growing number of older population. In this section, we
review papers, which discuss how transition of mortality
has occurred and how it influenced the population
structure over a period of time.

Mortality decline has been observed with different
speeds of transition in the population among all age
groups (17, 32, 34, 53, 55, 61, 65, 67, 75, 86, 91, 98, 106,
114, 116, 123, 124, 145) and across specific age groups,
including neonates and infants (50, 99, 117), children (35,
56), adolescents (142), and adults (73, 85, 127). In some
countries — such as Spain, Japan, Mexico, and Sri Lanka
— good quality vital registration allows researchers to
study mortality transition over long time periods. The

mortality rate in Spain increased during the 19th century
and peaked at the end of the century, after which the rate
decreased at a rate of 2.3 deaths per 1,000 population per
decade during the 20th century (114, 116). During the
20th century, many countries experienced quite similar
reductions in death rates with a reduction between 2 and
3 deaths per 1,000 population in a decade, such as in
Japan (91) and Mexico (17). These data illustrate how the
speed of mortality transition has become faster over time.

Decreasing fertility and birth rates led to an increase in
life expectancy and a change in the population structures
(35, 75, 114). While the mortality rate in Spain started
decreasing by the end of the 19th century, the birth
rate did not start declining until 1930. Since then, it has
decreased by two-thirds and reached the level of 9.75 per
1,000 population by the end of the 1980s. The proportion
of population dying at 70 years or older changed from
25% in the beginning of the 19th century to 74% by the
end of the 20th century (114). Chile experienced a faster
transition, with the proportion of deaths among older
people over 65 years doubling from 35 to 60% during a
22-year period (1970-1992) (75). In Monaco, the fertility
rate halved within a 30-year period (1980-2011), with
29% of the population being children under 15 years and
7% older people aged 65 + (35).

In contrast to the general pattern of decreasing
mortality during the 20th century, populations in several
settings experienced stagnation of mortality reductions,
such as Eastern European countries (147), and even re-
versal of mortality, such as in Nauru (131), Philadelphia
in the USA (66), Russia (152), South Africa (38—40),
Tanzania (46), and Thailand (101). A high rate of tuber-
culosis mortality among the adult population, which slowed
down the increase in life expectancy, was observed in
Philadelphia during the beginning of the 20th century (66).
In Nauru, the age-standardised mortality rate among adult
men doubled during 1960-1981, mainly due to the high
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burden of chronic NCDs (131). In rural South Africa,
Kahn et al. demonstrated significant increases in mortality
for men and women, mainly due to the HIV epidemic,
during the last decade of the 20th century, with life
expectancy decreasing rapidly by 12 years in females and
14 years in males in a 10-year period (38). The overall
mortality rate increased by 87% from 1992 to 2005 (39).
In Thailand, the generalised HIV epidemic since the
1990s has led to an increase in male mortality rate and
a decreased life expectancy by 4 years during 1990—
2000 (101).

Some studies have been conducted in indigenous
populations in Bolivia (105), Canada (50, 52), Mexico
(61), New Zealand (133), and Sweden (120, 121). Indigen-
ous populations tend to have higher birth rates, mortality
rates, and lower life expectancy than the general popula-
tion, as has been observed among sub-Arctic Indians in
Canada (50) and the aboriginal Maori population in
New Zealand (133). The Zapotec-speaking genetic isolate
in the Valley of Oaxaca, southern Mexico, experienced
mortality crises during 1930—1950 with the measles epi-
demic, resulting in deaths exceeding births. After 1955,
birth and death rates diverged in a pattern typical of rapid
population growth in early Stage II of the demographic
transition (61). Recent evidence has shown that health
among indigenous populations has improved over time, as
has been observed among the Sami population in Sweden
by the end of 19th century (120), and among the Tsimane
Amerindian population in Bolivia during the second half
of the 20th century (105). In Sweden, the gaps in infant
mortality rate (IMR) between the Sami and non-Sami
populations became narrower over time. Despite these
improvements, health inequality persisted between the
south Sami and the north Sami (121).

Evidence of transition among children and young women
In his third proposition, Omran stated that ‘During the
epidemiologic transition the most profound changes in
health and disease patterns obtain among children and
young women’. Evidence from many countries in this
review supports this claim (17, 32, 35, 53, 56, 58, 64, 66, 67,
72,75, 80, 86, 95, 102, 107, 114, 116, 124, 128, 142, 146,
158). For example, the IMR and perinatal mortality rate
decreased steadily in Chile during 1970-1992, while the
neonatal mortality rate has been stable since the 1970s
(75). During 1992-2011, the mortality rate among children
in Morocco decreased by more than 40% over a 20-year
period (a decrease of 44% in neonatal mortality rate,
54% in IMR, 64% in under-five mortality rate, and 66% in
postnatal mortality rate) (35). Sastry reported significant
decrease in under-five mortality from 117 per 1,000 live
births in 1970 to less than 50 by 1991 in Brazil (72).

In some countries, however, sustainable health improve-
ments among children and young women were not
observed during the transition. Infant mortality among

Tsimane population in Bolivia did not decrease signifi-
cantly concomitantly with large reductions in adult
and old age mortality during 1950-2000 (105). Child
mortality in Nauru fluctuated and increased over time
from 6 to 10.8 per 1,000 population during 1960-2007
(131). Unlike other countries in South East Asia that
experienced a decline in infant mortality during 1960—
1980, Thailand still struggled with high infant mortality
of 40-45 per 1,000 live births in the 1980s (154). Kahn
et al. showed that children (0—4 years) and young adults
(20—49 years) in rural South Africa experienced rapid
increases (two and five times, respectively) in mortality
rates over a 10-year period due to the HIV/AIDS epi-
demic (38, 40). In South Africa, the HIV/AIDS epidemic
led to the disease becoming the leading cause of death
among infants and young adults by 2000. Women suf-
fered more from HIV/AIDS and chronic diseases than
men (42).

What evidence is available to illustrate changing
patterns of causes of death?

In his second proposition, Omran postulated ‘During
the transition, a long-term shift occurs in mortality and
disease patterns’. Omran suggested a shift in the causes of
death from predominating infectious diseases to NCDs.
Therefore, we tried to identify how countries included in
this review stood in terms of ET stages over time and later
discuss specific transitions that did not follow the patterns
proposed by Omran.

Table 2 shows a summary of countries at various ET
stages over time. Industrialised countries generally started
ET earlier but proceeded slowly. Western European
countries such as Sweden, United Kingdom, and France
took most of the 19th century to shift from Stage 2 to Stage
3 and then a further half-century from Stage 3 to Stage 4
(108, 122, 124, 165). Cuba, USA, and Australia entered
Stage 2 later than many European countries (53, 54, 66, 67,
126) but reached Stage 3 almost at the same time. The
Netherlands (113) faced Stage 1, ‘the age of famine and
pestilence’, when USA and Australia were encountering
Stage 2. Hungary moved rapidly from Stage 2 to Stage 3 at
the end of the 20th century, after the rapid political
changes, and is now in Stage 4 of ET with declining
cardiovascular mortality and increasing life expectancy
(109). The same stage, with declining cardiovascular
mortality, was observed in Canada during 1978-1996
(51). In the former Soviet Union, ET did not progress
homogeneously across different geographical regions in
the country. The male population in the northern part
experienced higher mortality due to chronic diseases, such
as cardiovascular diseases, injuries, and lung cancer (166).

Spain entered Stage 1 at the beginning of the 19th
century (116, 117). The number of deaths have fluctuated
and have slightly increased since the beginning of the
19th century in Spain, with several severe mortality crises
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Tuble 2. Timeline of selected countries reported to be at various stages of epidemiological transition

Stage 1 Stage 2

Stage 3

Stage 4

1870-1874

1875-1879
1880-1884
1885-1889
1890-1894
1895-1899
1900-1904
1905-1909
1910-1914

1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949
1950-1954

1955-1959

1960-1964

1965-1969

1970-1974

1975-1979

1980-1984

1985-1989

1990-1994

1995-1999
2000-2004

2005-2009

United Kingdom (153,
157), Sweden (153, 157),
Finland (153, 157), Iceland
(153, 157), USA (66),
Germany (167)

The Netherlands (113)

Spain (114, 116, 117)

United Kingdom (124, 153, 157),
Sweden (153, 157), Finland
(153, 157), Iceland (153, 157),
The Netherlands (113)
Mexico (17) Spain (114, 168)
Germany (167)
Japan (91)

Costa Rica (55)
Japan (91, 158), Ghana (32),
Canada (47, 169)

Hong Kong (154),
Trinidad and Tobago

(64, 65)
China (158)
Hong Kong (154), Singapore
(154)

Peru (77) Trinidad and Tobago (64, 65)

Korea (95)

Mexico (59, 140)

Peru (77)

The Netherlands (113),

United Kingdom (124, 1583, 157),
Sweden (153, 157), Iceland
(153, 157)

Cuba (140), Puerto Rica (140)
Spain (114, 116, 117),

Costa Rica (55)

Japan (158), Mauritius (34),
Canada (169)

Hong Kong (154) Malaysia (154)

Seychelles (37), Ghana (32),
Cuba (54)

Mexico (17), Korea (93)
India (85, 86), Thailand
(100, 101)

Netherland (113)

Costa Rica (55), Canada
(47), Spain (168)

Japan (158), France (108),
Australia (126, 127),
Trinidad and Tobago (65)
China (158)

Mexico (60), Peru (76),
Hungary (109), Brazil
(69, 73, 118)

Vietnam (104),

Mexico (170)

including the cholera epidemic in 1855, the influenza
pandemic in 1918, and the nutritional deficiency problem
during the Spanish Civil War in 1941. At the beginning of
the 20th century, circulatory mortality replaced infectious
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diseases as the leading cause of death (114). By the end
of the century, circulatory disease was responsible for
75% of total deaths and less than 5% deaths were related
to infectious disease, a characteristic of Stage 3 (114).
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The fourth stage, which is characterised by declining
circulatory disease, increasing degenerative diseases, such
as malignant neoplasms and metabolic disease, and a
stable, low proportion of infectious disease, was observed
in Spain at the beginning of the 21st century (119).

Up to the mid-20th century, average life expectancies
in LMICs were much lower than those of industrialised
countries, largely driven down by premature infectious
disease mortality. After World War II, most countries
progressed faster and followed a general trend of conver-
ging and increasing life expectancy. Most LMICs entered
Stage 2 later than high-income countries (in the second
half of the 20th century), but they subsequently moved
on to the next stages of ET more rapidly than that of
the high-income countries. This faster transition was
observed in Brazil (70, 74), Chile (75), China (79, 80,
155), Japan (91), Korea (93), Mexico (60), Peru (76, 77,
171), and Vietnam (104), perhaps because of greater
economic growth and improvements in health. By the end
of the 20th century, the proportion of ailments related to
circulatory disease had increased to 75% in Chile (75).
Diabetes mortality in Mexico increased slightly during
1980-2000 (62). By 2004, Mexico had progressed further
in the ET, with NCD and injury as a major burden of
disease [75% of all deaths in 2004 were due to NCDs,
mainly due to ischaemic heart diseases (13%), diabetes
mellitus (10%), cerebrovascular diseases (6%), liver cir-
rhosis (6%), and road traffic accidents (4%)] (60).

A variant of the non-Western transition model has
been formulated as the ‘protracted polarised transition
model’, in order to account for the process of epidemio-
logical polarisation. Frenk et al. conceptualised this
extended variant of the ET theory based on Latin
American data. Latin America had experienced a resur-
gence of malaria and dengue fever, along with a burden of
infectious diseases and NCDs across regions and social
classes, with widening health gaps across regions and
social classes due to an unequal distribution of health
interventions. The epidemiological polarisation element is
characterised by the overlap of eras, a persistence of
infectious diseases combined with the emergence of
NCDs and new epidemic diseases, capturing also in-
creased geographical and social health inequalities. They
also showed several main features of the protracted—
polarised model; that the period of mortality decline is
short in contrast with the classical model; the onset of
mortality decline does not begin before the 20th century;
infectious diseases are not yet completely controlled, with
consequent overlaps of stages and unequal distributions
of wealth and health; and re-emergence of old diseases
that did not feature in the original ET theory (18).

Evidence from some countries confirmed the pro-
tracted epidemiological polarisation (32, 38). Agyei-

Mensah and de-Graft Aikins described how Ghana had to
deal simultaneously with persistent infectious diseases
predominantly among poor people, increasing NCDs
predominantly among wealthy people, and the emergence
of the HIV/AIDS epidemic (32). Kahn et al. (38) examined
trends in age-specific mortality in a rural South African
population and reported a ‘counter transition’ of increas-
ing mortality among children and young adults due
to acute diarrhoea and malnutrition, ‘epidemiological
polarisation’ from a greater mortality burden among
disadvantaged groups, and a ‘protracted transition’ with
a coexistence of HIV/AIDS and chronic NCDs in older
adults (38, 39, 41). Peru also faces a double burden of
persistent communicable diseases and NCDs, while deal-
ing with injuries, re-emerging infections (TB, malaria), and
HIV/AIDS. The country also suffers from inequalities in
health and wealth within the country. This situation
created an overlap of stages, broadening the gaps in health
status among social classes and geographical regions (76,
77, 171).

Determinants of ET

Omran postulated that ‘The shifts in health and disease
patterns that characterize the epidemiologic transition
are closely associated with the demographic and socio-
economic transition that constitute the modernization
complex’. Demographic and socio-economic determi-
nants, including sex, income level, education level, marital
status, ethnicity, regional differences, as well as wider
structural and environmental factors, can influence the
transition process and lead to unequal health outcomes.
In this review, we observed sex differentials in mortality
over time (46, 49, 51, 73, 80, 81, 86, 94, 106, 118, 123, 132,
157); regional disparities in mortality (57, 60, 62, 72, 74,
76, 77, 85, 102, 146, 148, 172); social, economic, and
mortality disparities across different ethnic groups (48, 49,
90,98, 121, 125, 156); and climatic factors as determinants
of mortality transition (115, 124, 153).

Although demographic and socio-economic transitions
are significantly related to health improvement, some
health problems still exist in some countries because the
effects of socio-economic development and globalisation
can be detrimental. In China, the economic reform that
improved people’s living environment (i.e. income and
health care) had net effects on health. Conversely, eco-
nomic reform in Russia did not produce any tangible
economic and social benefits, and therefore health status
was stagnant or deteriorating. In Russia, morbidity and
mortality related to infectious disease increased after
the reform, which could be explained by a relaxed or
deteriorating public health network (152). Despite the
improvement of socio-economic status in Chile during
1970-2000, Chile still experienced a persistent burden of
tuberculosis, typhoid fever, and hepatitis, and at the
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same time, an increasing burden of HIV/AIDS (75). The
association between unintentional injuries and economic
development differed by age. In population groups aged
45-74 years, unintentional injuries were negatively asso-
ciated with GNP per capita, reflecting lower rates of
injuries in countries with high GDP. Among the group
aged 75 years and above, the association was positive
with a higher rate of unintentional injuries in countries
with high GDP (137). The same pattern was observed for
intentional injuries such as suicide (150).

What deviations from the classic ET model have been
observed, and do these reveal emerging patterns?
The process of mortality transition can be complex
and dynamic, often influenced by demographic, socio-
economic, technological, cultural, environmental, and
biological drivers of change. We found numerous instances
of deviations from the classic ET theory when examin-
ing specific geopolitical areas. A general assumption that
current LMICs will experience the same transitional
patterns as those countries already industrialised, follow-
ing increased economic growth, is not proven. Some
countries have encountered serious obstacles preventing
them from completing certain stages of the transition,
often tied to their history, economic development, or
culture. Vallin and Mesle, referring to Eastern Europe
and Africa, challenged the theory and proposed the idea
that life expectancies are rapidly converging towards
a maximum level (173). Having achieved relatively high
life expectancies during the 1970s, a number of central
European and former Soviet republics experienced periods
of stagnation due to increasing cardiovascular mortality,
violence, and alcoholism, with declines in life expectancy
following the collapse of the USSR (97, 147, 174, 175).
The combination of a period of highly centralised com-
munist health planning, followed by a relatively disorderly
transition towards free-market economies, was not a
pattern that fitted into ET theory (175). In addition, the
global economic crisis has also played important roles in
this stagnation. Vallin and Mesle characterised the ‘cardi-
ovascular revolution’ as a specific stage of ET when life
expectancy increases and chronic diseases decline, which
some countries in Eastern Europe have not yet achieved.
Declining life expectancy in Eastern European countries is
also closely linked to unusual distortions in the structure
of age-specific mortality (173).

Many LMICs have started to close the gaps between
themselves and more advanced countries in terms of
economy, education, and health. While doing so, in the
late 20th century, new infectious diseases such as HIV/
AIDS and avian influenza showed remarkable abilities
to spread as global epidemics. Recent outbreaks of avian
influenza alerted the world to new susceptibilities to epi-
demics due to population growth, unplanned urbanisation,

anti-microbial resistance, poverty, and lifestyle changes in
communities. AIDS still persists as a major global health
concern although medical technology has progressed in
preventing new HIV infections and AIDS-related deaths.
A global summary of the AIDS epidemic in 2011 showed a
15% increase in the number of people living with HIV but a
13% decrease in the number of people newly infected with
HIV compared with 2001 (176). Although AIDS reporting
mostly focuses on national trends, there are often large
variations in HIV prevalence and epidemiological patterns
within countries. The epidemic of HIV/AIDS appears to
have stabilised in most countries, with sub-Saharan Africa
remaining the most heavily affected region, accounting for
71% of newly infected HIV cases in 2010. The AIDS
epidemic triggered a decrease, and in some cases a sharp
drop, in the life expectancy levels in many African
countries, which is bound to influence any interpretation
of their progress in ET terms. The major demographic
consequences of AIDS are something that Omran could
not have possibly anticipated in 1971 but represent a
salutary warning about the necessary complexity of any
comprehensive and generalisable understanding of ET.
The impact of wars and other forms of political violence,
frequent in Africa, and perhaps most extreme in Somalia
(177), introduces further uncertainty into understanding
ET. In other cases, impacts may not be sufficiently pop-
ulation-wide to hugely influence ET. For example, HIV/
AIDS in Thailand in the 1990s caused a 35% increase in
adult male mortality but did not have a huge impact on life
expectancy for the overall population in Thailand (101).
Declines in mortality in East Asian countries varied
over space and time due to different political systems,
different paces of economic growth, and geographical
differences. East Asia underwent a significant mortality
reduction in the second half of the 20th century. Japan
began this rapid progress (91) and was followed by Taiwan,
Hong Kong, Korea, and China (91, 158). Some African
countries have advanced at a much slower pace than
other countries with similar life expectancy levels. Many
African countries have not yet reached the third stage of
ET due to slow health care advances, and economic and
political crises. Downward trends in mortality have been
reversed in some areas as a consequence of the HIV/
AIDS pandemic. In sub-Saharan Africa as a whole, as
ET progresses problems tend to multiply, giving rise to
the concept of the quadruple burden of disease (existing
infectious diseases coupled with NCDs, injuries, and HIV/
AIDS), which combine to disadvantage poor and margin-
alised groups (31, 39, 40, 42, 145, 161). We mapped some
countries studied in this review to different sub-models
which account for differences in timing and pace of ET
in LMICs. The rapid sub-model related to countries
such as Hong Kong and China, which experienced rapid
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industrialisation but remain in the third stage of ET (152,
155, 178-180). The intermediate sub-model refers to
middle- or low-income countries, such as India, Vietnam,
and Mexico, which still face overlapping infectious dis-
eases and NCDs (17, 58, 60, 62, 63, 104, 181). This suggests
that long-term shifts in patterns of mortality never entirely
displace infectious diseases by degenerative and man-
made disease and ageing, as Omran described in his theory.
The slow sub-model refers to countries that are least
prepared to handle the triple burden of disease, typically in
Africa (3841, 45).

We identified some new evidence of deviations from
ET theory. According to the original theory, infectious
diseases will gradually be eliminated as a major population
health threat. However, there are examples to the con-
trary. In Nauru, previously high mortality from infectious
diseases transitioned very rapidly into extremely high
mortality from diabetes, circulatory disorders, and acci-
dents over a short period, thus denying appreciable
increases in life expectancy (132). Meanwhile, Mexico
during 1922-1955 faced overlapping burdens of disease
and an increasing trend of NCDs among the younger age
groups, due to poverty and inability to afford healthcare
(17). High mortality burdens from external causes, such as
violence, in El Salvador did not follow cause of death
patterns elsewhere which were predominated by infectious
diseases at early stages of transition (182). Wolleswinkel-
van den Bosch et al. showed in a cluster analysis in
the Netherlands that the mortality decline in infectious
diseases and the rise in non-infectious diseases had
different time trends, in contrast with the classical inter-
pretation of the ET that assumes uniform changes (113).
Coste et al. evaluated the consistency of trends in causes of
deaths in France in the short term. They found that there
was a shift in mortality trends among adults during
1988-1999 that was marked by greater HIV infection,
injury, and poisoning compared to mortality trends during
1968-1979. Their findings showed patterns of causes
of deaths differing substantially from the classical patterns
of ET (108). Mortality trends in the Tsimane communities
in Bolivia showed decreased instances of deaths due
to infectious diseases but increased instances of accidents
and violence, particularly in the middle and late adult-
hood, which demonstrates a different pattern from the
classical ET theory (105).

Another study in Hungary during 1971-2007 showed
that the mortality patterns were different to what might
be expected in the fourth stage of ET, in that female death
rates increased due to ischaemic heart disease, while no
evidence of emergent or re-emergent diseases were found
and deaths related to external injuries declined (183). In
Canada, the shifting pattern of causes of death did not
entirely fit the theory. Lussier and Choiniere showed that
decline in mortality related to cardiovascular disease was
mostly concentrated in advanced ages, and the decline did

not occur at the same pace for men and women (47).
Fragmentation of the ET theory into distinctive stages
delimited in time has proven to be inappropriate for
Canada since the mid-20th century. The native Indian
population in Canada has been shown to follow a
different ET trajectory from the general population (52).

All these examples support existing criticisms that ET
theory fails to describe the transition in some countries
due to complexities of socio-economic, historical, poli-
tical, and cultural factors that caused deviations from
certain stages of the transition. Therefore, Omran’s ET
theory and its later developments cannot predict changes
in mortality and cause-of-death patterns across all coun-
tries and time periods, as noted previously in some earlier
reviews by Caselli et al. (10) and Gaylin and Kates (21).
Despite these findings, we can conclude that relatively
little research has concentrated on linking progress in ET
to the original theory. The interest in the socio-economic
determinants of ET has been greater than in the under-
lying disease shifts. Studies on mortality transitions in
various societies still use theoretical perspectives to
understand the process of population change by relating
mortality patterns to demographic and socio-economic
trends through the development of models (mechanisms
of interaction that describe the patterns, determinants,
and consequences of health and disease changes in diverse
populations).

Limitations of this study

One limitation of this paper is the potential of publication
bias. We are aware that many of the published papers are
papers that do not confirm to the ET theory, and hence
perhaps had higher chances of being accepted for pub-
lication as the utility of the theory was debated. Papers
with more ambiguous results may never be published. It
is a challenge to use mortality to compare ETs across
countries or regions, as many factors can influence the
mortality transition. The use of age-standardised death
rates might make the comparison across countries more
compelling, though the question on the comparability of
standard populations used remains valid.

Conclusions
Despite many criticisms of Omran’s theory, many re-
searchers are still using the ET theory as the framework for
their studies. In this review, we observe that the theory fits
the transition patterns in some countries but needs further
adjustments in other settings. With respect to broad
categories, the original ET theory can, to some extent,
continue to provide useful estimates of cause-specific
mortality changes in countries where the transition started
later than in industrialised countries and may contribute
usefully to predictions of cause-specific mortality.

There are numerous examples where deviations from
the classical ET theory have been observed in specific
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geopolitical settings since the theory was introduced four
decades ago. Although the current state of knowledge and
evidence on historical and contemporary cause-specific
mortality changes may still be too sparse to formulate
a new evidence-based theory that provides an integrated
formulation of the underlying processes of cause-specific
mortality change, the need to update the ET theory is
clear.

A comprehensive theory must start from the complex-
ity of reality, even though it may not always be possible
to measure all necessary parameters; a phenomenologi-
cal basis will not be adequate. A new evidence-based
formulation in terms of patterns of changes in causes of
death, and disruptions in health due to emerging risks, is
needed, which focuses on the underlying mechanisms and
cause-specific mortality changes that result, rather than
the current crude description of a decline in infectious
diseases and a rise in non-infectious diseases with little
reference to underlying determinants. Since comprehen-
sive data are not available on a 100% basis around the
world, judicious use will need to be made of the best
available sources of evidence, such as those coming,
for example, from the long-term surveillance of defined
populations by the INDEPTH Network in otherwise
uncounted regions (184). At the same time, optimal use
needs to be made of data archives which document ET
processes already experienced. The underlying processes
of mortality change need to be described more specifi-
cally with reference to causes of death, speed of mortality
changes, factors that cause disruption to health, and the
ways in which populations adapt to these disruptions.
Comparative analyses using standardised methods in
various population groups must provide information
for elaborating and refining models of transition, as is
needed to handle at least some of the many problems
associated with changes in population inequalities.

Main findings

e Experiences of epidemiological transition have
varied between countries in terms of timing,
pace and underlying mechanisms.

o Elements of epidemiological transition have
been described in many countries, but observed
transitions have not always followed the path-
ways described in Omran’s original theory.

e The emphasis of epidemiological transition re-
search has changed over the past four decades,
with an increasing tendency to study wide-
ranging aspects of the determinants of mortality,
including risk factors, lifestyle changes, socio-
economics and macro factors such as climate
change.

Key messages for action

e Though it does not completely describe transition
patterns observed in all settings, the original ET
theory can continue to provide a useful framework
for describing cause-specific mortality changes
and may contribute usefully to predictions of
cause-specific mortality, particularly in low- and
middle-income settings.

e There is need for common consensus on a vital
minimum dataset, such as a complete civil regis-
tration and documentation of major risk factors
and health care coverage in low and middle-
income countries to better document changing
health patterns and support national health
information systems. In the meantime, the lack
of comprehensive population health and demo-
graphic data necessitates judicious use of the
available data sources.

e Revisions to epidemiological transition theory
are needed and should be based on the grow-
ing empirical evidence base in a wide range of
settings.
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logic transitions has served as a guiding framework

for understanding relationships between patterns
of human health and disease and economic development
(1). As originally proposed by Omran (2), an epide-
miologic transition is a trend wherein a high burden of
mortality from infectious disease—primarily epidemic
‘childhood’ diseases such as pertussis and measles—is
replaced by one of chronic and non-communicable di-
seases (NCDs), such as cardiovascular disease, cancer, and
diabetes. Omran’s ‘classic’ model was originally formula-
ted to capture the changes in cause-specific mortality that
followed the Industrial Revolution in the United States
and in Western Europe. However, in a modified form,
the transition is ongoing in many developing low- and
middle-income countries (LMICs), which carry a high bur-
den of mortality from infectious diseases and NCDs (3).

For the past several decades, the model of epidemio-

Recently, scholars have placed the classic transition
within an expanded evolutionary framework. This recog-
nizes a ‘first’ transition coincident with the Neolithic
period and the agricultural revolution and a ‘third’ transi-
tion of emerging and reemerging infectious diseases
occurring in the modern era (1). In this expanded frame-
work, Omran’s classic transition becomes the ‘second
epidemiologic transition’, as it is referred to here.

Epidemiologic transition theory provides a model for
the dynamics among economic, social, demographic,
and ecological factors and the evolution and spread of
disease (4), explaining major trends in the human disease-
scape and granting insight into ultimate causes of a given
trend and therefore potential solutions (5). Consequen-
tly, it has become paradigmatic in public health policy
(3, 6-9), demography (10, 11), biological and medical
anthropology (12—-14), and economics (15). However, it
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has had much less impact in epidemiology (5, 16, 17).
This is because epidemiologists are generally concer-
ned with the study of one or a few specific diseases within
restricted time frames. Identifying a causal pathogen or
characterizing a novel condition necessitates attention
to its specific properties, such as statistical risk factors or
disease ecology. This epidemiological approach translates
into conceptualizing diseases, including emerging dis-
eases, as singular entities attributable to more immediate
and proximate causes, not as components of broader
health trends attributable to longer-term and ultimate
causes (5). However, as we discuss here, Omran’s classic
theory and its modifications can help to broaden the
epidemiologist’s understanding of the complex, multiple
dimensions of health and disease over time, revealing
potential proximate as well as ultimate causes, prevention
strategies, and predictions of future epidemiologic trends
and, in doing so, contribute to improving population
health (5, 16).

Moving beyond Omran’s original formulation, this
paper critiques and modifies the theory of epidemiologic
transitions, highlighting some of the ways that an under-
standing of epidemiologic transitions can benefit theory
and practice in epidemiology. We also focus on two broad
contemporary trends in human health that are relevant to
epidemiologic transition theory: the increased incidence
of chronic inflammatory diseases (CIDs), such as allergic
and autoimmune diseases, and the emergence and re-
emergence of infectious diseases. We situate these trends
within an expanded epidemiologic transition theory,
employing the hygiene hypothesis to explain the rise in
CIDs and the concept of a third epidemiologic transition
to explain the rise in emerging and reemerging infections.
We further discuss the implications that this approach
generates for preventive medicine, global health policies,
and future research in epidemiology.

Present investigation

The theory of epidemiologic transitions

Epidemiologic transition theory models the changes in
cause-specific mortality that accompanied the industria-
lization-associated demographic transition, the declines
in mortality and fertility, and the resulting population
growth (18) (see Fig. 1). Demographic transition theory
is a simplified, descriptive, multistage model of this tran-
sition (14). Stage 1 is largely preindustrial and features
high mortality and fertility, variable but generally low
life expectancy, and slow but stable population growth
interrupted by large periodic fluctuations in mortality
(crisis mortality). Stage 2 involves declining ‘normal’
mortality but persistently high fertility. Stage 3 features
continued declines in normal mortality as well as fertility,
increased life expectancy, and more sustained population
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growth. Declining normal mortality began in the mid-
nineteenth century in western and northern Europe and
the United States and around 1920 in LMICs, such
as Chile. Crisis mortality continued into the twentieth
century, perhaps ending only with the 1918—1919 Spanish
influenza outbreak (14). Stage 4 features low, still de-
clining mortality, as observed in developed countries after
World War II (19). Mortality declines continue, especially
among the elderly, but slowly, likely due to already low
mortality among infants, children, and young adults (14).

As originally formulated (2), the epidemiologic transi-
tion theory builds on demographic transition theory with a
consideration of changes in cause specific mortality across
four stages. Stage 1, the ‘Age of Pestilence and Famine’, is
preindustrial and is characterized by high frequencies
of epidemic infectious disease and crisis mortality. Stages
2 and 3, the ‘Age of Receding Pandemics’, involve a change
from epidemic to endemic infectious disease and decreas-
ing crisis mortality. Stage 4, the ‘Age of Degenerative and
Man-Made [sic] Diseases’, ushers in a high burden of
NCDs, the result of age-related degenerative processes and
anthropogenic factors including environmental hazards
and nutritional and behavioral patterns associated with
industrialization and urban living. The neat dichotomy
between infections and NCDs is blurred by the chronic
course of some infections, such as tuberculosis, and
increasing recognition of the role of infection and inflam-
matory processes in many chronic conditions, such as
cervical cancer (20) and coronary heart disease (21).
However, rather than precluding the use of transition
theory, this complication highlights the need to consider
the historical and evolutionary relationships between
humans and pathogens to understand current patterns of
human health.

Modifications and critiques of epidemiologic
transition theory

Multiple modifications have been made to Omran’s
original theory. Omran (2), attempting to accommodate
variations from the theory, initially characterized three
models for the progress of the transition. The ‘classical
model’, featuring slow progression from high to low
mortality and fertility, occurred in Western Europe, and
was driven by economic development and advances in
sanitation, public health, and medical knowledge. The
‘accelerated model’, seen in Japan, features more rapid
progress, purportedly driven by the same factors. The
‘contemporary model’ applies to LMICs, wherein mor-
tality has declined but fertility remains high and NCDs
do not yet constitute the primary epidemiologic burden.
Beyond the expansions suggested by Barrett and collea-
gues (1), Olshansky and colleagues have added a fourth
stage, the ‘Age of Delayed Degenerative Diseases’, which
recognizes a shift in NCDs to the elderly even as life
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Fig. 1. The demographic transition model (Source: K. Montgomery).

expectancy increases, and a fifth, encompassing morbid-
ity and mortality from HIV/AIDS and other emerging
infectious diseases (22, 23). Graziano (24) has proposed
an alternative fifth stage, the ‘Age of Obesity and In-
activity’, in which increasing levels of weight gain and
obesity alter the pattern of NCDs among the elderly
(represented by Olshansky and Ault’s fourth stage).
From anthropological and epidemiological perspec-
tives, the original epidemiologic transition theory has
several shortcomings. The proposed explanations are
largely speculative, lacking reliable data or relying on
small sample sizes that are not likely to be generalizable
(16). Many have also argued that the theory insufficiently
addresses social factors, such as poverty (12); the differ-
ential progress of the transition within and across various
demographic subgroups—such as in relation to sex,
gender, race, and location (12, 25); and the profound
contemporary impact of emerging and reemerging in-
fectious diseases, such as HIV/AIDS and multidrug
resistant tuberculosis (MDR TB)(12, 25, 26). It also
fails to differentiate adequately between the risk of dying
from any given cause or set of causes and the proportion
of overall mortality due to various causes (14, 25).
Additionally, by focusing on mortality, the theory largely
neglects issues of morbidity, disability, and quality of life.
This approach is sharply divergent from the increasing
use of more holistic definitions of health and the use of
broader measures of life expectancy, such as disability
adjusted life years (DALYs), by health researchers
and organizations (16). Saliently, Caldwell (6: 160) and
others have also critiqued Omran’s models for failing to
recognize ‘the global nature and historical sequence

of the mortality transition as it spread’, positing instead
that each society exhibits its own particular model.
Despite these issues, however, the theory remains pro-
foundly useful for investigating variation in patterns over
time and among locations, for conceptualizing historical
patterns, and for predicting future trends (17).

Epidemiologic transition theory and

epidemiology

Although epidemiology largely maintains its focus on
single disease conditions and proximate causes, the rise
of the socioecological model in epidemiology represents
an opportunity for integrating epidemiologic transi-
tion theory into epidemiologic theory and practice. This
model replaces the earlier ‘epidemiologic triad’ and
‘causal web’ models of disease risk, which paid inade-
quate attention to the multidimensional quality of factors
that affect health and disease (27), particularly the cul-
tural, political, and economic factors that act as ultimate
causes of disease (28, 29). Instead, the socioecological
model recognizes that a broad array of systems and
interrelated determinants of health exist, acting either
synergistically or antagonistically (16). The model verti-
cally expands the domain of epidemiological studies
‘upward’ to incorporate biological, behavioral, mental,
social, and environmental systems and factors (such as
policy and economic environments) as well as ‘down-
ward’ to the molecular and genetic levels. Additionally,
it extends the domain horizontally to consider trends
over time, ranging from the developmental issues ad-
dressed by life course epidemiology to evolving associa-
tions among the various levels (16: 6).
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Epidemiologic transition theory provides the broad,
longitudinal, and historical perspectives that the early
models lacked (16). In epidemiology, the increasing
adoption of and reliance upon socioecological models
has also opened up a spectrum of possibilities for in-
vestigations of disease risk that include social, cultural,
policy, and economic factors, as well as how these factors
have changed over time (5, 16). The unique capacity
of epidemiologic transition theory to identify ultimate
causes in disease risk means that transition theory models
can be usefully incorporated into socioecological models
in epidemiology. As Fleischer and McKeown (16: 10)
discuss, such incorporation would be particularly useful
for social epidemiologists because it would shed addi-
tional light on the ways in which ‘upstream’, global
determinants differentially impact the health-states of
vulnerable, disadvantaged populations. Although the
focus on singular disease conditions, their risk factors,
and proximate causes is useful in some investigations,
epidemiologists are gradually recognizing that addressing
patterns of health-states might yield greater insights into
more upstream, shared determinants and therefore have a
profound impact upon population health (16).

Contemporary trends in health addressed

through epidemiologic transition theory

CIDs and emerging and reemerging infectious disease
Epidemiological transition theory can be usefully applied
to a variety of broad trends in patterns of health and
disease in contemporary human populations. Here we
focus on two specific trends: the increased incidence of
CIDs and the emergence and reemergence of infectious
diseases. We use these examples to demonstrate how the
interpretive lens and attention to ultimate causes gener-
ated by epidemiologic transition theory can be used to
inform clinical practice, global health policies, and future
research within epidemiology.

The hygiene hypothesis and the rise of CIDs
Since the 1950s, numerous researchers have noted in-
creased rates of CIDs, namely allergic and autoimmune
diseases, in many developed nations (30). These include
allergic diseases, such as asthma and atopic dermatitis,
and autoimmune diseases, such as multiple sclerosis (MS)
and inflammatory bowel disease. For instance, the pre-
valence of atopic dermatitis has doubled or tripled in
developed countries over the past three decades, affecting
15 to 30% of children and 2 to 10% of adults (31). Part
of these increases may be attributable to detection
bias via improved diagnoses and access to medical
resources in many locations, but this does not entirely
explain the rapid rise in the incidence of these conditions,
particularly those such as MS that are easily diagnosed
(32).

Many epidemiologists have noticed that the increase in
CIDs is concomitant with a decrease in epidemic infec-
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tions that occurred during the second epidemiologic tran-
sition. However, rather than highly virulent pathogens,
such as smallpox or measles (33), the phenomenon has
been attributed to the diminished exposure to environ-
mental microorganisms (specifically helminthic parasites,
chronic viruses and nonlethal bacterial infections, envi-
ronmental saprophytes) and to declines in the mass and
diversity of gut microbiota, which also occurred as part
of the second transition (34). Situated within epidemio-
logic transition theory, these observations have given rise
to the ‘hygiene hypothesis’, which claims that in devel-
oped nations, diminished childhood exposure during
childhood or even diminished prenatal (maternal) ex-
posure (35) to these microorganisms has resulted in
immunoregulatory failure, manifesting as an increased
incidence of CIDs. According to this theory, prior to
industrialization, humans lived in a state of ‘evolved
dependence’ with these microbes—our ‘old friends’—that
was critical for successful immunological functioning,
specifically the development of an immunomodulatory
response that maintains tolerance of self-antigens and
abrogates autoimmune diseases (34). In effect, the life-
style changes—sanitary improvements, pasteurization,
use of antibiotics, and improved hygiene—that contri-
buted to the second transition may have produced a
substantial trade-off in health and quality of life, with
developed nations exchanging a high burden of infectious
disease for a higher burden of CIDs (36).

Using the hygiene hypothesis to identify potential ulti-
mate causes of CIDs has several direct implications for
epidemiology. Although the identified causes are broadly
environmental and evolutionary, they directly translate
into proximate causes and therefore specific risk factors
and targets for preventive medicine. Informed by the
hygiene hypothesis, researchers have identified causal
relationships among lifestyle changes, infectious burden,
and the incidence of allergic and autoimmune diseases.
They continue to investigate these dynamics using animal
models of autoimmune and allergic diseases and, to a
lesser extent, clinical intervention studies (32). For ex-
ample, the incidence of spontaneous type 1 diabetes
(T1D) is directly correlated with the sanitary conditions
of animal facilities for non-obese diabetic (NOD) mice,
with a low infectious burden translating into a high
T1D incidence (37). Another study found that intranasal
exposure of pregnant mice to cowshed derived, non-
pathogenic bacterium, Acinetobacter Iwoffii F78, pro-
tected against the development of experimental asthma
in their progeny (35). Other researchers have found
that in humans, intentional infection with the swine-
derived helminth, Trichuris suis, ameliorated symptoms
in patients with active Crohn’s disease as well as ulcera-
tive colitis (38, 39). Although research findings are not
yet determinative—for instance, helminth eradication has
been found to increase atopic skin sensitization (40) while
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improving asthma symptoms in the same population
(41)—studies such as these suggest that approaching the
broad trend of increased incidence of CIDs through an
evolutionary, historical lens generates findings that can
be directly applied to improving population health.
Research focused on determining which types of micro-
bial exposures exert a protective effect on developing
allergic sensitization (and when during the life course
they occur) can translate into improved identification of
risk factors, targeted strategies for disease prevention,
and foci for preventive medicine.

A practical outcome of this approach can be found
in the recent proposed ruling by the Food and Drug
Administration (FDA) that manufacturers of antibacter-
ial soap that contains the chemicals triclosan and
triclocarban demonstrate that they are safer and more
effective than soap and water. This ruling is the product
of years of mounting fears that the chemicals in the
soaps, the use of which has greatly proliferated in
the past few decades, may disrupt normal development
of the reproductive system and metabolism and promote
drug-resistant infections, among other issues (42). This
action reflects increasing public health awareness that
interfering with long-standing balances between humans
and nonpathogenic microbes in their environments can
have pervasive and substantial health effects.

Addressing the ancient determinants of emerging
infections

One of the chief advantages of an expanded framework
of epidemiologic transitions, such as that described by
Barrett and colleagues (1), is that it allows us to backtrace
the ultimate determinants of current infections over long
stretches of time back into ancient history and pre-
history. Looking back to the Neolithic period, changes
in subsistence, settlement, and social organization asso-
ciated with the agricultural revolution created condi-
tions that selected for the emergence of acute, epidemic,
‘crowd’ infectious diseases, such as smallpox, measles, and
pertussis, which were among the chief causes of human
morbidity and mortality up until the second epidemiologic
transition (1). Agriculture allowed for the production of
high calorie foods at the cost of dietary diversity (43), and
agricultural communities that rely heavily on a few crops
often experience compromised nutrition that can predis-
pose them to infection (44, 45). In addition, domesticated
animals served as the source for many novel human
pathogens, such as measles and smallpox, as did the
expansion of farmers into new terrain suited to the
transmission of diseases such as malaria and yellow fever
(46). The transition to large and densely settled societies
also allowed for the ongoing transmission of more virulent
and shorter-lived infections, such as crowd diseases, within
and between human populations. Furthermore, the crea-
tion of social hierarchies led to the unequal distribution of

basic resources for healthy living, thereby creating reser-
voirs for new and recurring infections in impoverished
communities (12, 47).

Today, we see the same themes of subsistence, settle-
ment, and social organization in the emergence and
reemergence of infectious diseases. The hyperurbaniza-
tion of domesticated animals, combined with the use of
antibiotic growth factors, is contributing to increases in
selective conditions for the entry of zoonotic pathogens
from animal to human populations (48). Human settle-
ments have consolidated to the point that the majority of
the global population now lives in urban environments
with ample opportunities for ongoing disease transmis-
sion (49). Additionally, globalization has linked the
health problems of impoverished communities with other
populations throughout the globe, in developed nations
and LMICs, such that humans can now be said to live
within a single infectious disease ecology. The scale and
speed of human activities have greatly increased since the
Neolithic, but the activities themselves are qualitatively
the same, despite the novelty of some pathogens.

This longer term, evolutionary perspective has prac-
tical applications for the prevention and control of new
and drug-resistant infections. Recognizing that the agri-
cultural revolution brought new infections into human
populations through increased exposure to animals,
researchers have examined the entry of novel contempor-
ary pathogens through human settlement in uninha-
bited wilderness areas and subsistence practices such as
bushmeat hunting. Research has shown that bushmeat
handling and consumption of nonhuman primates in
particular has provided a highly effective pathway for
the transmission of zoonotic pathogens into human popu-
lations, both in the past and today (50); several infections
in humans, such as HIV/AIDS (via simian immunodefi-
ciency viruses [SIVs]) (51) and a wide variety of human T-
lymphotropic viruses (HTLVs), which are associated with
leukemia, lymphoma, and HTLV-associated myelopathy
(52), have been linked to pathogens present in nonhuman
primates. Understanding these relationships and the
pathological consequences of interspecies interactions
has substantial implications for public health. As in
Neolithic times, the wide array of subsistence practices
that increase exposure between humans and animals
increases the probability that nonhuman pathogens will,
through a series of evolutionary steps, evolve the ability
to infect humans, and later, evolve the capacity for
sustained transmission within and between human po-
pulations. Recognizing these dynamics helps to inform
international economic and environmental policies and
technological innovations aimed at reducing these ex-
posures (53).

Similarly, researchers can extend lessons from the
intensification of agriculture to preventing, or at least
reducing, the evolution of drug resistant infections.
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The FDA announced in December 2013 that it was
phasing out the use of antibiotics as growth promoters in
cows, pigs, and chickens (54). Although this policy is
voluntary for drug manufacturers and subject to loop-
holes, it represents one of the first attempts by the
U.S. government to address one of the ultimate causes
driving the third epidemiologic transition, specifically
the reemergence of previously controlled infectious dis-
eases. The European Union has long since recognized
this issue, having passed regulations against the use of
human antibiotics, and their analogs, as growth factors
in livestock (55). This policy change and the research
underlying it reflect an increased understanding in the
public health community that drug resistance not only
poses a large and growing threat to human health but
that this trend fits into a larger evolutionary pattern
of selective relationships between humans, animals,
and pathogens. Ten thousand years ago, domestication
of animals gave human populations zoonotic infections;
in the present, our interactions with domesticated ani-
mals are conferring drug resistant infections upon us.

Conclusion: global health and the third
epidemiologic transition

The current trends of novel, virulent, and drug resistant
infectious diseases represent a third epidemiologic transi-
tion in human disease. To some extent, this can be seen
as a convergence of disease patterns associated with the
two previous epidemiologic transitions. As with the first
transition, physical and social environments are once
again selecting for the emergence and transmission of
acute epidemic infections in human populations. As with
the second transition, NCDs continue to rise in popula-
tions rich and poor, in developed nations and LMICs
alike. In a combination of these two trends, acute and
chronic diseases are leading to the emergence of global
syndemics, wherein the interaction between two or more
health conditions—such as among diabetes, cardiopul-
monary disease, and severe acute respiratory syndrome
(SARS)—has a multiplicative rather than additive impact
on human well-being (56).

An expanded theory of epidemiologic transitions not
only deepens understanding of these global health trends,
it also informs policies and programs for prevention,
detection of novel conditions and pathogens, identifica-
tion of risk factors, and control of diseases. Shifting from
primarily vertically organized programs aimed at single
diseases and proximate causes, epidemiologists and other
health researchers can develop complementary horizon-
tally based programs aimed at combinations of infectious
and chronic diseases and the upstream determinants that
they have in common. The U.S. Centers for Disease
Control and Prevention (CDC) has begun this process
with the merging of previously independent programs and
divisions within its organization (57). Similarly, observers

Evolution of disease

of polio eradication programs, for example, have increas-
ingly begun to recognize that treatment and vaccination
cannot be successfully implemented without addressing
broader health determinants, such as those responsible
for the first and second epidemiologic transitions (58).
Applying these lessons to current global health challenges
may not eradicate all human diseases, but it could
generate and marshal support for novel, broadscale
interventions that target the ultimate causes for many
important health conditions. At that point, we hope to
write optimistically about the positive lessons evident a
fourth epidemiologic transition.

Main findings

e Integrating epidemiological transition theory
into theory and practice in epidemiology can
broaden epidemiologists’ understanding of the
complex, multiple dimensions of health and dis-
ease over time. This can reveal potential prox-
imate and ultimate causes, prevention strategies,
and predictions of future epidemiologic trends,
therefore contributing to improvements in popu-
lation health.

e Contextualizing disease trends, such as the in-
creased incidence of chronic inflammatory dis-
eases (CIDs), including allergy and autoimmune
diseases, and the emergence and re-emergence of
infectious disease, within epidemiological transi-
tion theory, and attending to historical and
evolutionary relationships between humans and
pathogens, has direct implications for clinical
practice, global health policies, and future re-
search within epidemiology.

Key messages for action

e Situating the increased incidence of CIDs within
the hygiene hypothesis, a theory closely asso-
ciated with epidemiologic transition theory
that ties the trend to immunoregulatory failure
brought on by decreased early life exposure to
non-pathogenic environmental microbes, can be
used to identify specific risk factors, targeted
strategies for disease prevention, and foci for
preventive medicine in global efforts to reduce
CIDs.

e Addressing the emergence and re-emergence of
infectious disease, such as HIV/AIDs and
MDR-TB, within long term evolutionary per-
spectives can reveal the ancient and prehistoric
ultimate determinants of current infections,
generating practical applications for the preven-
tion and control of new and drug-resistant
infections, such as attendance to the role of
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bush-meat and environmental degradation in
the emergence and spread of disease.

e The critical insight from epidemiologic transi-
tion theory that interference with long-standing
balances between humans and non-pathogenic
microbes in their environments can have perva-
sive and substantial health effects has directly
informed recent action in public health, such as
the FDA’s proposed rulings discouraging the use
of antibiotics in livestock feed and antibacterial
compounds in soaps.
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Women’s health in low- and middle-income countries (LMICs) has historically focused on sexual and
reproductive health. However, understanding how women acquire, experience, and treat non-reproductive
health conditions, such as non-communicable diseases, has become a fundamental public health concern.
Special attention to the social determinants of LMIC women’s health can provide socially and culturally
relevant knowledge for implementation of policies and programs for women increasingly confronting these
‘New Challenge Diseases’. This article uses the example of depression and Type 2 diabetes comorbidity to
illustrate how attending to the social determinants of mental and physical health beyond the reproductive
years contributes to a more holistic agenda for women’s health. For instance, we must address the plurality of
experiences that shape women’s health from social determinants of depression, such as gendered subjugation
within the home and public sphere, to the structural determinants of obesity and diabetes, such as poor access
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particularly the chronic and non-communicable conditions that emerge as life expectancy increases.

Keywords: women’s health; depression; Type 2 diabetes; life course; social determinants; epidemiological transition

Responsible Editors: Nawi Ng, Umed University, Sweden; Barthélémy Kuate Defo, University of Montreal, Canada.

*Correspondence to: Emily Mendenhall, Science, Technology, and International Affairs Program, School of
Foreign Service, Georgetown University, Washington, DC, USA, Email: em1061@georgetown.edu

This paper is part of the Special Issue: Epidemiological Transitions — Beyond Omran’s Theory. More papers
from this issue can be found at http://www.globalhealthaction.net

Received: 10 September 2013; Revised: 12 November 2013; Accepted: 13 December 2013; Published: 9 January 2014

low- and middle-income countries (LMICs) is

more complex than public health approaches in
previous decades reflected, when the focus was primarily
on sexual and reproductive health. As populations age,
no longer are sexual and reproductive health the domi-
nant themes that shape how women can live longer,
healthier lives. Instead, a combined perspective of the
social determinants of mental and physical health across
the life course comes to the forefront. Understanding how
women acquire, experience, and treat non-reproductive
health conditions, such as non-communicable diseases,
over the course of their lives is particularly important for
women living in resource-constrained settings, who are
socially and economically marginalized and often experi-
ence limited access to healthcare. This article uses the
example of depression and Type 2 diabetes comorbidity
to illustrate how attending to the social determinants
of mental and physical health beyond the reproductive
years contributes to a more holistic agenda for women’s
health.

The contemporary landscape of women’s health in

This shift in priorities requires that we break down the
traditional distinctions between ‘chronic’ and ‘acute’,
‘communicable’ and ‘non-communicable’ diseases be-
cause in fact they often occur together. For instance,
diabetes and tuberculosis not only coexist within a given
population but also can coexist within a single individual.
Likewise, over- and under-nutrition can exist simulta-
neously in communities, households, or even individuals
during different phases of their lives. In light of these
complex scenarios, Knaul and Frenk have suggested that
we rethink public health paradigms for the challenges of
aging populations as ‘New Challenge Diseases’ rather
than ‘non-communicable diseases’ (1). This approach
requires that we move beyond diseased-focused silos in
public health. Instead, we must address the plurality of
experiences that shape women’s health from social deter-
minants of depression, such as gendered subjugation
within the home and public sphere, to the structural
determinants of obesity and diabetes, such as poor
access to healthy foods and health care. Women living in
LMICs require special attention not only because their
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experiences are unique to women living in affluent nations
but also because such limited research is available on their
social and health problems. Bias of research from high-
income nations may construe LMIC women’s experiences
and contribute not only to knowledge displaced from
women’s social experiences but also policies and programs
that do not reflect the social, economic, and cultural
factors surrounding women’s mental and physical health
problems in LMICs.

As opposed to traditional disease-based approaches in
medicine and public health, a life course approach
encompasses the powerful role of social and economic
determinants of health in women’s lives from infancy to
old age (2, 3). This approach is particularly important for
women who may experience disproportionate social
disadvantage, gendered discrimination, and chronic, un-
treated depression when compared to men (4). Indeed,
new global data demonstrates that women’s health is
overall poorer than their male counterparts around the
world (5), and this is largely due to socially driven
inequalities. Recognizing this is crucial for understanding
and managing chronic diseases, which typically have
complex etiologies rooted in long-term lifestyle choices
as well as intergenerationally heritable characteristics,
both genetic and behavioral. A life course perspective
acknowledges, for instance, that social and economic
problems related to poverty both fuel poor health and
result from it, creating cycles that are difficult to break.

We present complexities of the comorbidity between
Type 2 diabetes and depression to illustrate the need for a
life course perspective in women’s health. Type 2 diabetes,
an adult-onset chronic disease, is widely known as a
disease of ‘modernization’ that is emerging in LMICs and
shifting from affluent to lower income groups all over the
world (6, 7). Biologists and epidemiologists identify
depression as both a cause and consequence of diabetes
(8, 9), while medical social scientists have elucidated some
of the complex socioeconomic and psychophysiological
pathways linking the two chronic conditions (10). Despite
increasing diabetes prevalence in LMICs, the research on
social experiences of those living with diabetes, depres-
sion, and their comorbidity is limited. The few existing
qualitative studies suggest that experiences differ between
men and women (11) as well as between income groups (12).

Social and economic determinants of women’s health
are fundamental in the relationship of depression and
diabetes, particularly among people of lower socioeco-
nomic status (6, 13). As underscored in the 2010 Global
Burden of Disease studies, experiences of social prob-
lems such as various forms of interpersonal abuse, and
psychological problems such as depression and anxiety,
have escalated either by detection or actual incidence
among women on a global scale (5). Stress throughout
the life course rooted in childhood trauma, abuse, or
the chronicity of poverty may be key risk factors for
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depression and/or poor eating and activity patterns that
lead to obesity and its complications, such as Type 2
diabetes (10). Complicating matters is the dual burden
associated with living in poverty in rapidly modernizing
cities that make unhealthy foods accessible and affordable,
fueling obesity epidemics in LMIC settings (7). These
inequalities create a negative feedback loop, whereby
social and economic problems increase the likelihood
of developing depression, diabetes, and their overlap,
and these illnesses together promote the development of
diabetes-related complications such as loss of limbs or
eyesight and subsequent physical disability, further com-
pounding socioeconomic inequalities (10). Finally, be-
cause of stigma and limited mental healthcare services in
LMICs (14), women experiencing this comorbidity are
more likely to seek care for diabetes than for depression,
leaving half of the comorbidity unaddressed (11).

In India, home to the second largest population of
people with Type 2 diabetes in the world (13), recent
epidemiological and qualitative data suggest that the
illness is becoming more prevalent among the middle
classes and working poor (15). In tandem, mental
healthcare is limited (16). Despite active research and
policies aimed at addressing chronic and mental health
diseases in India (17), there remains a large gap in
knowledge about how these conditions afflict various
Indian communities in their everyday lives, especially
poor women. Qualitative research on depression and
diabetes in India indicates that lower income people
experience higher rates of social stress and depression,
and poorer access to health care (12). Such research also
underscores the powerful role that gendered social roles
play in shaping women’s mental health and diabetes
outcomes (18). For example, gendered behavioral norms
orient Indian women strongly toward the care of others,
and therefore away from the self-care activities that are
usually integral to diabetes management (11). Maintain-
ing these other-care-oriented roles appears to be good for
diabetic women’s mental, but not physical, health.

The recognition of social forces as part of diabetes and
depression etiology in India and other LMICs presents
new challenges for public health because it underscores
that medicating these complex illnesses does not fully
address them. Finding a better public health solution to
comorbidities like Type 2 diabetes and depression will
likely only occur when we understand the limitations, and
harness the power of, cultural beliefs and social conditions
to shape behaviors that affect chronic diseases: how people
eat, move, and medicate; how economic conditions may
function as a barrier to treatment; and how depression may
complicate a chronic disease, both socially and physically (7).

The comorbidity between depression and diabetes among
women in LMICs is but one example of the ways in which
women’s non-reproductive health concerns deserve more
prominence in global health. It also presents a strong
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case for increased attention to social and psychological
determinants of women’s health over the life course. The
present lack of such perspectives in women'’s global health
may result from limited funding for non-reproductive
issues, lack of interest, or may simply be another mani-
festation of the great information gap between high-
income countries and LMICs. Regardless, it should be a
priority of future research, programming, and policy.

Focusing on health, not disease

Why should diabetes and depression comorbidity be on
the women’s health agenda? Depression has only become
a major global health concern in the past decade, and
has proven very difficult to address, not least because of
stigma and limited human resources for mental health-
care. This is especially true for women in LMICs, whose
access to mental healthcare may be virtually non-existent,
and whose care-seeking behaviors and budgets typically
include little, if any, room for mental healthcare. More-
over, most LMICs’ health systems are poorly equipped to
meet the complex prevention and management challenges
associated with chronic conditions like diabetes and
mental illnesses because, until very recently, infectious
diseases were the dominant population health concerns.

The Movement for Global Mental Health’s often-cited
slogan, that there is ‘no health without mental health’ (14),
emphasizes the need for integrated mental and physical
healthcare systems to combat the next generation of public
health problems. This would require an ideological and
organizational shift in biomedicine, which has until
recently viewed physical and mental health as separate
categories of pathology requiring separate treatments, but
would likely open up new avenues for cost-effective
treatment. The WHO mental health Gap Action Program
(mhGAP), for instance, suggests steps by which mental
illness diagnosis and treatment can be integrated into
primary care settings, and many initiatives are working to
actualize this goal in LMICs (e.g. PRIME: http://www.
prime.uct.ac.za/). With relatively little additional invest-
ment, basic mental healthcare could also be integrated into
existing diabetes care guidelines. Such an approach is
particularly important for women who face a higher
burden of social problems and mental illness, which
influence diabetes self-care and health outcomes. Yet, until
a more integrative approach is adopted within clinics and
public health agendas, healthcare silos will dominate
global health dialogues, funding structures, and disease-
focused (as opposed to health-focused) campaigns.

As the co-occurrence of mental and physical health
problems gains recognition in the public health agenda, a
more nuanced understanding of sociocultural influences
on women’s lifetime health is crucial. This is particularly
important in LMIC settings where women face not only
great social disadvantage but also an increasing burden
of mental and physical health problems. A life course

perspective requires acknowledging that women’s mental
and physical health are closely linked with cultural beliefs,
social experiences (both past and present), and economic
conditions over time. It also recognizes that women’s
health status shapes their social and economic conditions,
for better or worse. Strategic points of intervention can
improve women’s social and emotional well-being across
decades, which could then empower them to identify and
care for their own health problems more effectively. In this
way, integrating a social and psychological approach into
health agendas, from the clinical to the policy level, can
make a big impact.

Main findings

e Moving beyond disease-focused silos in public
health requires that we attend to the plurality of
experiences that shape women’s health from
social determinants of depression, such as gen-
dered subjugation within the home and public
sphere, to the structural determinants of obesity
and diabetes, such as poor access to health foods
and health care.

e Complexities demonstrated by the comorbidity
of depression and type 2 diabetes illustrate the
need for a life course perspective in women’s
health; social and economic factors serve as both
causes and consequences of these co-conditions.

e The recognition of social forces as part of
diabetes and depression aetiology in low- and
middle-income countries presents new challenges
for public health because it underscores that
medicating these complex illnesses does not fully
address them; this requires that we understand
the limitations, and harness the power of, cultural
beliefs and social conditions to shape behaviors
that affect chronic diseases.

Key messages for action

e Integrating a social and psychological approach
into health agendas, from the clinical to the
policy level, can make a big impact.

e Strategic points of intervention can improve
women’s social and emotional well being across
the life course, which could then empower them
to identify and care for their own health pro-
blems more effectively.

e With relatively little additional investment, basic
mental healthcare (as illustrated in the WHO
mental health Gap Action Program (mhGAP))
can be integrated into existing diabetes care guide-
lines; such an approach is particularly impor-
tant for women who face a higher burden of
social problems and mental illness, which influ-
ence diabetes self-care and health outcomes.
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PART I
Understanding epidemiological transition in India
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Background: Omran’s theory explains changing disease patterns over time predominantly from infectious
to chronic noncommunicable diseases (NCDs). India’s epidemiological transition is characterized by dual
burden of diseases. Kumar addressed low mortality and high morbidity in Kerala, which seems also to be true
for India as a country in the current demographic scenario.

Methods: NSS data (1986-1987, 1995-1996, 2004) and aggregated data on causes of death provided by
Registrar General India (RGI) were used to examine the structural changes in morbidity and causes of death.
A zero-inflated poisson (ZIP) regression model and a beta-binomial model were used to corroborate the
mounting age pattern of morbidity. Measures, namely the 25th and 75th percentiles of age-at-death and
modal age-at-death, were used to examine the advances in mortality transition.

Objective: This study addressed the advances in epidemiological transition via exploring the structural
changes in pattern of diseases and progress in mortality transition.

Results: The burden of NCDs has been increasing in old age without replacing the burden of communicable
diseases. The manifold rise of chronic diseases in recent decades justifies the death toll and is responsible for
transformation in the age pattern of morbidity. Over time, deaths have been concentrated near the modal age-
at-death. Modal age-at-death increased linearly by 5 years for females (+> =0.9515) and males (> =0.9020).
Significant increase in modal age-at-death ascertained the dominance of old age mortality over the childhood/
adult age mortality.

Conclusions: India experiences a dual burden of diseases associated with a remarkable transformation in the
age pattern of morbidity and mortality, contemporaneous with structural changes in disease patterns.
Continued progress in the pattern of diseases and mortality transition, accompanied by a linear rise in e,
unravels a compelling variation in advances found so far in epidemiological transition witnessed by the
developed nations, with similar matrices for India.
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miological transition are currently occurring at

remarkable speed in India. From a comparative
perspective, in the absence of sufficient longitudinal data
from the vital registration system, the study of epidemio-
logical transition has received much less attention to
adequately understand the major shifts in mortality and
morbidity patterns (1-3). Since the 1970s, researchers
have primarily focused on India’s demographic transition
due to the availability of good long-term demographic
trend data on mortality, fertility, and population growth
from a sample registration system (SRS) (4-9). Aside
from this, the limited number of studies that have
addressed the broader domain of India’s health transition
(comprising mortality and epidemiological transition)
have been narrowly focused because of data constraints.

The parallel processes of demographic and epide-

In general, the historical trends in mortality conditions of
low- and middle-income countries have varied from those
of high-income countries. For example, in underdeveloped
nations such as India, mortality began to fall (10, 11)
around the 1950s but accelerated through the 1970s and
1980s. For example, although the infant mortality rate
(IMR) fell by two-thirds, from 129 to 44/1,000 live births,
the crude death rate was reduced by half, from 14.9 to 7.1/
1,000 persons, during the period 1970-2011 (12, 13). In an
era of such emerging trends, India and its states have
transitioned from high mortality conditions to medium/
low mortality conditions in the last three decades.
Accumulated data from multiple sources suggest that,
consistent with the current phase of demographic and
epidemiological transition, the pace of ‘India’s Health
Transition’ has been swift (14, 15). Furthermore, the
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progress in health transition has spread over all geogra-
phical regions of India where the rise in morbidity is
accompanied by a marked fall in mortality. Nevertheless,
data also suggest notable heterogeneity among states
with the highest morbidity rates (such as 255/1,000
persons in Kerala) and the lowest (in poorer states such
as Jharkhand where the rate is 33/1,000 persons). Further
data from India’s National Sample Survey Organization
(NSSO) revealed an enormous increase in India’s mor-
bidity level during the last two decades (16—18). The rise
of noncommunicable diseases (NCDs) has been asso-
ciated with risk factors such as low physical activity, use of
tobacco, low intake of fruits and vegetables, high body
mass index (BMI), and so on. However, the government of
India (GOI) has recognized that, irrespective of these risk
factors and of socioeconomic status, NCDs are extremely
common among older people. Between 1995-1996 and
2004, the crude morbidity rate increased by more than 60
and 90%, respectively, among rural and urban popula-
tions. In both rural and urban areas, the rise in morbidity
level has been common across demographic and social
spectrum:—among females, males, social groups, monthly
per capita expenditure (MPCE) classes, and so on (16, 19).

In order to understand India’s progress in epidemio-
logical transition, in this paper we assess that country’s
structural changes in patterns of morbidity and mortality.
Omran’s (20, 21) theory of epidemiological transition
provides a useful basis for examining such shifts in
mortality and morbidity. The theory describes the process
of changing disease patterns over time—predominantly
from infectious to chronic NCDs (20, 21). However, the
theory has been benchmarked primarily based on the
experiences of developed nations where the burden of
chronic NCDs has replaced the burden of communicable
diseases. Contrastingly, in developing countries such as
India, communicable diseases have been an additional
burden due to the mounting number of NCDs (15, 16, 22).
As a result of such confounding patterns (with e, equal-
ing 66.1 years in 2006-2010), epidemiological transition
in India may be moving through the Age of Receding
Pandemics and the Age of Degenerative and Man-Made
Diseases (23). Progression to a particular stage of epi-
demiological transition is important to investigate while
India is in the midst of this swift transition.

Overall, India has been experiencing rapid structural
changes in disease patterns within the short span of the
last three decades. Advances in mortality and morbidity
transition to later stages point toward an upheaval in
epidemiological transition. Visaria (15) has brought to
light the phenomenon of the dual burden of disease and
its linkages with epidemiological transition. In rural
India, the burden of NCDs increased from 35.9 to 54.9%,
and the burden of communicable diseases declined from
47.7 to 22.1%, during the transitional period from the
1970s to the mid-1990s (15). Although the overall burden
of communicable diseases has declined, this burden is still

Understanding epidemiological transition in India

very significant. More importantly, the share of commu-
nicable diseases has not been entirely replaced by chronic
NCDs. In addition to Visaria’s study (15), John et al. (24)
have recently demonstrated the heavier burden of com-
municable diseases, which is as high as 30% of the total.
Therefore, India’s current stage of epidemiological transi-
tion can be characterized by low mortality, high morbid-
ity, and by the double burden of communicable diseases
and NCDs. These broad mortality and morbidity trends
suggest that India represents a major contrast in the
process of epidemiological transition particularly in light
of conclusions based on studies of developed nations.

Viewed from an analytical context, the structural cha-
nges in disease patterns are concomitant with the trans-
formation in the age pattern of morbidity and mortality.
The age pattern of mortality (25) has been flattening over
decades; however, the age pattern of morbidity is not
commensurate with the transformation in age pattern of
mortality. Rather, in recent decades, the age pattern of
morbidity has been mounting as a result of the increasing
prevalence of NCDs and communicable diseases (19, 26,
27). Altogether, these intervening components stimulate
the progression of mortality transition in the country (28)
thereby increasing the progress of epidemiological transi-
tion. This fundamental structural shift possibly signals
advances in epidemiological transition (26, 29, 30).
Researchers have acknowledged this phenomenon and
have studied this variation in epidemiological transition in
India (an underdeveloped nation) compared to the pro-
gress of epidemiological transition so far observed in
developed nations. Regardless, rarely any of the studies
have addressed the India’s variation in its progress of
epidemiological transition from the globally established
course of epidemiological transition. Therefore, it is
critical to fill this theoretical research gap for under-
developed nations. This paper attempts to accomplish this
by investigating fundamental processes such as the age
pattern of morbidity, structural changes in disease pat-
terns, and mortality transition to assess the course of
India’s epidemiological transition. The specific objectives
explored are: 1) the prevalence of chronic diseases among
the population aged 60 and above, 2) structural changes in
causes of death, and 3) transformation in distribution of
age-at-death and modal age-at-death. The first two
objectives explain the correlation between morbidity and
causes of death, and the third objective connects it with
mortality transition. Broadly, the study addresses whether
the structural changes in disease patterns conform to the
progression in mortality transition and hence to the
advances in epidemiological transition.

Background
The burden of communicable diseases had been domi-
nant around the world until the mid-twentieth century.
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In Africa and Asia (including India), the trilogy of small-
pox, plague, and malaria remained the ‘top killer’ diseases
until the 1960s. However, by the late 1970s, smallpox was
eradicated in India through sustained vaccination pro-
grams; better sanitation and housing reduced the overall
burden of communicable diseases (31). Nevertheless,
by the mid-1990s, other communicable diseases, such as
tuberculosis of lungs (5.3%), gastroenteritis/dysentery
(3%), and pneumonia (4.7%) were responsible for a con-
siderable number of deaths, signifying the burden of
communicable diseases. Overall, the manifold rise in mor-
bidity rates in recent decades concomitant with a decline
in mortality rates is a manifestation of the progression of
‘health transition’ (32); this is a phenomenon where the
survival rate of the population led to an increase in the
level of morbidity and a decline in mortality. Kumar (14)
explored the rapidly advancing phenomenon of ‘health
transition’ in Kerala because this state had been experi-
encing consistently high morbidity prevalence levels
with the steep fall in mortality (14). The phenomenon
expedites the process of expansion of morbidity, which is
found to be true at the national level by residence and by
sex (26, 33).

The advances in mortality transition were explored by
Ranjan Chaurasia (28) for the period 1970-2005 based
on a measure of ‘entropy’ in life expectancy tables. He
found the level of mortality continues to be high based on
international standards. Among females, the pace of
mortality transition slowed down. Comparatively, among
urban males, mortality transition was found to be com-
paratively faster.

Today, modal age-at-death is widely used for testing
mortality transition. Canudas-Romo (34), while testing
the shifting mortality hypothesis, studied the modal age-
at-death using various models, such as the Gompertz,
Logistic, Siler, and Log-Siler models. The Siler model
revealed a rise in modal age-at-death alongside a shift in
distribution of age-at-death, although the Gompertz
model only showed a shift in the distribution of age-at-
death. The earlier models assume a reduction in IMR over
time, while the later model assumes IMR is at the lowest
possible value. The results were affirmative; modal age-at-
death addressed the change in mortality. Nevertheless, a
declining IMR and adult mortality rate have an impact
on the modal age-at-death and on subsequent transforma-
tion in distribution of age-at-death. Modal age-at-death,
similar to entropy and life expectancy, differentiates the
pace of mortality transition among different categories of
population. Additionally, modal age-at-death is a measure
of length of life and is relevant for measuring dispersion of
distribution of age-at-death (35). Modal age-at-death is
useful for understanding changes in life expectancy and
corresponding changes in the age pattern of mortality. The
reduction in dispersion above the modal-age-at-death
accompanied by the concentration of death in a narrower

age-interval indicates a high to low mortality transition.
Trends in C50—a measure of mortality compression—and
modal age-at-death demonstrated virtual convergence
among the developed countries in the last stage of
epidemiological transition (35-37). Modal age-at-death
is sensitive, simple, and convenient to use and has multiple
applications, and therefore is preferred over other mea-
sures. Accordingly, it has been used globally to assess
phenomena such as mortality transition and demographic
and epidemiological transition. It is worthwhile to men-
tion that the transformation in distribution of age-at-
death is a simpler way to address phenomena such as
mortality compression, inequality in age-at-death, and
mortality transition (38).

Data and methods

In this study, we have used multiple data sources and
integrated them together for national level analysis. First
unit level cross-sectional NSSO data for 1986-1987,
1995-1996, and 2004 on morbidity of aged (60+) per-
sons were used to understand the changes in the pre-
valence rate of chronic diseases over time. The NSSO has
retained the specific section on morbidity and ailing
persons for the aged population for the three time periods
(19861987, 1995-1996, and 2004); however, data on
morbidity/NCDs for all ages is available only for the time
periods 1995-1996 and 2004. The coverage of chronic
diseases specific to the aged population remained same
for the three time periods. Also, the prevalence of chronic
diseases has escalated remarkably among the aged popu-
lation signaling rapid changes in the morbidity profile of
India (17, 18, 26). Therefore, morbidity analyses were
done for the population aged 60 and above for the three
data points. The prevalence rate of chronic diseases—
hypertension, joint and bones, asthma, heart disease,
cancer and other tumors, urinary problems, and dia-
betes—was adjusted for age, sex, residence, living alone,
dependency, hospitalization, education, MPCE, and
region (north, east, northeast, west, south, and central)
using a ZIP regression model. We used a beta-binomial
model to examine the changes in summary event rate of
chronic diseases and also in total NCDs over time for the
older population. The occurrence of chronic diseases/
NCDs in a household of an older person age 60 or above
with a reference period of the last 15 days will be a
success, otherwise failure of the event. Thus, the prob-
ability of the occurrence of chronic diseases/NCDs for an
older person in a household follows binomial distribu-
tion. However, the probability of occurrence of chronic
diseases/NCDs across households varies and follows a
beta distribution. Therefore, the application of a com-
pound distribution —beta-binomial distribution—allows
estimation of occurrence probability for the summary
event rate of chronic diseases/NCDs for the older
population across households (39). NSS 1986-1987,
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1995-1996, and 2004 provide information for 8,478;
7,016; and 18,261 households, respectively, for ailing
older persons aged 60 and above.

Second, we used aggregated data by broad age groups
from a survey of causes of death (SCD) for rural areas
(40) and mortality statistics of causes of death (MSCD)
for urban areas (41) to understand the structural changes
in causes of death. Medical certification of causes of
death (MCCD) provided mortality statistics mostly for
urban areas (42). For the period 2001-2003, RGI pro-
vided mortality statistics for both rural and urban
populations (22). These data have been used together
to construct the distribution of deaths attributable to
communicable diseases and to NCDs for rural and urban
India, respectively, and to examine the transformation in
distribution of deaths.

Third, an age specific death rate (ASDR) provided
by RGI (25) was used to construct new life tables based
on the methodology proposed by the United Nations
(43-45). The sa, values of the life tables were very close to
2.5, which confirms the uniform distribution of age-at-
death in the age groups. Therefore, the d, column of
the life table, for the age group 10 and above (46), was
disaggregated into single years using the King-Karup
method (47). Furthermore, the single-year distribution of
age-at-death was smoothed using the cubic spline method
to remove the erratic fluctuations (48, 49). Henceforth,
the truncated and smoothed distribution is referred to as
distribution of age-at-death. The transformation in dis-
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tribution of age-at-death, trends in the 25th and 75th
percentiles of age-at-death and at modal age-at-death are
mainly examined to understand the progress of mortality
transition in India (34, 35). The 25th and 75th percentiles
of age-at-death refer to the age corresponding to 25 and
75% of deaths in distribution of age-at-death; modal age-
at-death refers to the age corresponding to the modal
value of the distribution of age-at-death.

Results

In this section, we present the results of our analysis on
1) structural changes in morbidity and causes of death
and 2) transformation in distribution of age-at-death and
modal age-at-death. The results overall describe the link-
age between morbidity pattern and causes of death and
the consequent progress in epidemiological transition.

Structural changes in morbidity

Figure 1 displays the age pattern of chronic diseases—Dby
residence and by sex—for 1986—-1987, 1995-1996, and
2004. The age pattern of morbidity reveals a mounting
concentration of morbidity prevalence in the 60-64
and older age groups. The rising gradient of morbidity pre-
valence in the older ages peaked at the old—old (70-79)
ages of 75-79. As a result of such a sudden and steep
rise in the prevalence of chronic diseases, the overall
morbidity began to take a distinguishing shape in 1995-
1996 compared to the pattern observed among the
developed nations. The prevalence rate of chronic diseases

Fig. 1. Age pattern of prevalence rate of chronic diseases by sex and residence, India for 1986-1987, 1995-1996, and 2004.
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for ages 60+ increased from 48.5 in 19861987 to 69.5 in
1995-1996 and rose to 260.8 in 2004; overall, this
indicated a more than five-fold rise in the prevalence of
chronic diseases. Table 1 provides trends in the pre-
valence rate of each chronic disease among the aged
population by sex and residence. By sex and residence, the
prevalence rate of chronic diseases was highest among
urban males and was characterized by a high prevalence
among old—old and oldest of old (ages 80 and above).
Among young—old (ages 60—69), the prevalence rate was
relatively low compared to old—old and oldest of old. The
prevalence rate for cardiovascular diseases (CVDs), which
includes heart disease and hypertension, increased from
14.9 in 1986—-1987 to 19.5 in 1995-1996 and escalated to
as high as 63 in 2004, representing four-fold rise during
the period of 1986—-1987 to 2004.

In general, the age pattern of communicable diseases
does not correspond with the changing age pattern of
chronic disease. This is because the change in the pre-
valence rate of communicable diseases has not been
sufficient to mark any structural changes in the overall
age pattern of morbidity (26). In contrast, the enormous
rise of degenerative diseases compared to any other
categories of diseases, and the increased fatality rates
due to them, have been largely responsible for deaths in
older ages and, consequently, have contributed to the
structural changes in disease patterns. The overall rise in
degenerative diseases in recent decades indicates progress
in the epidemiological transition to a later stage.

It is important to validate the enormous rise of chronic
diseases because a remarkable increase in chronic NCDs
has been revealed. The beta-binomial model was tested to
estimate the summary event rate of chronic diseases,
which takes into account the variation in the chance of
occurrence of chronic NCDs across households and the

binomial distribution followed by chronic diseases in
each household (Table 2) (39). The summary event rate of
chronic diseases increased from 4.01% (0.08%) in 1986—
87 to 4.6% (0.22%), and to 12.7% (0.23%) in 2004. The
trends in summary event rate of chronic diseases reveal a
steep rise between 1995-1996 and 2004 compared with
the marginal increase between 1986-1987 and 1995-
1996. The parameters of the beta-binomial model give
alpha and beta estimates of 0.05 and 1.18, respectively,
for 1995-1996 and 0.16 and 1.1, respectively, for 2004.
The likelihood ratio test for overdispersion was signifi-
cant at the 1% level of significance for both years and
thus confirmed the applicability of the beta-binomial
model over the binomial model. The test was done for
NCDs for 1995-1996 and for 2004 (3). The summary
event rate of chronic NCDs rose by more than three times
between 1995-1996 and 2004, similar to the manifold rise
of chronic diseases.

The parameters of the beta-binomial model and the
test of overdispersion are given in Table 3. Between 1995—
1996 and 2004, chronic diseases and NCDs show a
similar manifold rise that corroborates the rises in the
prevalence rate obtained from the regression model. In
sum, the several-fold rises of chronic diseases certainly
transformed the age pattern of morbidity. This transfor-
mation in the age pattern of morbidity has been rapid
since the mid-1990s. In recent decades, degenerative
diseases have been responsible for poor health in old
ages with an increase in life expectancy in old ages (26).
Accordingly, they have been accountable for the heavy
burden of deaths in old ages. This phenomenon is indi-
cative of the increasing share of deaths due to NCDs
and of the corresponding advances in epidemiological
transition.

Tuble 1. Prevalence rate of chronic diseases among older population by residence and sex, India, 19861987, 1995-1996, and

2004
1986-1987 1995-1996 2004
Rural Urban Rural Urban Rural Urban

Chronic diseases F M F M F M F M F M F M
Asthma/cough and acute bronchitis* 10.3 17.9 11.2 19.4 14.5 18.4 8.4 12.2 19.2 337 18.8 30.6
Problems of joints and bones 10.7 11.2 9.0 83 27.6 18.0 223 140 529 333 611 411
Hypertension 7.1 6.7 19.8 18.8 111 6.5 204 16.1 286 214 80.0 60.2
Heart disease 2.1 3.3 3.8 6.3 3.4 5.7 7.0 15.4 10.0 140 31.7 453
Urinary problems 0.5 1.3 0.8 241 1.7 2.6 2.2 3.7 3.3 6.8 3.1 7.3
Diabetes 1.3 2.2 4.3 7.3 3.7 4.7 121 15.5 14.3 154 496 573
Cancer and other tumors** 0.4 0.5 0.6 0.7 1.5 1.8 1.7 1.8 3.6 2.4 4.6 3.2

Source: Author’s calculation from NSS 1986-1987, 1995-1996, and 2004; F: female; M: male.
*In 1995-1996, information was provided for cough and acute bronchitis. In 1986-1987 and 2004, information was provided for asthma.
**In 1986-1987, information was provided for cancer only. In 1995-1996 and 2004, information was provided for cancer and other tumors.
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Table 2. Summary event rate for chronic diseases, India,
1986-1987, 1995-1996, and 2004

Event rate
Year (SE) %

Dispersion

(SE) % « B 2(LBB-LB)

1986-1987 4.01 0.08 60.70 4.50 0.06 1.57 870.85"*
1995-1996 4.60 0.22 80.30 9.20 0.05 1.18 440.65"*
2004 12.70 0.23 79.10 5.30 0.16 1.10 930.42***

Source: Author’s calculation from NSS 1986-1987, 1995-1996,
and 2004. LBB: Log Likelihood of Beta Binomial model; LB: Log
Likelihood of Binomial model.

**Significant @ 1% level of significance.

Structural changes in causes of death

Structural changes in overall disease patterns over a
period of 30 years and more, with the concomitant trans-
formation in the age pattern of morbidity and mortality,
resulted in significant structural changes in causes of
death (50-53). During the 1970s and 1980s, infectious
and parasitic diseases were the dominant cause of death
in India. Among rural populations, diarrhea (diseases of
the digestive system), cough (disorders of the respiratory
system), and fever were responsible for 8, 23 and 15.5%,
respectively, of the total deaths in 1972. The share of
these diseases declined to 36 and 31% (40), respectively,
in 1982 and 1997 with a considerable share of deaths
attributable to tuberculosis of the lungs, gastroenteritis/
dysentery, and pneumonia. Among the urban popula-
tion, infectious and parasitic diseases, diseases of the
respiratory system, and diseases of the digestive system,
were responsible for 26, 10 and 6%, respectively, of total
deaths in 1975. In 1985, these diseases accounted for
36.4% of total deaths, but this figure declined to 28.1% in
1995 (41). Among the urban population, the burden of
respiratory tuberculosis and pneumonia accounted for an
average of 5 and 3%, respectively, of total deaths from
2001 to 2004 (42).

Over time, with the modest decrease in the burden of
communicable diseases, NCDs emerged as a major cause
of death. The mortality burden attributed to NCDs has
been increasing over time without replacing the burden
attributed to communicable diseases. Among rural popu-
lations, the burden of NCDs increased from 12% in 1977
to 13% in 1982 and 28% in 1997 (40). The decade of

Table 3. Summary event rate for noncommunicable disease,
India, 1995-96 and 2004

Event rate  Dispersion
Year (SE) % (SE) % o B 2 (LBB-LB)
1995-1996 5.10 0.22 77.20 8.60 0.06 1.23 439.08**
2004 16.00 0.25 79.20 4.90 0.20 1.06 930.42***

Source: Author’s calculation from NSS 1995-1996 and 2004.
***Significant @ 1% level of significance.

Understanding epidemiological transition in India

the 1990s witnessed a major rise in the burden of NCDs.
Among urban populations, the share of NCDs increased
from 29% in 1975 to 35% in 1985 and 36% in 1995 (41).
In general, the burden of NCDs among urban popula-
tions as compared to rural populations has been con-
sistently higher. Among urban populations, the major
changes in disease patterns were caused by infectious and
parasitic diseases, which declined steeply by 10% during
1975-1995, and diseases of the circulatory system, which
increased asymptotically to the highest share and en-
grossed the largest share of 21% of total burden of
diseases in 1995 (Figs. 2 and 3).

Diseases of the circulatory system have been the pro-
minent killers in recent decades as compared to infectious
and parasitic diseases, which were the top killer dis-
eases until the 1980s. In contrast to urban populations,
throughout the period 1972-1997, rural populations’ top
killer diseases had been those of the respiratory system,
though the rate has been declining over time. Apart from
these prominent causes of deaths, injuries, poisoning,
and death caused by other external factors have been
significantly responsible for changes in disease patterns.
Among rural and urban populations, the burden of this
category of diseases increased from an average of 4 and
8.5%, respectively, in earlyl1970s to an average of 11 and
12%, respectively, in late 1990s. In later half of 1990s,
among both rural and urban populations, males in
general were at greater risk of dying than females. In par-
ticular, there were more deaths among males due to
infectious and parasitic diseases and to diseases of the
circulatory system. These have been the prominent killer
diseases, and they have largely shaped the disease patterns.

The recent report on causes of death from 2001-2003
provides percentage share of causes of death by major
categories of diseases. The results assert that CVDs are
the top Kkiller diseases in rural as well as urban areas and
more profoundly among urban males. By age groups, for
the age groups of 25-69 and 70+, deaths due to CVDs
were highest among urban males. For example, deaths
due to chronic NCDs were higher by 4 and 2%, among
urban males aged 25-69 and 704, respectively, than
among urban females (22). In 2006, studies by Joshi et al.
conducted in the eastern and western Godavari regions of
Andhra Pradesh demonstrated similar findings. Death
data were recorded using a verbal autopsy method from
a well-established cause of death surveillance system
for a rural area. Joshi et al. affirm chronic NCDs as the
leading cause of death in this area, which indicates
the rapid progress of epidemiological transition in rural
India (30).

Figures 4 and 5, for rural and urban population,
respectively, show the distribution of deaths attributable
to communicable diseases and NCDs by broader age
groups separately by residence for selected years (40, 41).
For each category of disease by residence, the distribution
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Fig. 2. Share of major causes of death among females and males, rural India, 1975-1995: Infectious and parasitic diseases,
circulatory diseases, respiratory diseases, diseases of the digestive system, injury, poisoning, and certain other external causes,
such as senility.

Fig. 3. Share of major causes of death among females and males, urban India, 1972-1997: Infectious and parasitic diseases,
circulatory diseases, respiratory diseases, diseases of the digestive system, injury, poisoning, and certain other external causes.
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Fig 4. Distribution of deaths attributed to communicable diseases and NCDs, by broad age groups, rural India, 1977, 1987, and

1997.

of death is comparable. Over time, the transformation in
the distribution of deaths is apparent. Among rural and
urban populations, the burden of deaths due to commu-
nicable diseases had been dominant for children aged
0—-4. In general, among the adults and the aged popula-
tion (15 and above age groups), the proportion of deaths

due to communicable diseases had been increasing over
the time period (Figs. 4 and 5, left panel). The proportion
of deaths in adult and old ages was prominent between
the mid-1980s and the mid-1990s, indicating faster
progress in the shifting of deaths to higher ages from
lower ages.

Fig 5. Distribution of deaths attributed to communicable diseases and NCDs, by broad age groups, urban India, 1975, 1985,

and 1995.
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Nevertheless, the transformation in distribution of
deaths attributed to communicable diseases seemed
modest. Relatively, the transformation in distribution of
deaths attributed to NCDs seemed prominent. The shape
of distribution of deaths attributed to communicable
diseases had been relatively uniform across the ages in
comparison to the highly skewed distribution of death
attributed to NCDs, depicted in Figs. 4 and 5. Compared
with the lower burden of NCDs for children’s age groups,
older rural and urban populations bore a comparatively
higher burden of NCDs. Among rural and urban popu-
lations, deaths had been increasingly concentrated in the
ages of 55 and above and of 45 and above, respectively
(Figs. 4 and 5, right panel). The transformation in dis-
tribution of deaths attributed to NCDs unravels a much
larger proportion of deaths drifting toward old ages.
Comparatively, urban populations experienced a higher
burden of NCDs than rural populations over a wide range
of ages. There was a rapid increase in the concentration of
deaths in older ages from the mid-1980s and the mid-
1990s, signaling a rapid transformation in distribution of
deaths attributable to NCDs. The fall of mortality rates in
adult ages and the resulting increase to 8% in 2011 (54) in
the proportion of deaths among the aged population
demonstrate that the marginal lives in old ages are prone
to an elevated risk of dying. Therefore, the age structural
transition supplements the transformation in age-at-death
and structural changes in disease patterns.

These results confirm that India did not see any fall in
the burden of diseases with the progress of demographic
and epidemiological transition, but that it moved to
a more challenging stage of double burden of disease
dominated by burden of NCDs in old ages. However, as
may be seen in the progressive stage of epidemiological
transition, the rise in the burden of NCDs tends to
correspond with the enormous rise in the prevalence rate
of chronic diseases. This empirical evidence supports the
structural changes in causes of death vis-a-vis transforma-
tion in the age pattern of morbidity and mortality.
The growing burden of chronic diseases in older ages is
a manifestation of structural changes in the disease
patterns. These changes in the age patterns of morbi-
dity and in the causes of death structures signal pro-
gress in epidemiological transition of India, albeit as a
notable variant from the pattern observed for developed
countries.

Mortality transition in India

India experienced a significant rise in life expectancy at
birth (eg) during the reference period of the study. The eq
of India among females and males—increased by 14 and
19 years, respectively, from 1970-75 to 2006—10 (13, 23),
signifying marked improvement in the health status of the
population. The states of India display more insightful
patterns. Among rural females of Kerala, life expectancy

reached 77.2 years in 2006-2010, which is no less
remarkable progress compared to developed nations.
Over time, the IMR and CDR have fallen considerably.
In addition, the adult mortality rate fell from 274 to 213
(per 1,000 populations) during 1990-2008 (55). Hence,
the population is surviving to higher ages, and as a result,
deaths are occurring at higher ages. Aside from this, the
growing burden of chronic diseases in older ages and the
concomitant structural changes in the disease patterns
impel the transformation in the age pattern of mortality.

Changes in the age pattern of mortality are better
understood in terms of distribution of age-at-death. In
principle, transformation in distribution of age-at-death
complies with the transformation in age pattern of
mortality (38). Over time, the fact that deaths are occurr-
ing at higher ages is apparent (Fig. 6). Of all the ages,
deaths tend to be concentrated near the mode of the
distribution of age-at-death, which generally falls in the
old ages. As this process progressed, the distribution of
age-at-death tended to be unimodal in the 1990s, instead
of the bimodal pattern seen in the 1970s and 1980s; this
resulted in a definite shape to the distribution of age-at-
death. The drifting of deaths toward higher ages and the
concomitant concentration of deaths in old ages turned
the distribution of age-at-death to a bell-shaped curve
in recent decades. This transformation in distribution of
age-at-death displays the impressive progression of mor-
tality transition and its ramifications on epidemiological
transition.

The progression in mortality transition can be exam-
ined by using relevant measures such as the 25th percen-
tile of age-of-death, the 75th percentile of age-at-death,
and the modal age-at-death. Table 4 provides the trends
of the 25th and 75th percentiles of age-at-death by
population categories: rural-urban and female-male at
intervals of five years during the period of 1970-2007.
Among urban females, the 25th and 75th percentiles of
age-at-death increased linearly from age 60 and age 80,
respectively, in 1970-1974; and from age 68 and age 85,
respectively, in 2003—-2007. Among urban males, the 25th
and 75th percentiles of age-at-death increased linearly
from age 57 and age 78, respectively, in 1970-1974; and
from age 62 and age 82, respectively, in 2003-2007.
Similar linear increases in percentiles of age-at-death
were observed for rural females and males. Though the
linearity was similar for all population categories, the 25th
and 75th percentiles of age-at-death for urban females
remained consistently higher throughout the time period
when compared to other categories of population.

As supported by the findings of Wilhelm Lexis in 1877
(49), life table deaths move up in the left-hand slope of
the distribution of age-at-death, implying a reduction in
premature mortality. Among rural and urban females, the
25th percentile of age-at-death shifted to the right by
8 and 10 years, respectively. This shift had been passive
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Fig 6. Distribution of age-at-death and modal age-at-death for selected years, female and male, India, 1973-1977, 1983-1987,

1993-1997, and 2003-2007.

among males as compared to females. As life table deaths
drifted to higher ages, the left-hand slope of the dis-
tribution of age-at-death tends to be more vertical, mov-
ing most deaths near the modal age-at-death. Therefore,
greater reduction in premature mortality, or alternatively
the rapid fall in adult mortality, results in the concentra-
tion of deaths in old ages and the overall transformation
in age-at-death. Correspondingly, the right-hand slope of
the distribution of age-at-death also tends to be vertical;
however, this shift is weaker compared to developed
nations (Fig. 6) (35).

As a result of this process, most deaths are concen-
trated near the modal age-at-death, leading to rises in the
modal values of distribution of age-at-death. With the
rise in modal values, the modal age-at-death increased
linearly, r* =0.9615 for females and r* =0.9120 for males.
Among urban females and males, modal age-at-death in
1970-1974 increased linearly from age 75 and age 71.5,
respectively, to age 80.5 and age 76, respectively, in 2003—
2007. Among rural females and males, the modal age-at-
death increased from age 73 and age 70, respectively,
in 1970-1974, to age 77.5 and age 75, respectively, in

Tuble 4. Trends in 25th and 75th percentiles of DOD, by residence and sex, India

25th percentile of DOD

75th percentile of DOD

Year Rural female  Rural male  Urban female Urban male Rural female Rural male Urban female  Urban male
1970-1974 54 54 60 57 76 75 80 78
1974-1978 55 54 60 57 76 75 80 77
1979-1983 58 57 63 59 79 76 81 79
1984-1988 59 57 62 59 79 77 82 78
1989-1993 61 58 65 60 79 78 82 79
1994-1998 62 58 65 61 81 78 84 80
1999-2003 63 58 66 61 82 79 84 82
2003-2007 64 60 68 62 83 80 85 82
Adj. R** 0.9678 0.8694 0.9362 0.9414 0.9502 0.9451 0.9099 0.8485
Source: Author’s calculation from RGI (25); DOD: distribution of age-at-death.
*Adj. R? is based on 34 observation of percentile age-at-death between 1970 and 2007.
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2003-2007 (Fig. 7). Throughout the reference periods,
females—irrespective of their residence—showed a con-
sistently higher modal age-at-death than did their male
counterparts. This is because of higher ¢, among females
than males, especially in old ages. The simultaneous pro-
cess of accumulation of deaths near the modal age-at-
death and the shift in modal age-at-death toward higher
ages casts a thin shape to the distribution of age-at-death.
Therefore, this suggests a decline in variance in age-at-
death or the process of compression of mortality over the
time period (36, 46, 49).

Comparisons of modal age-at-death between India and
some developed nations (such as Sweden, Switzerland, the
UK, France, Italy, and Japan) reveal that India’s modal
age-at-death in recent decades corresponds to modal age-
at-death of developed countries in the 1930s and 1940s
(Fig. 8a and 8b) (37). Therefore, India significantly lags
behind developed nations in the progress of mortality
transition—that is, in demographic and epidemiological
transition (28). Nevertheless, in recent decades, a sus-
tained and rapid decrease in mortality rates and the linear
increase in e,, the 25th and 75th percentiles, and in the
modal age-at-death provide an irreversible and definite
shape to the distribution of age-at-death manifested as
advances in mortality transition.

The progression in mortality transition is evident and
phenomenal. Most older age deaths have been character-
ized by and attributed to the increasing prevalence of
chronic diseases and fatality from them. In addition, the

increasing burden of communicable diseases in old ages
augments the number of total deaths. Altogether, the
advances in mortality transition are concomitant with the
structural changes in disease patterns vis-a-vis mounting
age patterns of morbidity and mortality. In sum, these
phenomena provide evidence of rapid progress in demo-
graphic and epidemiological transition.

Discussion and conclusion
In this study, we examined the structural changes in
patterns of diseases vis-a-vis advances in mortality transi-
tion, which unraveled the considerable progress of epi-
demiological transition. From 1970 to 2007, India moved
swiftly from the dominance of child and adult mortality
to a progressive phase dominated by old age mortality.
Although the initial periods of the 1970s and 1980s were
characterized by a larger burden of communicable dis-
eases, the burden of chronic NCDs emerged as a major
cause of old age deaths in the later period even though
communicable diseases responsible for deaths have been
interchanged. Currently, the burden of communicable
diseases remains substantially higher and is accountable
for more than a 30% share of all deaths (15, 22, 32).
Although the burden of communicable diseases im-
pacted a variety of ages during the 1970s and 1980s, by
the mid-1990s, the burden of communicable diseases had
increased considerably in adult and old ages. At the same
time, the burden of chronic NCDs has been increasing
in old ages; therefore, those who survived through their

Fig 7. Trends in modal age-at-death by sex and residence, India, from 1970-1974 to 2003—2007; rural female, rural male, urban

female, and urban male.
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Fig. 8. Trends in modal age-at-death among females and males of selected developed countries and India, including Sweden,

Switzerland, the UK, France, Italy, and Japan.

early years to middle and old age are susceptible to an
elevated risk of dying. The mounting age pattern of
chronic diseases in recent decades corroborates the higher
death toll attributed to NCDs in old ages, and the
emerging age pattern of mortality confirms the process
of postponement of death. Among urban aged females,
the prevalence rate of hypertension and problem of joints
and bones rose from 20.4 and 22.3, respectively, in 1995—
1996 to 80 and 32, respectively, in 2004. Among urban
males, chronic diseases such as heart disease and diabetes
rose from 15.4 and 15.5, respectively, in 1995-1996, to 45
and 57, respectively, in 2004 (Table 1). Hence, in recent
decades, the enormous increase in the prevalence rate of
chronic diseases and resulting fatalities has been respon-
sible for structural changes in disease patterns.

The results showed remarkable progress in mortality
transition consistent with structural changes in disease
patterns. The emerging bell shape of the distribution of
age-at-death manifests as an increasing bulk of deaths
near the modal age-at-death. The phenomenon is being
propelled by the linear increase in e,, in the 25th and 75th
percentiles of age-at-death, and in the modal age-at-
death. The modal age-at-death shifted by almost 5 years
compared to an increase of 2.7 years in e;o, during
1970-2007. The shift in modal age-at-death evidently
demonstrates the dominance of old age mortality over the
childhood/adult age mortality (34). Globally, the older
age mortality is characterized by the heavy burden of
NCDs. However, India has moved to a more challenging

stage of demographic and epidemiological transition and
has experienced a double burden of diseases. India’s
evolving stage of epidemiological transition generally
is not seen among developed nations, where mortality
and morbidity are compressed in later years of life.
In India, death is concentrated in later years of life but
is accompanied by a mounting burden of morbidity.
Comparatively, India’s mortality conditions lag behind
those of developed nations by almost 60-70 years.
Continued progress in mortality transition and structural
changes in the disease patterns accompanied by a linear
rise in e, indicates that there is a compelling variation in
advances found so far in epidemiological transition
witnessed by the developed nations, with similar matrices
for India.

Amidst demographic and epidemiological transition,
India is experiencing a remarkable transformation in the
age pattern of morbidity and mortality, the structural
changes in disease patterns and consequent double
burden of diseases and in mortality transition. Progres-
sion in such fundamental and integral demographic
processes is evidence of advances in epidemiological
transition in the last four decades. All the categories of
population, that is, rural-urban and female-male are
advancing in epidemiological transition. Urban females
have experienced the greatest structural changes in
disease patterns and mortality transition compared to
other population categories and are leading in epidemio-
logical transition.
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Main findings

e India is currently experiencing the double bur-
den of communicable and non-communicable
diseases. In recent decades, the age pattern of mor-
bidity has been rising, primarily due to increased
prevalence of chronic diseases, resulting in sig-
nificant structural changes in disease patterns.

e Modal age-at-death is rising in India, demon-
strating the dominance of old age mortality over
childhood/adult mortality; this is mostly attribu-
table to the high prevalence of chronic diseases
and ensuing fatality.

o Similar to developed nations, most Indians now
live to old age; however, they are experiencing
increasing number of years lived with disability
as a consequence of increasing morbidity. Con-
tinued reductions in mortality and structural
changes in disease patterns strongly indicate epi-
demiological transition in India, as these patterns
begin to emulate those seen in developed nations.

Key messages for action

e India is experiencing rapid health transition,
including increased life expectancy at old ages
(€60 and above). However, the older population is
living in poor health. Comprehensive health
interventions are required for prevention and
control of chronic diseases.

e Urban females lead in epidemiological transition
with higher life expectancy and high morbidity
rates, and thus require urgent interventions.

o In terms of mortality transition, India lags be-
hind developed nations. The combination of a
double burden of disease with high morbidity
rates presents challenges for improving the
overall health status of the population and
necessitates a comprehensive policy and action
to prevent and control this burden and promote
healthy ageing.
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Changes in mortality and human longevity in Kerala:
are they leading to the advanced stage?
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Background: During the last century, Kerala witnessed drastic mortality reduction and high improvement in
longevity. This achievement is often compared with that of developed countries. However, how far the early
advantages in mortality reduction have further enhanced in Kerala remains unknown. In most developed
countries, advanced stage of mortality reduction and further increase in longevity was achieved mainly due to
the mortality shift from adult and older ages to oldest ages (Olshansky and Ault 1986).

Objectives: Considering the lack of comprehensive study on the change in longevity in Kerala, this study
focuses on discovering (i) the historical time-periods that provided the biggest gain to life expectancy and also
the beneficiaries (by age group and sex) and (ii) the contributions of major groups of causes of death in
mortality reduction and consequent improvement in longevity.

Methodology and data: The study uses the methodology proposed by Olshansky and Ault in 1986. It used
methods such as Temporary Life Expectancy (TLE), Annual Relative Change in TLE, Decomposition of
changes in longevity among different age groups (gender and spatial) and causes of deaths, for the analysis. It
used data from various sources such as Census, Civil Registration System (CRS) and Directorate of Health
Services (DHS), as well as survey data from Sample Registration System (SRS) and Medically Certified
Causes of Deaths (MCCD) for this study.

Finding and conclusion: The study found that overall mortality dramatically declined in the state in the recent
decades. Younger ages have contributed the most for this reduction. Therefore, further mortality reduction is
possible in adult and early old ages. However, the contribution of these ages to life expectancy was lower than
that of youngsters until 1991-2000 especially among males. This may indicate a slow progress towards
the advanced stage of epidemiological transition characterized by high prevalence of non-communicable
diseases. The paper concludes that although the health issues of infants, children, and mothers in the
reproductive age group, are effectively addressed through various policies in Kerala, the state needs to focus
more on the health problems of adults, especially males.
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decline in mortality and considerable advancement

in life expectancy. This change was often compared to

the pattern observed in developed countries (1, 2). Inter-
estingly, Kerala has achieved low mortality despite low per
capita income and higher incidence of malnourishment (3,
4). This remains a paradox to the development theorists.
The changes in Kerala were highlighted as unique and
referred to as the ‘Kerala Model’ of development (3, 5, 6).
There are conflicting arguments on the rapid decline
in mortality and the reasons thereof. On one hand, it is
postulated that state intervention since 1956 has played a

In the past century, Kerala witnessed a remarkable

major role in achieving reduction in mortality. According
to a group of scholars, including Panikar and Soman,
the increase in life expectancy was the result of superior
medical care through primary health institutions and
other measures, such as provision of clean water, sanitary
facilities, and an efficient public distribution system,
introduced since the formation of the state in 1956
(4, 7). The primary health institution includes primary
healthcare services such as vaccination, direct medical care
for infectious diseases, and perinatal, maternal, and child
care, besides raising general awareness about health. In a
comprehensive study, Caldwell (8) described that the role
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of the state was inevitable for the high rate of mortality
decline in Kerala. He pointed out the role of state-
supported healthcare and education system, ensuring
accessibility to public health to all, universal immuniza-
tion, and the provision of antenatal and postnatal services,
as a noteworthy aspect in achieving a high rate of mortality
decline in Kerala. Another study by Krishnan (9) also
enunciated the role of the state by citing the evidence of
improved health outcomes in the Malabar region after the
expansion of state health facilities in that region. Contrary
to this, some scholars argued that the beginning of the
massive reduction in mortality in Kerala could be traced to
the era before the formation of the state. Kerala was formed
on November 1, 1956, by merging Travancore and Cochin,
two princely states, with Malabar (a part of erstwhile
Madras presidency) on a vernacular basis. They argued
that social and cultural improvement, especially through
education, climatic conditions, the scattered pattern of
settlements, and the mysterious disappearance of a major
cause of death, namely plague, were the prime factors for
reduction in mortality (5, 10, 11). However, there was no
detailed historical assessment of mortality reduction and
increased life expectancy in Kerala that could lend clarity
to this debate. Moreover, the recent changes in the pattern
of mortality were not analyzed carefully.

A comprehensive assessment of mortality trends neces-
sitates an investigation into the expected pattern of change
based on the experience in developed countries. Mortality
reduction is closely linked to the shifts in disease pattern.
In the first stage of mortality reduction, the shift occurs in
the cause of death pattern from infectious to chronic-
degenerative diseases (12). This leads to a distribution of
death from younger to older age groups (>50 years).
However, the transition later moves from the older age
groups to the oldest age group, which is also known as the
age of delayed degenerative diseases (13). At this stage,
there is further postponement of death in older to the
oldest age groups (ages more than 80) as a result of bring-
ing down deaths from degenerative diseases from adult
ages to older ages (13). Similar stage of epidemiological
transition is also later suggested by Omran where it was
described as Age of declining cardiovascular mortality with
ageing, life style modification as well as more death from
emerging and resurgent diseases. He also predicted a fifth
stage, namely Age of aspired quality of life, with paradox-
ical longevity and (futuristic stage) persistent inequities.

Although it is well known that Kerala has moved
from younger age group mortality to older age groups,
the extent of transition to the oldest age group (delayed
degenerative disease pattern), and its major causes of
death remain unknown. Even though various studies have
shown clear dominance of lifestyle/chronic diseases as
causes of death and morbidity, they were restricted only
to particular social and economic groups or to a specific
period of time (14—16). Nevertheless, a preliminary study
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was conducted by Thomas in 2012 (17) aimed at looking
into the changes in mortality by using point estimates such
as mortality rates and causes of death, among others, and
it was found that there was a transition in mortality to the
adult age groups. Similarly, causes of death shifted to
chronic degenerative lifestyle diseases from infections
and primary healthcare—oriented diseases. Hence, it was
necessary to conduct an in-depth investigation into this
problem to identify the exact contribution of different
age groups to life expectancy. Secondarily, there is also
necessity to identify the contribution of major causes of
death to the improvement in life expectancy in Kerala.

Considering the aforementioned aspects, this paper
examines the pattern of mortality changes and human
longevity in Kerala since the beginning of the past century.
It aims to capture the dynamics of mortality reduction
over the decades to explore the levels and trends in the
transition process. Further, it investigates how far Kerala
has moved from older age group mortality to the oldest age
group mortality as experienced in the developed countries.
Specifically, the analysis attempts to establish the time-
periods that provided the biggest gain to life expectancy
and also the beneficiaries (by age group and sex) and the
extent of mortality reduction. It was also of interest to
know the contributions of major groups of causes of death
in mortality reduction.

Data and methodology
A major difficulty in measuring mortality transition in
Kerala emerges from the unavailability of a single reliable
data set in the past century. The only reliable data prior
to the 1960s are the decennial census in India (13, 14, 18—
21). However, the inception of the Sample Registration
System (SRS) in Kerala provided an alternative and more
reliable data on mortality after the mid-1960s. Therefore,
the study mainly uses these two data sets for the purpose
of estimation, that is, the first main set of data is from
Monograph No: 7, Census of India 1961 (1911-20 to
1951-60) (18, 19) and rest of the data (1971-80 to 2001—
08) are from the SRS. However, there was no readily
available data for the period from 1961 to 70. Therefore,
the study uses figures from the Western Model of Life
Tables by Coale, Demeny, and Vaughan (22) for the decade
1961-70 as proxy considering the life expectancy of
Kerala as estimated by Bhat (23). The study also uses
data from the survey of Medically Certified Causes of
Deaths (MCCD) for estimating the contribution of major
group of causes of deaths in the advancement of longevity
in the state. The MCCD data were obtained from the
Registrar General of India’s Report on Medical Certifica-
tion of Cause of Death for various years, published by the
Office of the Registrar General and Census in New Delhi.
It is understandable that the data used for the study are
limited by their quality. The census data used to analyze
the patterns of mortality are constrained by the inaccuracy
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in the mortality estimations due to two factors. First, to
make reliable estimates of mortality from census data, a
supplementary data on infant and child mortality are
essential. These are not always readily available. Second,
the census data are often subject to bias due to rampant
misreporting of age by the respondents (13). Similarly, the
proxy mortality rates taken from the “Western Model of
Life Table’ may have slight variations between different age
intervals. At the same time, the quality of mortality data
from SRS may also be restricted by their own sample size.
Likewise, the data from MCCD are also handicapped by
their lack of quality and non-availability. Considering this
fact, this study uses information on causes of death from
MCCD that is available from 1976 for urban areas in the
state.

The paper follows the methodology forwarded by
Olshansky and Ault (16) considering the possibility of
mortality reduction from adult and early old age groups
to the oldest age group. It compares the change in absolute
value of mortality level by the increase or decrease in life
expectancy between different periods. However, a major
lacunae of life expectancy indicator is that it measures
the mortality level for an open age interval x and above.
Therefore, it is often limited to the problems of data
reliability in older age groups and the restriction on limits
of human life span (24). To avoid these problems, the paper
analyses the relative risk of mortality transition for closed
age interval (x, X +n) by using Temporary Life Expectancy
(TLE) and index of Annual Relative Change (ARC) of
TLE in the second section. Finally, the paper analyses
changes in relative importance of death in older age groups
in Kerala by estimating the rate of survival to older age
groups, median age of death, and the exact contribution
of each group (by age and sex) toward life expectancy at
different time intervals. The study also decomposed the
improvement in life expectancy by major group of causes
of death to identify the dominance of major diseases.

For the purpose of analysis, the study classifies the
male and female population into three major groups as
youngsters (aged 0—15 years), adults (aged 15-60 years),
and old (> 60 years). However, the adults and the aged
population are again sub-divided into young adults (aged
15-40 years), old adults (aged 40-60 years), older age
group (aged 60—80, and the oldest age group (aged 80+)
for cross examination while considering the vulnerability
of diseases (25, 26). Similarly, the historical periods are
also divided into different decadal intervals.

An overview of changes in death rates and life
expectancy in Kerala

Magnitude of absolute change in life expectancy

Through the reduction in mortality rates, an impressive
level of life expectancy has been achieved in Kerala since
1911-20. Such a change can be seen over the time periods

as well as among the age and sex groups. Table 1 records
the levels and changes in the life expectancy in the state
over the past century. It shows that the life expectancy
at birth of males rose from 25.5 years in 1911-20 to 70.7
years in 2001-05. Similarly, female life expectancy in-
creased from 27.4 years to 77.1 years. This improvement
gave an advantage of 45.2 years for males and 49.7 years
for females within 88 years of time — an average annual
increase of about 0.51 and 0.56 years, respectively. How-
ever, the average annual increase within each decade
reflects disparities among the decades, that is, the pace of
increase in life expectancy was not constant but varied
from decade to decade as shown in the Table 1. Except
in 1951-80 for both sex groups and 192140 for males and
1971-90 for females, the annual contribution of absolute
years to life expectancy was below the overall average
showing a low pace in those decades. However, the two
decades of 1951-60 and 1961-70 recorded a high pace in
absolute changes of life expectancy. Perhaps, the actual
value of the increment will be more in terms of relative
changes considering restriction due to the limits of human
life span (24).

Similarly, the magnitude of changes in life expectancy
is different among the age groups, as shown in Table 2.
The early decades registered a high, absolute change
in life expectancy in the younger age groups. Never-
theless, a slowdown in gains in life expectancy in the
younger age groups and comparatively high gains in life
expectancy in the advanced age groups are visible in the
recent. For instance, the absolute change in life expec-
tancy for females at birth during 1911-20 to 1941-50 was
15.6 years (56.9%) while it was 4.1 years (48.8%) at age
at 60. But in recent decades (1971-80 to 2001-08),
the absolute changes in life expectancy at birth was by

Tuble 1. Levels and changes of life expectancies at birth in
Kerala during 1911-20 to 2001-08

Absolute Annual average
Period increase years added

From To Male Female Male Female
1911-20 2001-08 45.25 49.71 0.51 0.56
1911-20 1921-30 4.05 5.29 0.41 0.53
1921-30 1931-40 5.49 5.22 0.55 0.52
1931-40 1941-50 4.58 5.06 0.46 0.51
1941-50 1951-60 4.63 5.17 0.46 0.52
1951-60 1961-70 9.90 9.41 0.99 0.94
1961-70 1971-80 7.83 7.10 0.78 0.71
1971-80 1981-90 4.53 7.64 0.45 0.76
1981-90 1991-00 2.68 2.76 0.27 0.28
1991-00 2001-08 1.56 2.07 0.19 0.26

Source: Calculated from Namboodiri, 1968; Coale, Demeny and
Vaughan, 1983; Bhat, 1987; SRS various years.
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Tuble 2. Life expectancy at different age levels in Kerala during 193140 to 2001-08, by sex

1911-20 1921-30 1931-40 1941-50 1951-60 1961-70 1971-80 1981-90 1991-00 2001-08

Male

0 255 29.5 35.0 39.6 44.2 54.1 62.0 66.5 69.2 70.7
15 29.6 33.8 35.5 38.5 41.5 49.0 53.2 55.0 55.9 57.0
40 15.1 17.0 18.4 20.6 22.7 28.6 30.4 32.0 32.7 33.7
60 6.9 8.6 9.7 10.6 11.5 14.4 15.0 16.6 16.7 17.4
80 - - 3.8 4.0 4.3 5.1 5.3 6.6 6.9 6.9
Female

0 27.4 32.7 37.9 43.0 48.1 57.6 64.7 72.3 751 771
15 28.9 33.7 36.8 40.3 43.6 51.6 56.3 60.6 61.6 63.4
40 16.6 17.8 224 24.3 26.3 31.2 33.3 37.0 37.8 39.4
60 8.4 9.0 11.5 12.5 13.4 16.0 16.3 19.2 19.9 21.2
80 - - 4.2 4.5 4.8 5.6 5.3 6.9 7.3 7.9

Source: Calculated from Namboodiri (18); Coale, Demeny, and Vaughan (22); Bhat (23); SRS various years.

12.4 years (19.2%), 4.9 years (30.6%) at age 60, and 2.6
years (49.1%) at age 80 in Kerala. This indicates a major
shift in the relative gain at different ages toward increase
in life expectancy. There is an obvious reversal of gains in
life expectancy at the younger ages has given way to a
drastic increase in the life expectancy at the advanced
ages. Nevertheless, this change in advanced age groups
was relatively lower among males than females. Between
1971-80 and 2001-08, the life expectancy of males in-
creased only by 8.7 years at birth (14.0%), by 2.4 years
(16.0%) at age 60, and by 1.6 years (30.2%) at age 80
indicating delay in mortality transition among them.

The sex difference in life expectancy, especially at
birth, is also a notable feature of life expectancy changes
in Kerala as indicated in Table 2. The table shows a narrow
level of discrepancy in life expectancy at birth during
the early decades, which widened in the more recent
decades. For instance, in 1911-20, the sex difference at
birth was only 1.9 years and rose to 6.4 years in the 2001—
08 period. It is important to note that this sex difference
in life expectancy has remained at a higher level since
1981-90, with females surging ahead in gaining greater
mortality decline and improvement in life expectancy than
males. This change is very different from the US experience
where the sex difference in life expectancy was projected to
end in the fourth stage of epidemiological transition (13).
In short, the analysis of absolute change in life expectancy
shows that life expectancy in Kerala has improved over the
decades in absolute terms. However, there are differences
in the magnitude of such changes across the time periods
as well as among age and sex groups.

The absolute life expectancy estimates, which can be
used as a proxy to the rate of mortality, suffer from
problems of relative magnitudes. In other words, the
possible change in life expectancy indicators depends on
the level of already achieved life expectancy (24). More-
over, the estimation of life expectancy is constrained
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by technical problems of unreliability of data, especially
pertaining to the older age groups (generally more than
65 years) in the developing countries (25). Besides, there
is a possibility of a counteracting effect, which neutralizes
the contribution of different age groups — a high mortality
increase experienced by one group is offset by a reduction
in the other group (27). This point to a certain level of
arbitrariness in results (with respect to mortality changes)
which was estimated from the absolute life-expectancy
indicators. These lacunae in estimation call for an alterna-
tive measure to capture the changes in mortality consi-
dering its relative risks at different age structures, life
expectancy levels, and the quality of data at different age
groups. Therefore, we use TLEs and the index of ARC of
TLE for further analysis.

Transition in relative risk of mortality by age
and sex

Temporary life expectancies

Table 3 shows TLE at select exact age intervals by sex for
Kerala between 1931-40 and 2001-08. The TLE (ix)
from age x to (x+1) is the average number of years that
a ‘group of persons’ alive at exact age x will live from age
X to (x+ 1) years (24)

T —T.,..

where, “x represents the TLE from age x and x+ n.
T, and T, ; are the number of person-years lived at age
I, and older, and x+1i and older, respectively. /, is the
number of survivors at age x in a life table (as radix) of
100,000.

Table 3 records a substantial increase in TLE over
the decades in Kerala. However, the nature and pace
of this change are different across age intervals as well
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Tuble 3. Observed temporary life expectancies at selected exact age intervals by sex (1931-40 to 2001-08)

1931-40 1941-50 1951-60 1961-70 *1971-80 *1981-90 *1991-00 *2001-08

Male

0-80 34.96 39.49 44.01 53.40 60.95 64.76 67.24 68.56
0-15 10.85 11.48 12.06 12.94 13.79 14.34 14.69 14.77
15-40 22.12 22.61 23.04 23.71 24.46 24.53 24.60 24.62
40-60 14.32 15.29 16.11 17.88 18.45 18.54 18.77 18.89
60-80 9.33 10.11 10.88 13.03 13.48 14.23 14.20 14.70
Female

0-80 37.75 42.69 47.68 56.41 63.30 69.49 71.82 73.13
0-15 11.43 12.04 12.62 13.20 13.77 14.42 14.73 14.78
15-40 21.58 22.21 22.76 23.81 24.52 24.68 24.74 24.78
40-60 15.88 16.47 17.11 18.34 19.06 19.38 19.44 19.57
60-80 10.87 11.66 12.39 14.13 14.49 15.94 16.22 16.74

Source: Calculated from Namboodiri (18); Coale, Demeny, and Vaughan (22); Bhat (23); SRS various years.

*The findings from 1971 onward have been taken from ref. 17.

as decade intervals. It can be observed that the TLE
between birth and age 80 increased to 68.56 years and
73.13 years in the 2001-08 period for both males and
females, respectively. It means that male babies born in
Kerala during the 2001-08 period can be expected to
live 68.56 years, whereas female babies can be expected
to live 73.13 years, provided the mortality rates in the
period when they were born remains constant throughout
their lives. Nevertheless, though the expected lifespan in
Kerala has almost doubled during this period, it still
leaves room of 11.44 years and 6.87 years, for both male
and female groups, respectively, for further improvement.
The change in TLE was also different among various
age groups. It shows that younger age groups benefited
more from the TLE changes than the older age groups
over the decades. It should be noted that the subgroups
(0-15, 15-40, 40—60) had already attained almost maxi-
mum TLE (difference was below 0.5 years) before 1971—
80, except for males in the age group of 40-60. Also,
though the older age group (60-80) achieved improve-
ment in TLE, there is still ample room for improvement.
It also indicates that the possibility of further mortality
reduction is concentrated in the older age groups (40—60,
60—-80). Moreover, it should be noted that the changes in
TLE showed a severe stagnation for males, especially in
these age groups in the past four decades in Kerala.
Though the data show an improvement in TLE in
almost all age groups over the decades, the changes are
similar for both sexes across the different age groups.
Difference between the TLE at birth and age 80 can be
taken as an instance where it shows a difference of 4.57
years in 2001-08. It also shows that there is a miniscule
sex difference in the younger age groups (0-15, 15-40)
and high disparities in the older age groups (40-60
and 60-80). It denotes that the overall difference in
TLE between the ages 0 and 80 years would be due to the

disparities between males and females in the older age
groups. It is also worth mentioning that the reduction
in difference in TLE in the younger age groups could
be a result of effective control over the causes of death in
the younger age groups. Perhaps, this has not happened
in the case of the older age groups. A comparatively lower
TLE for males than females (females almost near the
maximum) in the age group 40—60 years and 60—80 years
means that the mortality shift was unequal and that more
males than females lagged in those age groups.

Index of ARC of in TLE
The index of ARC in TLE during 1931-40 to 2001-08 in
Kerala is recorded in Table 4. It represents the percentage
change in two mortality measures in their observed
reduction in deaths in relation to the total possible
reduction (24). In other words, it shows the change in
number of years lived between two periods considering
the maximum possibility of reduction in that age group.

The ARC can be calculated as: ;ARC)=[l —
(1- ,.RC;‘)é] -100, where ;ARC! represents Index of
ARC in TLE; n is the number of years, and ;RC? is the
observed change in TLE in relation to the maximum
possible change,

where ;RC” can be calculated as, ,RC" = "% where

" — e 1s the absolute change of TLE of ;égrs of life
between two particular ages; i is the maximum possible
TLE between the age intervals.

The figures in Table 4 indicate high variations in the pace
of improvements in TLE across sex and time-period. By
and large, it can be said that significant changes happened
between 1951-60 and 1981-90. It may be recalled that our
analyses of Crude Death Rates (CDR) and absolute
changes in life expectancy have pointed to a similar effect
for the period after state formation. Almost all the ages and
sex subgroups were at their best performance in terms
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Tuble 4. Annual Relative Change Index of TLE at selected age intervals by sex in between different decades (1931-40 to

2001-08)
1931-40| 1941-50| 1951-60| 1961-70| *1971-80| *1981-90| *1991-00|
1941-50 1951-60 1961-70 1971-80 1981-90 1991-00 2001-08
Male
0-80 1.05 1.18 2.98 3.28 2.21 1.76 1.36
0-15 1.62 1.78 3.52 5.14 5.89 7.30 3.68
15-40 1.86 1.96 4.10 8.38 1.33 1.60 0.73
40-60 1.86 1.90 5.88 3.09 0.57 1.71 1.31
60-80 0.76 0.81 2.65 0.66 1.22 —0.06 1.12
Female
0-80 1.24 1.43 3.10 3.40 4.52 2.47 2.16
0-15 1.86 2.17 2.73 3.71 7.25 7.52 2.42
15-40 1.99 2.18 6.14 8.77 3.94 2.01 2.24
40-60 1.52 1.99 5.40 5.53 412 0.88 3.46
60-80 0.89 0.92 2.56 0.64 3.01 0.70 1.83

Source: Calculated from Namboodiri (18); Coale, Demeny, and Vaughan (22); Bhat (23); SRS various years.

*The findings from 1971 onward have been taken from ref. 17.

of TLE in that period. It could be due to the provision of
better healthcare measures that responded to the causes of
death at different time-periods in Kerala.

However, the performance of ARCs in TLE indices
is negligible in the recent decades. This rapid decline
in pace, especially in younger age groups, may be due to
the fact that the TLE in younger age groups have rapidly
approached the size of age interval and the limits of
further decline. However, it is also seen in Table 7 that the
ARC in TLE in the advanced age groups for both sexes
(40-60 and 60-80) was comparatively lower than that
of the early age groups after 1971-80 in most cases.
This is interesting because we expected more changes
in the older age groups considering the possibility of
the advanced mortality reduction indicating a shift of
mortality from the older to the oldest age groups.

Sex difference in pace of improvement in TLE is
another issue of concern. It was recorded that in all the
periods except 1951-60 to 1971-80 at the 0—15 and 60—-80
age groups, 1981-90 to 1991-2000 at the 40-60 age
group, and 1991-2000 to 2001-08 at the 0—15 age group,
the pace of change was higher for females than males.
Moreover, though the difference in the pace was low in
1931-40 to 1941-50, it stabilized thereafter at a higher
level till 1981-90. Later, it dropped further for almost all
age groups, then picked-up again in the 2001-08 period.
This phenomenon was more intensive in the younger
age groups than the in the older age groups. Nevertheless,
the low performance of pace indices of TLE among older
age groups, especially with regard to males than females,
may be an indication of a lag in moving toward the stage
of advanced mortality reduction in Kerala.

To sum up, the analysis of changes in the relative risk in
mortality reflects an impressive change in TLE in Kerala

during the past century. It was noted that the younger age
groups contributed almost their maximum capacity to
TLE by the reduction in mortality. However, the contribu-
tion was low from the older age groups which differed from
our expectation. Moreover, there were high disparities
prevalent between males and females in TLE, especially in
the older age groups. This could be due to a low rate of
increase in male TLE during those periods. Similar finding
is also evident in the annual index of TLE. Notably, there
was low rate of change in the indices of TLE after 1981-90
in most cases in advanced age groups.

Changes in relative importance of mortality at
older ages

The epidemiological transition theory put forward by
Olshansky and Ault (13) emphasized the importance of
mortality changes in the older age groups. In order to
analyze the importance of mortality in the older age
groups, this section attempts to discuss the changes in
the median age of death and the proportion of survival
to older age groups. Further, we analyze the contribution
of each age group toward increments in life expectancy
to identify the recent dynamics of mortality change and
thereby understand the possibility of advanced stages of
epidemiological transition.

Median age at death and proportion survival to
older age groups

Over the decades, it has been observed that the propor-
tion of survival of population from birth to the oldest age
group has increased in Kerala. Table 5 records sex-wise
distribution of the proportion of survival to ages 60 and
80, and median age at death in the state during the past
century. It can be observed in Table 5 that the median age
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Tuble 5. Median age at death and proportion of survival to age at 60 and 80, by sex in Kerala during 1911-20 to 2001-08

1911-20 1921-30 1931-40 1941-50  1951-60 1961-70 1971-80 1981-90 1991-00  2001-08

Median age at death

Male 20.82 30.67 39.55 45.46 50.92 63.23 68.96 71.29 72.30 73.85
Female 26.03 35.14 39.19 47.47 55.31 67.32 72.40 77.21 78.38 80.03
Proportion surviving to age 60

Male 9.67 15.08 20.86 28.27 36.13 55.46 68.46 73.27 77.66 80.39
Female 11.75 17.77 27.60 35.73 44.16 61.59 75.53 84.85 88.27 90.42
Proportion surviving to age 80

Male 0.22 0.97 1.80 3.21 14.44 19.26 26.27 28.02 31.56
Female 0.73 1.36 3.95 6.41 20.44 25.49 40.75 44.61 50.26

Source: Calculated from Namboodiri (18); Coale, Demeny, and Vaughan (22); Bhat (23); SRS various years.

of death is being pushed toward the older age groups
in Kerala. Notably, the median age of death was 20.82
for males and 26.03 for females in the early decades of
the century but rose to 73.85 and 80.03 for males and
females, respectively, in the recent decades.

Similarly, the proportion of survival to the age of
60 and 80 from birth has also increased considerably over
the decades in the past century. Table 5 shows that the
proportion of survivors into the age of 60 was 9.67 for
males and 11.75 for females in 1911-20 and increased to
80.39 and 90.42, respectively, in 2001-08 — approximately
an eight-fold increase for both sexes. A similar increase is
also seen in the proportion of people who survived to the
age of 80 (the oldest age group). It may be noted that the
survival to the oldest age group from birth cohorts in
1911-20 was less than 1%, but it increased to more than
30 percent in 2001-08 for both the sexes. The propor-
tion of population who live for more than 60 years has
dramatically increased over the century, thereby pushing
mortality to the older age groups in the recent decades.

However, the pace of change in median age of death
and the survival ratios vary across decades as well as by
sex group. It can be observed that the rate of increase in
both the median age of death and the survival ratio were
relatively lower in the recent decades than in the early
decades for both sexes. It could be due to low contribu-
tion from older age groups, whereas the expectations
from the younger and adult ages are low because they
are already close to maximum reduction. However,
males have recorded relatively lower median age of death,
lower survival to old ages, and comparatively lower rate
of growth compared to females in Kerala. In a nutshell,
the changes in proportion of survival to the older ages
and the median age of deaths in the state indicates an
increasing relevance of elders and their mortality to
the ongoing improvement in life expectancy in Kerala.
However, these indicators are incapable of revealing
the exact contribution of the different age groups to the
decline in mortality, which in turn bring about changes

to life expectancy, limiting the possibility of understand-
ing the advanced stage of mortality decline.

Contribution from each age group to gains in
longevity

Decomposition of contribution of mortality decline from
different age groups to the gain in life expectancy is one
of the best measurements for identifying the advanced
stage of mortality decline and human longevity in Kerala.
According to the theory of epidemiological transition,
at the fourth stage, we expect a higher contribution of
life expectancy from the older age groups when the
life expectancy increases to its maximum. Therefore,
it is important to assess the relative contribution of age
groups at different periods in order to ascertain the
pattern of mortality change. The percentage contribution
of each age group in gain in life expectancy at different
periods is shown in Table 6.

Kerala experienced high improvement in life expectancy
in the decades of 1951-60 to 1971-80 as shown in the
table. The positive values indicate the percentage gains
in life expectancy due to decline in mortality. Similarly, the
negative values indicate reduction in life expectancy due
to increase in mortality. However, we have ignored the
negative figures from the mainstream interpretation
because they are very few, of small magnitude, and refer
to the oldest age group where misreporting of age at
death is relatively high. The improvement peaked during
1951-70 gaining more than 9.5 years of life expectancy.
During this period, all age groups contributed signifi-
cantly. However, the contribution of the younger age
groups (0—15) was the highest. It is visible that in all
periods, except for the recent one, the younger age group
(0—15) is the most important contributor to life expectancy
improvement. This contribution of this group ranges from
28.3 to 69.6% for males and 16.2 to 64.1% for females.
Nevertheless, their contribution was comparatively higher
in the 1981-90 to 1991-2000 period but declined in the
1991-2000 to 2001-08 period.
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Tuble 6. Contribution of mortality change at selected ages to total change in life expectancy by sex in Kerala in between

different decades, 1931-40 to 2001-08 (%)

1931-40| 1941-50| 1951-60| 1961-70| 1971-80| 1981-90| 1991-00|

1941-50 1951-60 1961-70 1971-80 1981-90 1991-00 2001-08
Male
LE + 4.58 4.63 9.90 7.83 4.53 2.68 1.56
0-15 54.7 53.0 415 54.6 63.8 69.6 28.3
15-40 21.5 21.1 20.9 28.0 6.4 9.1 7.0
40-60 19.6 20.2 27.2 13.1 5.1 18.9 29.6
60-80 41 5.6 10.0 3.9 19.1 —-0.5 35.9
80 + 0.1 0.2 0.4 0.3 5.6 3.0 —-0.9
All 100 100 100 100 100 100 100
Female
LE + 5.06 517 9.41 7.10 7.64 2.76 2.07
0-15 50.6 50.1 30.6 43.3 49.5 64.1 16.2
15-40 31.0 27.2 35.9 33.7 9.0 8.4 9.0
40-60 13.0 15.9 21.6 20.5 12.2 7.9 20.6
60-80 5.2 6.4 11.1 3.4 24.0 141 39.3
80 + 0.2 0.4 0.8 —0.8 5.3 5.4 14.8
All 100 100 100 100 100 100 100

Source: Calculated from Namboodiri (18); Coale, Demeny, and Vaughan (22); Bhat (23); SRS various years using the formulae given by

Preston et al. (28).

However, the contribution of the age group 15-40 varies
from period to period. It is seen that the contribution was
high (between 20.9 and 35.9%) until 1971-80 but sig-
nificantly came down (between 6.0 and 9.1%) after this
period for both the sexes. The drastic change could be
due to the fact that this age group had attained almost
the maximum possible reduction during those decades.
However, the age group of 40—60 years shows an increas-
ing pattern in the contribution to life expectancy over the
decades for both the sexes. Their relative contribution
was below 20 percent in 1931-40 to 1941-50 but was
significantly higher during the 1991-2000 to 2001-08
period. Interestingly, the contribution of the oldest age
group (60-80) shot up from a nominal share (below 5%)
to >35% during the same period.

It must be noted that the data for 2001-08 present
a different picture. Though the values are small and the
period does not represent a decade, the figures show
a reversal from the previous trend. It indicates a high
contribution of improvement in life expectancy from the
oldest age group than from the youngsters as a result of
greater reduction in mortality among adults and the
older age groups when compared with the youngsters.
Therefore, the emerging trends may indicate the begin-
ning of a fourth stage of mortality reduction in Kerala
as it has happened in developed countries. Moreover,
the new trend is more evident in females than in males;
the females are in advanced momentum of changes in
life expectancy, whereas males are slow in decline in

mortality during their adulthood and in the older age
groups.

Contribution to total changes in life expectancy
by causes of death

The total changes in the life expectancy, absolute as
well as its percentage contributions of years by causes of
deaths to total changes in the life expectancies at selected
exact ages in urban areas in Kerala are given in Tables 7
and 8. Table 7 shows that life expectancy in Kerala has
been increased by 7.92 years for males and 11.13 years
for females during the period 1976 to 2000-04 in urban
areas. Notably, all the groups of causes of death have
contributed positively to these changes. However, higher
share of the contribution is from infectious and parasitic
diseases which was contributed 32 and 24 for percent-
age respectively for both males and females during this
period. Also, contribution by non-communicable dis-
eases, accidents, and injuries is commendably low in the
same period.

The mortality change of a specific cause may differ
from one period to another and therefore, the contribu-
tion of this cause may also vary with time as shown in
Table 8. The table shows the changes in life expectancy by
the contribution of different groups of diseases in the
urban areas of Kerala for two time-periods (from 1976 to
1990-94 and from 2000 to 2004). It is reflected that the
life expectancy in Kerala has improved by 5.95 years for
males and by 8.59 years for females in 1976 to 199094
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Tuble 7. Contribution of mortality changes by causes of deaths to the total increment in life expectancy in 1976 to 2000-04,

Kerala* (Urban)

Endocrine, Accidents,
Gain Infectious Circulatory Respiratory  Digestive nutritional, poisonings
in LE and parasites diseases Neoplasm diseases diseases metabolic diseases and injuries  Others”

Males (1976 to 2000-04)

0-1 1.66 0.52 0.00 0.01 0.26 0.08 0.10 0.01 0.43
% 100.00 31.52 0.14 0.32 15.68 4.85 5.92 0.31 25.68
1-4 1.08 0.34 0.01 0.01 0.15 0.07 0.05 0.01 0.22
% 100.00 31.17 0.82 1.05 14.19 6.10 4.78 0.81 20.62
5-14 0.39 0.18 —0.01 0.02 —0.01 0.06 0.01 0.00 0.06
% 100.00 46.38 —3.82 5.89 —1.60 14.86 3.02 —0.12 14.40
15-44 1.19 0.37 —0.01 0.11 —0.03 0.16 0.05 0.03 0.16
% 100.00 30.90 —0.64 9.60 —2.34 13.03 4.21 2.84 13.41
45-64 2.28 0.67 0.48 0.15 —0.01 0.19 0.06 0.02 0.16
% 100.00 29.55 21.05 6.65 —0.64 8.33 2.84 0.95 6.82
65 + 1.30 0.46 0.01 0.18 —0.21 —0.03 —0.15 0.12 0.04
% 100.00 35.26 0.92 13.70 —16.39 —2.16 —11.27 8.93 2.79
All 7.91 2.54 0.48 0.48 0.15 0.52 0.13 0.19 1.06
% 100.00 32.16 6.08 6.12 1.91 6.59 1.64 2.34 13.37
Females (1976 to 2000-04)

0-1 2.26 0.70 0.03 0.01 0.35 0.11 0.09 0.01 0.60
% 100.00 30.92 1.40 0.27 15.57 4.74 3.87 0.64 26.67
1-4 1.92 0.69 0.03 0.02 0.25 0.10 0.07 0.02 0.40
% 100.00 35.68 1.82 0.92 13.17 5.00 3.56 1.04 20.92
5-14 0.53 0.16 0.01 0.02 0.03 0.05 0.01 0.03 0.11
% 100.00 29.67 2.63 3.66 5.40 9.87 2.30 5.14 21.00
15-44 1.21 0.18 0.11 0.07 0.01 0.19 0.01 —0.06 0.21
% 100.00 14.57 8.83 5.94 0.73 15.40 0.71 —5.05 17.42
45-64 2.28 0.40 0.66 0.35 0.05 0.12 0.08 0.03 0.21
% 100.00 17.55 29.13 15.53 2.22 5.17 3.51 1.33 9.23
65 + 2.92 0.57 0.35 0.17 —0.18 —0.15 —0.18 0.36 0.64
% 100.00 19.60 12.09 5.81 —6.08 —5.07 —6.18 12.43 21.99
All 11.13 2.69 1.21 0.64 0.52 0.41 0.08 0.39 2.18
% 100.00 24.19 10.83 5.74 4.63 3.70 0.68 3.55 19.60

Source: Calculated from the compiled figures of medically certified causes of deaths in 1976 and 200004 of Trivandrum, Kochi, Kollam,

and Kozhikode Corporations and Alappuzha municipality.

*Figures are unadjusted for non-classification of causes of deaths, " comprise other diagnosed causes of death.

periods in Kerala while it is only 1.97 years and 2.54
years, respectively, for males and females between 1990—
94 and 2000-04. Between 1972 and 1990-94, the con-
tribution by the infectious and parasites groups was
comparatively higher for both males (1.86 years) and
females (2.06) in the urban areas. However, between
1990-94 and 200004, the contribution from this group
dwindled for both males (0.74 years) and females (0.84
years).

The contribution from circulatory and digestive dis-
eases, and accidents and injuries increased in the latest
period. The circulatory diseases, which were making
a negative contribution to the life expectancy in 1976 to
1990-94, became a positive contributor in 1990-94 to

2000—04, with a contribution of 1.32 years for males
and 1.94 for females. On the contrary, in 1990-2004, the
contributions of neoplasm (only females), endocrine, and
nutritional and metabolic diseases were negative, whereas
they were contributed positively between 1976 and 1990—
94. Though the contribution of males and females are
roughly similar, females have higher contribution in most
of the groups, especially from circulatory diseases. Also,
the low contribution of females toward neoplasm, and
respiratory and digestive diseases are a matter of concern.

The table 8 also indicates contributions made by each
cause to changes in life expectancies at different age
groups that greatly vary among both males and females.
The contributions by infectious diseases and parasites to
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Tuble 8. Absolute contributions of mortality changes by causes of deaths to the total increment in life expectancy in 1976 to
1990-94 and 1990-94 to 2000—04, Kerala* (Urban)

Endocrine, Accidents,
Cause Gain Infectious Circulatory Respiratory  Digestive nutritional, poisonings
of death inLE and parasites diseases Neoplasm diseases diseases metabolic diseases and injuries  Others "
Male (1976 to 92)
0-1 1.33 0.44 0.02 0.01 0.23 0.07 0.09 0.01 0.21
1-4 0.90 0.24 0.02 0.01 0.14 0.05 0.05 0.00 0.18
5-14 0.50 0.17 0.04 0.03 0.01 0.05 0.01 0.02 0.08
15-44 0.51 0.22 —0.05 0.08 —0.06 0.03 0.03 —0.26 0.14
45-64 1.28 0.46 —0.04 0.12 —0.04 —0.03 0.07 —0.12 0.31
65 + 1.42 0.33 —0.60 0.46 —0.01 —0.14 0.00 —0.02 0.48
Total 5.95 1.86 —0.61 0.70 0.27 0.04 0.25 —0.37 1.41
Male (1992 to 2000-04)
0-1 0.30 0.08 —0.01 —0.01 0.02 0.01 0.00 0.00 0.22
1-4 0.16 0.10 —0.02 0.01 0.01 0.01 0.00 0.01 0.04
5-14 —0.13 0.01 —0.05 —0.01 —0.02 0.00 0.00 —0.02 —0.03
15-44 0.69 0.16 0.04 0.04 0.03 0.13 0.02 0.27 0.03
45-64 1.07 0.22 0.57 0.04 0.03 0.24 —0.01 0.16 —0.18
65 + —0.13 0.17 0.80 —0.36 —0.28 0.15 —0.20 0.18 —0.59
Total 1.97 0.74 1.32 —0.30 —0.20 0.53 —0.18 0.58 —0.51
Female (1976-92)
0-1 1.85 0.61 0.04 0.01 0.31 0.09 0.08 0.01 0.35
1-4 1.49 0.51 0.03 0.02 0.17 0.07 0.06 0.00 0.31
5-14 0.47 0.12 0.04 0.02 0.03 0.04 0.01 0.02 0.10
15-44 1.00 0.25 0.09 0.04 0.07 0.08 0.02 0.04 0.21
45-64 1.06 0.16 0.11 0.28 0.03 —0.01 —0.03 —0.04 0.19
65 + 2.71 0.41 —0.73 0.38 0.17 —0.13 0.02 0.19 1.09
Total 8.59 2.06 —0.42 0.74 0.78 0.14 0.15 0.20 2.25
Female (1992 to 2000-04)
0-1 0.35 0.07 —0.01 0.00 0.03 0.01 0.01 0.00 0.25
1-4 0.41 0.17 0.01 0.00 0.08 0.02 0.01 0.02 0.09
5-14 0.06 —4.91 7.07 0.25 1.49 —1.89 —0.63 —1.32 —0.16
15-44 0.18 0.08 —0.09 —0.01 0.00 0.04 0.01 0.01 0.14
45-64 1.30 0.26 0.62 0.07 0.02 0.14 0.13 0.08 0.01
65 + 0.24 0.21 1.45 —0.29 —0.46 —0.02 —-0.27 0.23 —0.61
Total 2.54 0.84 1.93 —0.23 —0.34 0.22 —0.12 0.37 —0.12

Source: Calculated from the compiled figures of medically certified causes of deaths in 1976 and 2000-04 of Trivandrum, Kochi, Kollam,
and Kozhikode Corporations and Alappuzha municipality.
*Figures are unadjusted for non-classification of causes of deaths, " comprise other diagnosed causes of death.

life expectancy improvement were slightly higher among
the younger age groups between 1976 and 1990-94. But

contribution to life expectancy, which is considerably
increasing with ages. Almost similar change is also visible

this difference disappeared in the recent period (1990-94
to 2000—04) due to miniscule contributions from all age
groups. Also, contributions of major causes of deaths
such as circulatory diseases increased considerably in the
recent period. The overall contribution of circulatory
diseases was negative in the 1976 to 1990-94 period,
mainly due to low or even negative contributions from
the adult and the older age groups. However, in contrast,
the recent period witnessed a positive turn in their

in the accidents, poisoning, and the injuries group. In
contrast, the contribution of neoplasm and respiratory
diseases came down to a negative level in the older age
groups between 1992 and 2000-04.

In short, it is understandable that the improvement
in life expectancy slowed down in the recent decade in
Kerala. Though the contribution of major cause of deaths
like infectious and parasites, circulatory diseases contrib-
uted positively, it was not significant enough to move up
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the entire life expectancy to the highest ages of life
span. Also, contributions of other major groups such as
neoplasm and respiratory diseases worsened. However, a
tendency of increasing contributions to the life expectancy
from the oldest age groups is visible reflecting a movement
toward the advanced stages mainly among females.

Discussion

A major focus of the paper is to identify the period
during which mortality transition and improvement in
human longevity significantly happened in Kerala. Our
analysis found that, though Kerala has experienced a
drastic decline in mortality and a resultant impressive
growth in life expectancy throughout the past century,
the major reduction occurred between 1951 and 1970.
Decline in child and infant mortality rates has played an
important role during the period, resulting in drastic
reduction in mortality. These findings corroborate with
that of others, especially Caldwell, who pointed out the
historical time period when the state had experienced
the highest mortality reduction by using macro level
indicators. Moreover, such corroboration also nullifies
the arguable inconsistency in the core trend in mortality
decline that stems from usage of different data sets
for estimation over a centurial period. Also, the higher
reduction of mortality achieved through a reduction in
infant and child mortality was the result of health-
care intervention by the state through effective primary
healthcare programs such as building awareness, vaccina-
tion, and so on, as pointed by the scholars. This draws
parallels between Kerala’s experience and that of other
developing countries where primary healthcare has been
more dominant than the socioeconomic improvements
in the early stages of mortality reduction. Moreover, it
upholds the fruitfulness of state intervention in mortality
decline — a concept that can be adopted in the developing
countries where the socioeconomic factors slow down
the pace of mortality changes.

The second aim of the analysis was to understand
the changes in the mortality decline and improvement in
life expectancy in different age and sex groups to figure
out the possibility of mortality transition reaching an
advanced stage in the state. Our speculation was that
mortality reduction would be higher in the older age
groups denoting the onset of advanced stages in the state.
The analysis of TLE reveals that the age groups below 60
(except males at 40—60) have already reached their limit
of mortality reduction in contributing to life expectancy.
Thus, the possibility of a further mortality decline that
can contribute to an improvement in life expectancy is
confined to the older age groups. However, the analysis
of Index of ARC in TLE found that the pace of TLE in
the older age groups (40—60 and 60-80) is relatively lower
than in youngsters, implying low mortality decline in the
older age groups.

Median age at death and survival proportional to age
60 and 80 reflect the relative importance of reduction
in old age mortality for further increasing life expectancy
in the state. However, the contribution of different age
groups to life expectancy until 1991-2000 shows that
reduction in mortality in adults and the older age groups
contributed <50 percent to increments in life expectancy.
It indicates that the state has not yet entered into the
advanced stage of mortality transition. Nevertheless,
there is a recent overall tendency of increasing contribu-
tion from older age groups toward life expectancy.
This could point to an emergence of this advanced stage,
particularly among females.

The slow reduction in the mortality rates among
adults and elders are associated with the ongoing
epidemiological transition and mismatches in health
policies in Kerala. The third aim of our analysis, the
decomposition analysis on changes in life expectancy by
the major causes of death is corroborating with this
finding. Notably, the state is experiencing more deaths
due to non-communicable diseases such as cardiovascular
diseases, neoplasm, accidents, and injuries by shifting the
dominance of deaths from infectious diseases and ma-
ternal and child deaths in the recent decades as part of
ongoing epidemiological transition. These causes affected
the adults and elders to a large extent. The shift in the
causes of death necessitates a different level of healthcare
mechanism. In other words, the post-1971 epidemiologi-
cal stage in Kerala requires promotive and curative inter-
vention in addition to maintaining the existing primary
healthcare facilities. In view of this, any delay in the onset
of the advanced stage of mortality transition is caused
by lower mortality decline of adults and elders and raises
concerns over the efficiency of the existing healthcare
system in tackling the additional challenges.

At this juncture, the experience of developed countries
such as the United States and western European coun-
tries can shed some light. The basic feature of advanced
mortality reduction in these countries was the reduc-
tion in morbidity mainly as a result of a combination of
preventive and health-promotive measures. Moreover,
supplementing their successful primary healthcare model
with a supportive intervention by providing accessible
healthcare facilities and financial support through health
insurance also contributed to their success. However,
such focused strategies are not yet widely implemented
in Kerala. Since Kerala already has a good network of
primary healthcare services, the focus should shift to the
health problems of adults and address concerns related
to their morbidity and mortality. The current trends in
disease pattern suggest that different strategies other
than the typical primary healthcare intervention followed
are necessary for addressing the emerging changes in the
disease pattern in the state.
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Main findings

o Health issues of infants, children, and mothers of
reproductive age have been effectively addressed
by various policies in Kerala, leading to dramatic
decreases in overall mortality and increase in life
expectancy during the last century.

e Further mortality reduction is possible in adult
and early old age groups, which could further
increase life expectancy in Kerala.

o The limited reduction in mortality in the adult
and early old age groups in Kerala during the last
century is mainly due to the effects of highly
prevalent non-communicable diseases. This also
indicates a slow progress towards the advanced
stages of epidemiological transition.

Key messages for action

o Health status of adult and elderly men is un-
satisfactory, particularly given the large differ-
ences in mortality observed between men and
women in these age groups; future government
policy should prioritise their health needs.

e High mortality and morbidity in Kerala are
now mainly due to non-communicable diseases;
planning and policy in healthcare should reflect
these changes in disease patterns.

e Priority should be given to strategies for disease
prevention and health promotion, in addition
to existing curative healthcare services, in order
to curb the challenges from non-communicable
diseases.
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PART I

The epidemiological transition in Antananarivo,
Madagascar: an assessment based on death
registers (1900-2012)
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Background: Madagascar today has one of the highest life expectancies in sub-Saharan Africa, despite being
among the poorest countries in the continent. There are relatively few detailed accounts of the epide-
miological transition in this country due to the lack of a comprehensive death registration system at the
national level. However, in Madagascar’s capital city, death registration was established around the start of
the 20th century and is now considered virtually complete.

Objective: We provide an overview of trends in all-cause and cause-specific mortality in Antananarivo to
document the timing and pace of the mortality decline and the changes in the cause-of-death structure.
Design: Death registers covering the period 19762012 were digitized and the population at risk of dying was
estimated from available censuses and surveys. Trends for the period 1900-1976 were partly reconstructed
from published sources.

Results: The crude death rate stagnated around 309, until the 1940s in Antananarivo. Mortality declined
rapidly after the World War II and then resurged again in the 1980s as a result of the re-emergence of malaria
and the collapse of Madagascar’s economy. Over the past 30 years, impressive gains in life expectancy have
been registered thanks to the unabated decline in child mortality, despite political instability, a lasting eco-
nomic crisis and the persistence of high rates of chronic malnutrition. Progress in adult survival has been more
modest because reductions in infectious diseases and diseases of the respiratory system have been partly offset
by increases in cardiovascular diseases, neoplasms, and other diseases, particularly at age 50 years and over.
Conclusions: The transition in Antananarivo has been protracted and largely dependent on anti-microbial
and anti-parasitic medicine. The capital city now faces a double burden of communicable and non-
communicable diseases. The ongoing registration of deaths in the capital generates a unique database to
evaluate the performance of the health system and measure intervention impacts.
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tion describes a long-term shift from a regime of
high and fluctuant mortality, dominated by infec-
tious diseases, to a regime of low mortality where deaths
are predominantly due to non-communicable diseases
(NCDs) linked with population aging and changes in
lifestyles (such as increasing fat and calorie consump-

The theoretical model of the epidemiological transi-

tion, decreasing exercise, and tobacco use) (1). In western
countries, there has been considerable debate over the
chronology of this transition and the contribution of
better nutrition, rises in living standards and advances in
medical science to the decline in mortality (2, 3). The
relevance of this model for Latin America and Asia has
also been widely debated (4-7). Less attention has been
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devoted to sub-Saharan Africa (SSA), apart from a
few case studies on Accra (8), South Africa (9), and
Mauritius (10). In SSA, the epidemiological transition
started only after the World War II, largely thanks to
public health measures that were internationally sup-
ported (11). It has progressed at a much slower pace than
in other developing regions. For instance, although life
expectancy was around 36 years in SSA and India in
1950-1955, it had reached 65 years in India in 2005—
2010, against only 53 in SSA (12). Over the past 30-40
years, child mortality has declined dramatically in most
African countries, but conspicuous stalls were observed
in the 1990s and early 2000s. These setbacks were related
to the HIV epidemic, temporary declines in immunization
rates and upsurges in malaria-related mortality (13).
Declines in child mortality have not been matched by
sustained improvements in adult survival either. Since the
1990s, most countries in eastern and southern Africa have
witnessed enormous surges in adult mortality because
of AIDS. Progress in adult survival has been limited even
in countries whose HIV epidemics have been small.
Madagascar is an exception in this regard, because adult
and child mortality rates have evolved in concert toward
a regime of low mortality, as they have in Ethiopia or
Senegal. According to estimates from the Demographic
and Health Surveys (DHS), the probability that a new-
born would die before reaching age 5 (sqo) in Madagascar
was 0.20 in 1985 and had declined to 0.08 by 2005.
The probability that a person aged 15 would die before
reaching age 60 (45q;5) was around 0.36 in 1985 (among
males) and had declined to 0.28 by 2005 (13). As a re-
sult, no country in SSA had a higher life expectancy
than Madagascar during the period 2005-2010 (62
years), except for small islands such as Cape Verde and
Mauritius (12). And yet Madagascar is among the
poorest countries in the region, with 93% of the popula-
tion living on less than $2 a day (14).

This disconnection between health and economic
progress calls for a detailed examination of the epide-
miological transition occurring in Madagascar. To date,
this has been hindered by the lack of long-term series
of data on mortality by cause, due to the low coverage
of death registration, estimated at less than 50% at the
national level (15). Although this low coverage is a
feature of most countries in SSA, the vital registration
system is atypical in Madagascar because it was estab-
lished relatively early, in 1878, by the Merina Kingdom,
which ruled over most of the island at that time. The
system only covered areas controlled by this Kingdom,
however, and also did not include the slave population.
The French colonial administration officially abolished
slavery in 1896 and enforced vital registration throughout
the island. Vital registration offices were set up in all
districts, and Antananarivo, the capital city, was con-
sidered an administrative unit on its own, with its own

Epidemiological transition in Antananarivo

offices (16). Since then, the coverage of death registers
has always been very high in the city, in contrast to other
parts of the country. In this paper, we take advantage
of this wealth of data and describe the epidemiolo-
gical transition that occurred in city over the period
1900-2012. We first provide some historical background
and introduce our data sources and our methods, and
then we explore the changes in patterns of mortality by
age groups and cause.

Historical background

Antananarivo, formerly known as Tananarive, is located
in the central highlands of Madagascar at an altitude
of 1,250-1,470 m. It is spread across 90 km?. Its climate
is subtropical with a cold and dry season from May to
October (with an average minimum temperature of
around 10°C) and a hot and rainy season from November
to April (with an average maximum temperature of
around 27°C).

At the end of the 19th century, the mortality regime of
the city was characterized by high death rates from
malaria (causing about 25% of deaths in 1895), smallpox,
syphilis, and tuberculosis (17). Epidemics were fre-
quent; Antananarivo was hit by smallpox epidemics in
1875-1881 and 1884-1889, a flu epidemic in 1890 and
a typhoid epidemic in 1894 (17, 18). The incidence of
infectious diseases apparently increased when the Merina
Kingdom reinforced its coercive policies from the 1870s.
Massive movements of units of forced labor contributed
to the spread of malaria over the central highlands in
1878, in conjunction with the resettlement in the valleys
of populations that previously lived in fortified centers
located over the hills.

After the French takeover, the colonial administration
acted quickly to implement measures to increase the
health of the indigenous workforce and promote popula-
tion growth. By 1896, the city had a hospital and a
medical school to train local doctors and midwives. The
Indigenous Medical Assistance was established the fol-
lowing year and provided health care to the population
free of charge. A Pasteur Institute was founded in 1899 to
produce locally the treatment for rabies and the smallpox
vaccine. Routine immunization campaigns were organized
and smallpox was considered well controlled in 1908.

Unfortunately, these measures were partly offset by the
expansion of malaria. This is apparent in the mortality
data routinely collected in Antananarivo that we describe
below. In February 1906, during the rainy season, 57% of
deaths were due to malaria, against only 10% in February
1903; it went back down to 35% in February 1907. This
expansion of malaria was linked to a broad set of factors,
including large movements of population induced by
infrastructure projects, changes in the methods used for
rice cultivation (rice plants were no longer dried out after
the harvest), and the settlement of some populations
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closer to the rice fields (19). The French administration
established quinine depots, but malaria nonetheless be-
came endemic in the central highlands.

The colonial administration also developed the city
by clearing some marshland, setting up a public light-
ing system in 1910 and installing the first standpipes
in 1911 (20). In 1916, a Municipal Office of Hygiene
(Bureau municipal d’hygiene — BMH) was created. The
BMH worked under the supervision of the mayor to
deliver free consultations, conduct immunization cam-
paigns, provide malaria prophylaxis, and isolate patients
affected by highly infectious diseases such as the plague.
The plague reached Antananarivo in 1921, and up to 140
deaths were reported in 1927 (when the city had 73,000
inhabitants). The BMH responded to this outbreak with
very drastic measures including isolation of infected
patients into plague houses and the disinfection or
destruction by fire of the patients’ homes. The introduc-
tion of sulfonamides and streptomycin helped reduce the
incidence of the plague and no human cases were notified
between 1949 and 1978, when it reemerged in the city.

Penicillin and other antibiotics were introduced in
Antananarivo in the late 1940s and early 1950s, but little
is known on the timing of their dissemination and their
use in medical facilities. The importance of chloroquine
in the fight against malaria is more documented (21).
Beginning in 1949, the BMH launched a massive anti-
malaria program, based on the indoor spraying of DDT
and chemoprophylaxis administered on a weekly basis
to school-age children and preschoolers. Malaria was
considered under control in the central highlands in 1960,
when Madagascar gained its independence, and the
DDT spraying was ceased. The Expanded Program of
Immunization (EPI) was launched in 1976, starting with
diphtheria, tetanus, pertussis, and tuberculosis. The polio
vaccine was included in the immunization schedule in
1982 and the measles vaccine in 1985.

The beneficial effects of these programs were stymied
by a major economic crisis that began as early as 1972.
This year marked the end of Madagascar’s First Republic
(1960-1972); the government was overthrown by a popu-
lar revolt after growing criticism for maintaining too
strong ties with France. GNI per capita then began a
steep decline that lasted until the mid-1990s (Fig. 1); it
dropped from $497 in 1971 to $264 in 1996 (14). The shift
toward economic insularity under the socialist-Marxist
regime of Didier Ratsiraka (1975-1993) contributed to
this disastrous situation. The regime took control over
the agricultural production and marketing system and
nationalized foreign-owned trading and industrial com-
panies. The import trade was also put under state control.
The price paid to rice producers fell and many small-
holders withdrew into subsistence farming. In 1977,
rice had to be imported to feed the population, despite
Madagascar having been a net exporter of rice 5 years
earlier. In 1981, the country removed subsidies on rice
and started to implement a series of structural adjust-
ment programs. Rice imports remained controlled by the
state until 1986, even though controls over the prices paid
by the consumers had been lifted. A parallel market
blossomed, where rice was sold at about twice the price of
the state-controlled market (22).

To make things worse, malaria resurged in Antananarivo
in 1984, at a time when many treatment and prophylaxis
centers had closed after their funding was cutoff by the
central administration (23). The resumption of chemo-
prophylaxis with chloroquine in 1988 and the reintro-
duction of indoor DDT spraying in 1993-95 brought
malaria back under control. Today, cases of autochtho-
nous malaria are very rare in Antananarivo, but seropre-
valence remains high because inhabitants come into
contact with the parasite while travelling outside the
city (24).

Fig. 1. Trends in GNI per capita (1961-2009), according to data from the World Bank (constant 2005 USS$) (14).
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Madagascar was forced to introduce a series of struc-
tural reforms and move away from state intervention in
the late 1980s. Didier Ratsiraka lost the elections in 1993
but he was voted back into power in 1997 and he moved
further toward economic and financial liberalization. The
economic recovery was short lived as a controversy over
the 2001 presidential election gave rise to violent clashes
in 2002 and resulted in a 6-month standoff. GNI per
capita plunged, rose again but dropped in 2009 when the
president Ravalomanana was ousted from power during a
coup (Fig. 1). Restrictions on aid from foreign govern-
ments and other donors, which resulted in severe cuts in
public spending, followed this unconstitutional change of
power. A presidential election was organized in 2013 to
put an end to Madagascar’s political impasse.

The economic decline and the recurrent political in-
stability have not prevented Madagascar from achieving
significant health improvements. Empirical evidence from
four DHS surveys indicate both the substantial decline
in under-five mortality in Madagascar over the past three
decades, and a consistent advantage of Antananarivo
over rural areas and other cities (Table 1) (25-28). This
urban advantage has been observed in several African
countries from the 19th century, because of higher in-
comes, higher education levels, and a disproportionate
provision of modern sanitation and health care (29, 30).

In the case of Antananarivo, the lower mortality rates
can be attributed to a variety of advantages. The capital
has benefitted from a favorable location with a lower pre-
valence of malaria than in endemic coastal areas, although
the region has been prone to epidemics. The city is also
responsible for approximately 40% of Madagascar’s GNI
and a higher proportion of households have access to
basic amenities than in the rest of the country. As an
example, the proportion of the population using an
improved drinking-water source was 98% in the capital
in 2008-2009 against only 32% in rural areas and 82%
in the other cities (28). In the capital, 82% of households
had access to electricity against 8% in rural areas and 63%
in other cities. The city is better equipped with health
facilities compared to the rest of the country; it has three
university teaching hospitals that correspond to the high-
est level of the health delivery system. In addition, large
differences are found in educational attainment: above

Table 1. Under-five mortality rates for the 10-year period
preceding each DHS survey conducted in Madagascar,
according to type of place of residence. Sc: (25-28)

1992 1997 2003/04 2008/09

DHS DHS DHS DHS
Antananarivo-city 152 110 43 51
Other cities 137 132 81 70
Rural areas 183 174 120 84

Epidemiological transition in Antananarivo

age 6, only 3% of women do not have any education in
the capital, compared with 20% in Madagascar (28).
These differences are a remnant of the early establishment
of the school system in the central highlands by the
Merina Kingdom. Possibly 7% of the adult population
of the region were literate in the mid-19th century (31).
In 1960, 16% of the inhabitants of Antananarivo aged
15 and over had already attended school beyond primary
level (32); this proportion rose to 64% in 1995 and to 71%
in 2008/2009 (28).

Materials and methods

Our assessment of the epidemiological transition in
Antananarivo is based on three types of data sources: 1)
monthly reports of deaths by cause for the period
1900-1907, 2) some published estimates for the period
1931-1951, and 3) individual-level data from death
registers for the period 1976-2012.

First, monthly reports of deaths by cause started to
be published in 1900 by the municipal administration in
the Journal Officiel de Madagascar et dépendances (33).
We accessed the reports for the period 1900-1907. They
provide a breakdown of deaths by age, sex and cause, but
without cross-tabulation. From this first type of data
source, we will only extract the ranking of categories of
causes of deaths and estimates of the crude mortality rate
(CDR).

Second, starting in 1916, the BMH took over respon-
sibility for the registration of deaths in the city and for
regular reporting on mortality. Some published estimates
of the CDR are available for the years 1931-1951 (21).

Third, all death registers maintained at the BMH
for the period 1976-2012 were digitized, that is, about
298,000 records. When deaths occur at home (about
60% of deaths since 1976), relatives or caretakers of the
deceased contact the BMH, and a physician is sent to
the house to assign a cause of death, based on available
medical documents and on post-mortem interviews with
the family concerning the symptoms and circumstances
preceding the death. For deaths occurring in hospitals or
clinics, the reports are filled in by the medical personnel
and transmitted to the BMH by the relatives. Since 1976,
more than 80% of deaths have been reported on the
day of death or the day after. A high coverage of deaths
is maintained because cemeteries are guarded and report-
ing the death at the BMH is required to obtain a burial
permit or to move the corpse. Based on data for the
period 1984-1995, Waltisperger et al. showed that age-
specific mortality rates based on the BMH conformed to
standard age patterns of mortality, and concluded that
the data presented no indication of underreporting of
deaths (34).

For this analysis, we retained only the deaths of resi-
dents of Antananarivo. Causes of death were recorded
according to the Ninth Revision of International Statistical
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Classification of Diseases (ICD-9). The same physician
was in charge of recoding all deaths that had not been
previously coded in hospitals or clinics. Causes were later
consolidated into seven broad categories: 1) infectious
diseases (classified in the first chapter of the ICD-9), 2)
neoplasms, 3) nutritional deficiencies, 4) cardiovascular
diseases (CVDs), 5) diseases of the respiratory system
(including influenza and bronchitis), 6) injuries and
accidents, and 7) other diseases. The complete list of
corresponding ICD-9 codes is provided elsewhere (22).
Since 1976, the percentage of deaths whose cause was
unknown or ill-defined (including senility) has ranged
from 7.5 to 18%, the maximum having been attained in
1988, shortly after a mortality crisis that led to a higher-
than-average proportion of deaths occurring at home.
The percentage of unknown or ill-defined causes then
declined to below 10%, but it has risen again in recent
years due to the increasing share of deaths occurring at
ages 70 and above. For the present analysis, deaths of
unknown or ill-defined cause were redistributed by age
group and sex among the other categories of causes,
assuming that imprecise statements concern all causes in
the same proportion.

To estimate population exposure, we used a logistic
curve to interpolate between population counts from
administrative censuses taken annually from 1901 to
1963 (16, 35), counts from the 1975 and 1993 national
censuses, and the provisional count that was done in 2009
as part of the mapping of the forthcoming census (which
has been delayed because of the political crisis). Our
estimates refer to the ‘Commune urbaine d’Antananarivo
Renivohitra’ (CUA), corresponding to the six districts for
which we have data from the BMH. Antananarivo had
53,600 inhabitants in 1901. The population increased
rapidly from 1925 to attain 200,000 inhabitants around
1957. Over the past 60 years, it has increased more than
five-fold, reaching 1.03 million in 2009. Yet its annual
growth rate has been relatively modest in recent years
(2.4% over the period 1975-2009), compared to other
African capitals such as Kinshasa (5% over the period
1975-2010) or Ouagadougou (7%). Madagascar remains
weakly urbanized and migration does not play a key role in
shaping its capital. In 1995, only 27% of the residents of
the city were migrants, and half of them came from the
province of Antananarivo (32).

In order to compute age-specific mortality rates from
registered deaths for the period 19762012, we had to
distribute this population by age group and sex, which
is challenging because the last two censuses carried out
were in 1975 and 1993. Our strategy was to compute
by sex the share of each age group in the population
enumerated in the these two censuses, and in four DHS,
conducted in 1992, 1997, 2003-2004 and 2008-2009,
after selecting only the households that had been sampled
in the city (25-28). We used penalized smoothing splines

to interpolate the share of each age group between the
surveys and the censuses (and extrapolated to 2012), and
multiplied these percentages by the total population, esti-
mated as explained above, to obtain a population count
by age group, sex, and calendar year.

The level of detail of the mortality data thus varies over
time. Age- and cause-specific mortality rates can only be
computed from 1976 onwards, but summary indicators
can be obtained from 1900. In the next section, we
first present trends in the CDR in Antananarivo for the
period 1901-2012 alongside trends in the CDR obtained
from incomplete death registration for Madagascar from
1906 to 1972 (36—38). Second, using the monthly reports
published in the beginning of the 20th century and the
individual-level data from 1976, we compare the rankings
of the leading causes of deaths, for both sexes combined.
Third, we provide estimates of the life expectancy at birth
by sex and under-five mortality rates from 1976. Finally,
we detail changes in the standardized mortality rates by
causes (1976-2012) and estimate the contribution of age
groups and causes of deaths to changes in life expectancy,
based on the algorithm developed by Andreev et al. (39).

Results

Trends in the crude mortality rate (1901-2012)
Caution is obviously required in interpreting long-term
trends in CDR, because they can be distorted by changes
in the age structure of the population over the period and
variations in the completeness of death reporting. Based
on the age distribution of registered deaths in 1965-67,
Courbage and Fargues (40) estimated that about half of
the male deaths and over one-third of the female deaths
were not registered at the national scale. According to
the demographic survey conducted in 1966, the CDR was
around 25%, at that time (41), much higher than the esti-
mate based on vital registration (139, in 1966). Despite
this massive underreporting of deaths, we can venture to
say that the CDR was at least 309, at the start of the 20th
century in Madagascar, and could have slightly declined
until 1918, when mortality peaked above 409, following
an outbreak of the Spanish flu (Fig. 2). It remained stable
between 1920 and 1948, and declined sharply only after
the World War II. The apparent stall between 1955 and
1972 might reflect an increase in the completeness of
death reporting, because the 1975 census estimated the
CDR at 18%,, compared with 259, in the 1966 survey.
According to the 1993 census, the CDR had further
declined to 149, by the beginning of the 1990s.

In Antananarivo, estimates from death registration
have always been considered much more reliable than
those based on nationwide data. In 1901, the CDR was
estimated at 28.2%, in the city (16). Little progress was
registered prior to the end of the World War II; the CDR
was still around 259, in 1931. It reached 329, in 1944 and
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Fig. 2. Trends in the crude death rate for Madagascar and Antananarivo city (1901-2012) (logarithmic scale). Sources: Refs.

(21, 36-38) and data from the BMH for the period 1976-2012.

then dropped to 13%, in 1951 (21). This decline continued
until the end of the 1970s, with the CDR reaching 8.8,
during the period 1976-1979. From 1980, it rose again
and peaked at 13.8%, in 1986, when malaria resurged in
the central highlands and increases in the price of rice
resulted in acute food shortages. The CDR went down to
8.7%, in 1989 and reached its lowest level in 2004 (6%,).

Changes in the rankings of the leading causes of
deaths (1900-2012)

To investigate changes in the cause-of-death structure,
we distinguish three periods: 1900-1903 (the first unin-
terrupted series of monthly mortality reports by cause),
1976-1980 (the first 5 years covered by the database
of individual death records), and 2008-2012 (the most
recent years). Because the classifications of diseases
changed between 1900 and 1976, as we discuss below,
we will only examine the rankings of broad categories
of causes of deaths. Problems remain, however, because
some categories of causes such as nutritional deficien-
cies (corresponding to ICD-9 codes 260-269) were not
singled out in 1900-1903. Measles was not mentioned
among causes of deaths either, whereas it accounted
for about 4% of deaths in 1976-1980. Despite this, this
comparison reveals three general features (Table 2). First,
there was a stark decline in the contribution of diseases
of the respiratory system (pneumonia in particular), from
38% in 1900-1903 to 12.5% in 1976-1980 (and 10% in
the last period). Second, apart from pneumonia, infec-
tious and parasitic diseases continued to occupy a major
position in the cause-of-death profile in 1976-1980.
If all deaths from nutritional deficiencies had been
reallocated to infectious causes, the proportion of deaths
due to infections would have only declined from 34%
in 1900-1903 to 29% in 1976-1980. This proportion

plunged to 11.9% in 2008-2012. Most of the decline that
happened before 1980 was due to reductions in malaria-
and tuberculosis-related mortality, with intestinal in-
fections still accounting for about 15% of all deaths in
1976-1980. Third, CVDs, neoplasms and trauma gained
in importance, accounting for 32% of deaths in 1976—
1980 and 51% in 2008-2012, against only 9% at the start
of the 20th century.

Trends in life expectancy and under-five mortality
(1976-2012)

In 1976, the life expectancy at birth had reached 57 years
for males but it dropped to 46 in 1986 (Fig. 3). Over
the same period, females lost 5 years of life expectancy,
from 59 to 54. The under-five mortality rate, which was
estimated at 1149, in 1976, reached 1909, in 1983. This
peak is also evident in estimates from DHS, obtained
by pooling together all birth histories of women living
in the capital and interviewed in 1992, 1997, 2004 and
2009. It is worth noting that DHS estimates follow quite
closely those of the BMH, in support of the hypothesis
that the registration of deaths is almost complete in
Antananarivo. Adults were also severely affected by this
crisis; the probability of dying between ages 15 and 60
peaked at 0.51 among males in 1986, against 0.29 in the
period 1976-1979.

Since 1986, Antananarivo has benefitted from an un-
abated decline in mortality. Life expectancy has risen
steadily to reach 62.4 years for males and 68.6 for females
in 2012. The under-five mortality rate has decreased five-
fold from its level in 1983. The decline in mortality in the
city has been slightly more rapid than observed in the rest
of the country. In Fig. 3, estimates for the rest of the
country are again obtained by pooling together the birth
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Tuble 2. Rankings of the leading causes of deaths in 1900-1903, 19761980, and 2008—2012 in Antananarivo

Causes of death

Causes of death

Causes of death

(1900-1903, all ages Prop. (1976-1980, all ages Prop. (2008-2012, all ages Prop.
Rank and both sexes) (%) Rank and both sexes) (%) Rank and both sexes) (%)
1 (Broncho)-pneumonia, 30.6 1 Cardiovascular diseases 21.6 1 Cardiovascular diseases 35.8
influenza, ARI
2 Intestinal infections 15.9 2 Intestinal infections 14.8 2 Other causes 10.6
3 Malaria 7.9 3 Other causes 10.5 3 Neoplasms 8.5
4 Tuberculosis 7.5 4 (Broncho)-pneumonia, 9.6 4 Injury and accidents 6.7
influenza, ARI
5 Other diseases of respiratory 7.2 5 Other infectious and 5.6 5 Diseases of the digestive 5.5
system (including bronchitis) parasitic diseases system

(incl. measles)

6 Other causes 6.7 6 Neoplasms 5.5 6 Other diseases of respiratory 5.2
system (including bronchitis)
7 Congenital anomalies and 6.5 7  Nutritional deficiencies 5.1 7  (Broncho)-pneumonia, 4.8
other perinatal conditions influenza, ARI
8 Cardiovascular diseases 6.5 8 Injury and accidents 5.0 8 Congenital anomalies and 4.3
other perinatal conditions
9 Whooping cough 21 9 Diseases of the digestive 5.0 9 Tuberculosis 41
system
10 Diseases of genitourinary 1.9 10 Congenital anomalies and 4.5 10 Diseases of genitourinary 3.3
organs other perinatal conditions organs
11 Neoplasms 1.9 11 Diseases of genitourinary 3.0 11 Diseases of the nervous 2.8
organs system
12 Diseases of the nervous 1.8 12 Other diseases of respiratory 2.9 12 Other infectious and 2.6
system system (including bronchitis) parasitic diseases
(incl. measles)
13 Complications related to 1.2 13 Diseases of the nervous 2.6 13 Nutritional deficiencies 2.0
pregnancy, labor and system
delivery
14 Diseases of the digestive 1.2 14  Tuberculosis 1.4 14  Intestinal infections 1.7
system
15 Injury and accidents 0.8 15  Whooping cough 1.4 15 Malaria 1.5
16 Diphtheria 0.4 16 Complications related to 0.9 16 Complications related to 0.6
pregnancy, labor and pregnancy, labor and
delivery delivery
17 Malaria 0.4 17
18 Diphtheria 0.3 18

histories collected in the four DHS and excluding reports
from mothers living in Antananarivo.

Changes in cause-specific mortality rates
Figure 4 presents, on a log scale, the standardized mor-
tality rates for the main categories of causes of death
(using the age structure of 1993 as a standard). The peak
in 1984-1988 was predominantly due to a sheer increase
in death rates from infectious diseases (malaria in par-
ticular) and nutritional deficiencies.

After 1986, the rapid decline in mortality from
nutritional deficiencies is particularly salient. A negligible
fraction of deaths are now due to these deficiencies.

Infectious diseases still remain among the major killers,
but have declined markedly, especially diseases targeted
by the EPI. Diseases of the respiratory system have also
declined since 1986 but to a lesser extent. By contrast,
little progress has been made in the reduction of injuries,
accidents and CVDs since the end of the 1980s.

In Fig. 5, we show the specific contribution of each cate-
gory of causes in the change in life expectancy between
two periods: 1990-1994 (when mortality had stabilized at
levels observed prior to the crisis) and 2008-2012 (the
past few years). For both sexes, the reduction of under-
five mortality explains more than 80% of the gains in life
expectancy, and about half of these gains in childhood are
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Fig. 3. Trends in life expectancy at birth by sex and the under-five mortality rate (on a logarithmic scale) in Antananarivo city

(1976-2012), according to data from the BMH and DHS.

related to reductions in infectious diseases, the other half
being mostly attributable to reductions in nutritional
deficiencies and diseases of the respiratory system. Gains
in life expectancy have been much more modest among
the population aged 5 and over; reductions in infectious
and respiratory diseases have been largely offset by
increases in mortality from CVDs, neoplasms and other
diseases, particularly at ages 50 and over.

Discussion

Death registers of Antananarivo represent a valuable
population-based mortality database for Madagascar, but
they nonetheless suffer from important shortcomings.
First, although deemed very high, the completeness of
death reporting in the capital remains unknown and it
certainly changed over time. For the period prior to 1960,

there is no estimate of the completeness; we can only
count on the fact that the health situation was more
closely monitored in the capital than anywhere else
because it was the seat of the General Government and
had a large European population (16). After 1960, there
are some signs that most deaths were captured in the vital
registration system. In 1965, the CDR for the larger area
of the province in which the city is located (10-119,,) was
very close to the estimate based on the 1966 demographic
survey (13—-199,). Virtually all infant deaths were repor-
ted in the province of Tananarive in 1965, compared to only
40% of infant deaths in the provinces of Diego-Suarez
and Tulear (42). For the more recent period, we showed
that trends in under-five mortality derived from death
registers largely conform to those obtained from
DHS. To go beyond these encouraging signs, however,

Fig 4. Standardized mortality rates for the main categories of causes of death (using the age structure of 1993 as a standard),

based on data from the BMH.
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Fig. 5. Contribution of the main categories of causes of deaths to changes in life expectancy (by sex) between 1990-1994 and

2008-2012 in Antananarivo.

it is necessary that we wait for the next census to conduct
a proper analysis of the completeness of death reporting
through standard demographic techniques (43).

A second limitation of death registers is related to the
assignment and coding of causes of deaths. One must
remain particularly circumspect in interpreting cause-of-
death statistics of the start of the 20th century. Syphilis is
a good example of this. It was considered by the French
administration to be one of the main causes of depopu-
lation in Madagascar, with an estimated prevalence of
60-75% in adults (44). In the monthly reports, it was
singled out as accounting for as much as 9.5% of the
reported deaths in 1901 (excluding stillbirths). This is
probably exaggerated because of the difficulty in distin-
guishing between syphilis and what was called farasisa
by midwives and native doctors, a catch-all term used
to describe all chronic diseases with cutaneous symp-
toms (16). In 1902, the shortest list of the First Revision
(ICD-1) of the International Classification of Diseases
started to be used for the monthly reports and syphilis
was subsumed into the ‘other causes’; altogether these
accounted for only 3.7% of deaths." These variations
highlight the need for caution and indicate that the
figures presented here should be considered as broad
indications rather than precise estimates. Even for the
most recent period, the assignment of causes of deaths in
hospital records or by the physicians of the BMH, and
the coding which was done for this study, might be
affected by errors.

Despite these limitations, death registers yield a
coherent picture of the transition that took place in
Antananarivo since 1900. Substantial changes in health
and disease patterns occurred only from the 1940s. This

"Prior to 1902, the diseases were probably classified according to the
classification used in Paris and other French cities of more than
10,000 inhabitants starting in 1887.

decline coincided with the start of the indoor spraying of
DDT and the introduction of chloroquine; the percentage
of deaths attributable to malaria declined from 20% in
1946 to 5% in 1951 in the city (21). Further health impro-
vements were achieved between 1951 and 1976, probably
thanks to the diffusion of antibiotics. The chronology
of the introduction of antibiotics and their impact on
mortality trends awaits further study. However, the steep
decline in the proportion of deaths due to pneumonia,
bronchitis, influenza and tuberculosis between the years
1900-1903 and 1976-1980 indicates that they played a
significant role. As for immunizations, the impact of the
EPI was first obfuscated by the major mortality crisis
of the mid-1980s but it became clearly apparent in the
following decades. Not one death from measles has been
reported to the BMH since 2005, even though measles
accounted for 8% of deaths under age 5 in the period
19761980 and as much as 14% during the 1985 epi-
demic. Likewise, tetanus, polio, diphtheria and pertussis
together caused 3% of under-five deaths in 1976-1980,
and not one death from these four causes has been
reported since 2005.

Gains in education undoubtedly contributed to the
increased use of modern medical technology and the
earlier recognition and treatment of diseases. By contrast,
there is enough evidence to suggest that the mortality
decline was not supported by rises in standards of living
or improvements in nutrition. Within the capital city,
it is estimated that the per capita consumption declined
by 45% between 1961 and 1995, with a decline of 34% in
family expenditures allocated to food and a decline of
44% in health care spending (32). Between the DHS
conducted in 1992 and 2008/9, there has been little, if any
progress in the reduction of stunting (growth retardation
associated with chronic malnutrition). The percentage of
children aged less than 5 years with moderate and severe
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stunting was 47.7% in the capital city in 1992, and 46.8%
in 2008/9 (25, 28).

The experience of Antananarivo thus supports the
view that changes in living standards and nutrition in
developing countries were largely insufficient to explain
the rapid gains in life expectancy after the World War 11
(45). The fact that the mortality decline was so depen-
dent on anti-parasitic and anti-microbial medicine raises
concerns in the context of increasing threads from drug-
resistant infections (46, 47). It also bears implications for
the future of the transition, as it means that the health
care system has a crucial role to play despite persistent
political turmoil and scarcity of public resources. From
a theoretical perspective, the case of Antananarivo also
raises a more general question, which is whether the
likelihood of experiencing mortality reversals or stalls in
the transition varies according to the type of factors that
are driving the mortality declines (changes in income,
nutrition, education or medical advances). Not only did
the epidemiological transition start late in Antananarivo,
it also proceeded by fits and starts, with important set-
backs, particularly in the mid-1980s. In this sense, this
transition bears some resemblance to the protracted
polarized model conceptualized by Frenk et al. (48)
and used recently to describe the changes occurring in
Accra (8) and South Africa (9). In this model, counter-
transitions can occur. Frenk et al. (48) also showed that
the different stages of the epidemiological transition iden-
tified by Omran (1) are not necessarily sequential but can
overlap for a considerable amount of time, resulting in
the coexistence of infectious diseases and nutritional
deficiencies with NCDs. In Antananarivo, it is only after
1990 that mortality rates from infectious diseases started
to decline clearly below those attributable to CVDs.
This relates to the notion of ‘double burden of disease’
experienced in many other African countries (49, 50).
Another important dimension of this model, that we
could not investigate here, is that transitions are thought
to progress at varying speeds in the different socio-
economic groups, leading to a widening of inequalities
in health between various segments of the population.
It is likely that there has been substantial intra-urban
variation in the pace of the transition in Antananarivo
and this should be further explored. More attention
should also be devoted to the mortality differentials
between the capital city, other urban areas and the rest
of the country. Other cities have a BMH in place, and
some of them are known to maintain a virtually complete
registration of deaths, such as Antsirabe, the third largest
city of Madagascar (51). A comparative analysis could
reveal whether an ‘epidemiological polarization’ is occur-
ring across regions.

The diversity within SSA makes it difficult to general-
ize our findings to a broader context, especially because
the HIV epidemic has dramatically distorted the epide-
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miological profile of several countries of mainland SSA.
Madagascar has succeeded in keeping its HIV prevalence
among the adult population below 1%, despite high rates
of sexually transmitted infections such as syphilis. Mor-
tality rates in adults and children have evolved in tandem.
Progress in adult mortality has remained limited, how-
ever, because the decline in mortality rates caused by
diseases predominant in the pre-transitional stage has
been partly offset by the increase in mortality due to
NCDs. Few data exist on risk factors for NCDs in
Antananarivo. Obesity levels remain low in the city [3%
of women aged 15-49 in 2008-2009 (28)], but prevalence
of hypertension (blood pressure level of 140/90 mmHg
or higher), estimated at 23% in 1997 and 28% in 2009
among the adult population (52, 53), is comparable to
other urban areas in Africa. According to death registers,
neoplasms account for a smaller proportion of deaths
(7% in 2012), but standardized mortality rates from
neoplasms have been on the rise over the past two
decades, from 0.42 per thousand in 1990 to 0.61 in 2012.

Finally, this overview illustrates that death registra-
tion in major cities can provide valuable insights into the
changes in patterns of mortality by cause. This had been
previously demonstrated in other cities such as Abidjan
(1986-1992), Saint-Louis (1930-1988), and Bamako
(1974-1985) (54-56), but there has been little update
since the 1990s. When high coverage is maintained, the
registration of deaths offers a basis for monitoring the
health system performance and evaluating the impact
of interventions. In Madagascar in 2006, the Ministry of
Health and Family Planning introduced the National
Health Sector Strategy and Development Plan (PDSS)
that expired in 2011 and was followed by an interim
short-term plan. The performance of these plans could be
reviewed based on data from the death registers, and new
targets could be set for specific cause-specific mortality
rates, beyond the focus on child mortality and on mater-
nal deaths. In the future, achieving further health im-
provements will require a more effective fight against
CVDs and increased efforts to reverse the upward trends
observed in neoplasms, while at the same time addressing
the unfinished agenda of communicable diseases.

Conclusion

Our findings demonstrate that the epidemiological transi-
tion in Antananarivo has been protracted, with a pro-
nounced mortality crisis in the mid-1980s followed by a
very rapid decline in child mortality that was not sup-
ported by sustained economic growth or improved nutri-
tion. Progress in adult survival have been more limited
because gains in mortality due to infectious diseases and
diseases of the respiratory system have been partly offset
by increases in CVDs, neoplasms and other diseases.
Antananarivo now clearly faces a double burden of
communicable diseases and NCDs.
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Main findings

e Epidemiological transition has been delayed in
Antananarivo, Madagascar’s capital city. Mor-
tality rates first declined after the 1940s and then
resurged again in the mid-1980s, due to a tem-
porary re-emergence of malaria and the collapse
of Madagascar’s economy.

Between 1986 and 2012, life expectancy at birth
increased steadily from 54 to 69 among females
and from 46 to 62 among males. Under-five
mortality rates declined dramatically, despite
persistent political instability and long-lasting
€CoNnomic Crisis.

Antananarivo now faces a double burden of
disease. Cardiovascular diseases (CVDs), neo-
plasms and trauma account for more than 50%
of deaths (compared to 9% around 1900). In-
fections and nutritional deficiencies account
for approximately 12% of deaths, partly due to
moderate and severe stunting in more than 40%
of children under age 5.

Key messages for action

o Further gains in life expectancy require more
effective interventions for CVDs and neoplasms,
while concurrently addressing the unmet goals
with regards to communicable diseases. Adult
health needs require more attention, due to
the limited progress in adult survival in recent
years.

Death registers maintained in major cities,
though not able to compensate for the lack of
a comprehensive vital registration system at the
national level, could be further exploited to
evaluate the performance of the health system
and monitor intervention impacts in the urban
population.

Other capital cities in Sub-Saharan Africa have
also set up a system of routine registration of
deaths; however, the completeness of death re-
porting is often unknown and the data are rarely
analysed. More research is required to evaluate
whether such systems provide valuable cause-
specific mortality statistics.
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Migration and the epidemiological transition: insights
from the Agincourt sub-district of northeast South Africa
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Background: Migration and urbanization are central to sustainable development and health, but data on
temporal trends in defined populations are scarce. Healthy men and women migrate because opportunities for
employment and betterment are not equally distributed geographically. The disruption can result in unhealthy
exposures and environments and income returns for the origin household.

Objectives: The objectives of the paper are to describe the patterns, levels, and trends of temporary migration
in rural northeast South Africa; the mortality trends by cause category over the period 2000-2011; and the
associations between temporary migration and mortality by broad cause of death categories.

Method: Longitudinal, Agincourt Health and Demographic Surveillance System data are used in a
continuous, survival time, competing-risk model.

Findings: In rural, northeast South Africa, temporary migration, which involves migrants relocating mainly
for work purposes and remaining linked to the rural household, is more important than age and sex in
explaining variations in mortality, whatever the cause. In this setting, the changing relationship between
temporary migration and communicable disease mortality is primarily affected by reduced exposure of the
migrant to unhealthy conditions. The study suggests that the changing relationship between temporary
migration and non-communicable disease mortality is mainly affected by increased livelihood benefits of
longer duration migration.

Conclusion: Since temporary migration is not associated with communicable diseases only, public health policies
should account for population mobility whatever the targeted health risk. There is a need to strengthen the rural
health care system, because migrants tend to return to the rural households when they need health care.
Keywords: migration; temporary migration; mortality; epidemiological transition; South Africa, Agincourt; health and
demographic surveillance
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cated in the intertwined demographic and mographic transition. At the same time the geographic

Migration and urbanization are strongly impli- distribution are associated with (even help drive) the de-
health transitions. These aspects of population redistribution of persons, chiefly from rural to urban areas,
Global Health Action 2014. © 2014 Mark A. Collinson et al. This is an Open Access article distributed under the terms of the Creative Commons CC-BY 4.0 1 22
License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix,
transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.
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exposes them to new health regimes, and the stress of re-
location itself may introduce its own health consequences.
Furthermore, in a mobile world, the continued circula-
tion of persons between origin and destination may serve
to expedite the spread of disease. At the same time our
understanding of the interconnection between population
redistribution and health dynamics is poorly understood.
Analysts and policy-makers often know only the broad
sweep of net changes across gross geography; fine-grained,
longitudinal information about movement — both with
respect to time and to place — is often unavailable.

In South Africa, circular labor migration was a
cornerstone of apartheid policies and accompanied na-
tional economic and industrial growth, leaving legacies
that still shape contemporary opportunities for rural
South Africans (1-3). Mineral discoveries of the late 19th
century led to rapid development of the mining industry
and parallel industrialization. For political and economic
reasons, a ‘Bantustan’ system was developed which res-
tructured the settlement patterns and livelihood strategies
of the native African population to provide necessary
labor, while forcing unemployed family members to re-
main in densely settled, rural, and peri-urban areas (2, 4).
Thus, circular labor migration played a key role in the
success of the national economy, while placing a heavy
burden on rural households (5, 6). Nowadays, temporary
labor migration remains a prime strategy used by rural
households to kick back against poverty (2, 7). Gold
mining has been a key employment sector, and recent
investigations have revealed a significant epidemic of sili-
cosis in former mine workers (8). Other health impacts of
the migrant labor system on migrants and the households
left behind have been the largest HIV/AIDS epidemic
in the world (9-11) and linked to this an intractable
tuberculosis (TB) epidemic (12).

Our use of the Agincourt Health and Demographic
Surveillance System in the rural northeast of South Africa,
located in a former ‘Bantustan’ area, help us better un-
derstand the foundations of the relationship between
migration — and urbanization, since the migration is often
to urban areas — and mortality. Our rural district is
economically dependent on opportunities in the major
metropolitan areas of Johannesburg and Pretoria, and
mines close to these cities, about 500 km away. Our
approach enables us to take a detailed look at a small,
well-defined population, where an exhaustive population
register has kept a record of residents, migratory behavior,
and mortality, with the sub-district boundary acting as
a migration-defining boundary (13).

In this paper, we examine several key patterns of de-
mographic dynamics with respect to this rural sub-district
population, including the patterns, levels, and trends in
temporary migration linking rural and urban areas, as
well as the mortality trends by sex for the rural sub-
district in the 12-year period, 2000-2011. We further pro-

Migration and the epidemiological transition

vide regression-based analyses of the relationship between
temporary migration and mortality in this population.

Literature review

The epidemiological and demographic transitions
Two paradigmatic transitions have offered considerable
insight into change within populations over time: the
epidemiological transition and the demographic transi-
tion. Both are the subject of extensive writing, which
includes critiques of these as contemporary paradigms.
We here provide a brief exposition of these paradigms
(given widespread familiarity) and we concentrate our
discussion on the connection between the two. Note that
while the ‘epidemiological transition’ is the phrase that has
long held sway, contemporary writing also makes refer-
ence to a broader ‘health transition’ (14, 15). We consider
the epidemiological transition (with its focus on causes of
morbidity and mortality) to be embedded within a health
transition (which subsumes the former and also considers
risk factors, and other characteristics). Recent writing on
the global burden of disease (GBD) has expanded from
concerns about mortality to risk factors related to
morbidity and loss of healthy years of life (16, 17). We
regard the epidemiological transition in its conventional
sense, generally the transition from the acute commu-
nicable diseases (CDs) of poverty to the chronic non-
communicable diseases (NCDs) of high-income societies.
The classic exposition of this transition is due to Omran
(18), although there have been numerous repositionings,
extensions, and analyses both within and across low- and
middle-income countries (19-21).

The second key transition of concern here is the de-
mographic transition. Like the epidemiological transition,
the demographic transition is paradigmatic and has expe-
rienced likewise a number of repositionings, and extensions
(22-24). As stated most simply the demographic transition
is a movement from a regime of high mortality and high
fertility to one of low fertility and low mortality. The
epidemiological transition is embedded within the demo-
graphic transition through mortality reduction. Popula-
tion growth rates are low or near-nil at the beginning
and end of the transition, while population growth can
be substantial (as, conventionally, mortality decline pre-
cedes fertility decline) in the interim phase. While the basic
demographic transition is a highly structured paradigm,
variations in the relationship between mortality and
fertility trends across time and space have important
implications for age structure and economic development,
and it is linked to a number of other phenomena, including
urbanization (23).

Public health discussion once presumed an inexorable
parallel between economic development and health transi-
tions, but changes in both technology and disease regi-
mes have challenged this paradigm. As populations move
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from the diseases of poverty to those of wealth, this rise in
NCDs will have profound impacts on health care systems
of low- and middle-income countries (LMIC) (25, 26).
Many African populations already manifest risk factors
for NCDs, despite remaining classified well within the
World Bank low-income category. NCDs have already
reached to a level of about one-quarter of all mortality in
the WHO Africa Region (27). Of particular note is the need
to understand the heterogeneity in the dual burden of both
CDs and NCDs, a public health problem of rising concern
(28-32). Thus, the association between development
indicators and the health transition is different at the
national and local levels, and we cannot consider NCDs
to be solely conditions of national affluence (21). The
disjuncture between the conventional development and
population health paradigm and the newly developing
and heterogeneous health transition is particularly acute
and consequential for Africa, where the burdens of
poverty, HIV, and other diseases are sharply felt.

The recently updated GBD 2010 study (Global Burden
of Disease) points quite clearly to the dual burden
currently experienced in developing settings, linking these
to leading risk factors. For sub-Saharan Africa, the GBD
2010 study finds high (and thus adverse impact) rankings
for high blood pressure and tobacco use, while also finding
high rankings for suboptimal breastfeeding, inadequate
sanitation, and iron deficiency. More specifically and
pertinently for our sub-region of interest, the GBD team
writes ‘In 2010, alcohol use was the leading risk factor in
southern sub-Saharan Africa, followed by high blood
pressure and high body-mass index ...’(17).

The contemporary pace of the epidemiological (or
health) transition argues further for consideration of its
relationship with migration, urbanization, and the overall
demographic transition. The demographic transition in
Sweden occurred on a time scale of over a century. In more
recently developing parts of the world the demographic
transition has proceeded more swiftly. In the Southern
African region as a whole, UN estimates indicate that
the overall growth rate declined from 2.41% annually in
the 1950s to 0.9% annually in the 2000-2010 interval.
Even more pointedly, the demographic transition (as seen
through the key driver of fertility) has been evident in
the Agincourt study population, where the total fertility
rate (TFR) averaged 6.0 in 1979 has declined to 2.3 by
2004 (33). Despite the rapid overall transition, significant
differentials exist by African geographic sub-region and
urbanization level (34).

Long-standing CDs still matter much. For contem-
porary African children, 75% of the burden of disease is
accounted for by malaria, diarrheal disease, respiratory
infections, and other CDs (17, 35). However, the dual
burden of disease is already manifest: sub-Saharan Africa
exhibits death rates from cardiovascular disease (CVD)
parallel to LMIC South Asia or Central Asia (35).

This phenomenon can be seen in all contemporary devel-
oping settings but is especially pertinent to sub-Saharan
Africa (30, 36, 37).

Migration, urbanization, and health

The majority of the world’s population lives in urban
areas now. Even in sub-Saharan Africa, some 37% of the
population resides in urban areas (38). While the urbani-
zation associated with economic growth is likely to raise
average levels of well-being, there has always been some
concern about the potentially deleterious effects of ur-
banization on health (39, 40). This concern takes several
forms, but central is the shift in exposure regime. Whereas
in rural areas certain endemic vector-borne diseases drive
the burden of disease, in urban areas these are reduced
in incidence (not eliminated!) but are supplemented with
concerns that accompany issues of sanitation in dense
settings, exposure to air pollution, and the like. Added to
risk in urban settings are the diseases of more sedentary
lifestyles and purchased foods concomitant with rising
incomes and CVDs and the low health literacy among
citizens and clinicians about NCDs such as hypertension
and type 2 diabetes. For instance, in a broad review article
on CVD (41), Yusuf and co-authors strongly implicate
urbanization in developing societies. With urbanization
(or migration to Western environments), there is a marked
increase in consumption of energy rich foods, a decrease
in energy expenditure (through less physical activity) and
a loss of the traditional social support. While these be-
havioral and health trends hold broadly — and while they
clearly implicate migration and urbanization — the timing
and features of the relationship are less clearly identified.
Thus, both individual level exposures and health system
unpreparedness in some urban neighborhoods can serve
to exacerbate the rise of NCDs. Although, overcrowded
conditions that accompany urbanization (and particularly
urban poverty) may increase risk of infectious diseases,
other aspects of resettlement to urban settings may in-
crease the risk of exposure to environmental hazards, in
turn linked to the potential for respiratory disease and
diarrhea (42).

In addition to its role in urbanization, migration itself is
further linked to health. Migration can be stressful, just as
is the case with many major life transitions. Migration is
also implicated in the transmission of human disease, and
infected individuals carry disease from one location to
another. Nowhere is this more in evidence and of con-
cern that with the spread of HIV in southern Africa, a
phenomenon very relevant to our analysis here (11, 43).
Even though migration may disrupt or even sever residen-
tial patterns, often the networks, and sharing of resources
—most typically in the form of remittances — persist. These
flows of monetary and non-monetary resources are also
quite relevant to our population. Although some public
health writing on migration and urbanization discusses
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the severing of ties and loss of social support that
may accompany urbanward migration (41, 42), studies
within the migration field often take note of the variety
of strategies that migrants undertake to adapt in the
destination and/or remain tied to the origin community
through monetary remittances or other forms of commu-
nication (44, 45). At the same time, the urban setting may
provide access to alternative social networks or more
specific health services that could beneficial for health (46,
47). Thus, the net impact of migration could be positive or
negative, and empirical analysis, such as we conduct in this
paper, is necessary to sort out the balance.

The contribution of migration to urban growth is low in
Africa compared to other developing regions, in part due
to the highly circular nature of rural-urban migration
on the continent (48). This means that there is highly
prevalent back-and-forth mobility of young adults freeing
themselves from constraints and poor opportunities in
rural areas and joining the unpredictable urban setting in
search of better livelihood opportunities (40). For many
urban centers in sub-Saharan Africa, there is evidence of
increasing levels of circular migration, which has reduced
the contribution of in-migration to urban growth (48).
As our discussion below indicates, we observe a popula-
tion with a high degree of circulation.

Conceptual framework

The preceding literature review incites us to consider
circular, that is, temporary rural-urban, migration in a
different way than permanent migration to urban areas.
Diagram 1 shows that although the two types of migra-
tions are motivated by the (lack of) livelihoods opportu-
nities, the latter leads to a permanent, often definitive
change of environment, while the former exposes to health
risks at both origin and destination (hence boxes placed on

Diagram 1. Migration—health conceptual diagram.

Migration and the epidemiological transition

the border of rural and urban areas). Despite their dual
residence temporary migrants’ deaths usually happen in
rural areas because these migrants are attached to rural
households. In other words, the burden of disease does
not reflect the exposure of temporary migrants, which
has implications for policies and programs. Places which
expose migrants to higher risks are not necessarily places
that support most of the consequences on health.

The diagram is not meant to depict all possible moves
(including in-migration and return migration) and corre-
sponding health risks and the paper does not attempt to
compare health outcomes of in- and out-migrants with
non-migrants or temporary migrants. It will thus not ad-
dress issues of selection by migration. Consequently, the
diagram is meant to pinpoint the peculiar health situation
of temporary migrants sitting astride urban and rural
areas and depict a typical situation when migrants cross
a rural-urban border. This can be extended to more
complex situations encountered in South Africa where
migrants go and work in (urban) mining locations or
industrial farms. ‘Urban areas’ in the diagram could also
be named ‘labor markets’, and ‘rural areas’ be named
‘subsistence economies’.

The present empirical study focuses on the lower part
of the diagram, that is, on rural areas. Diagram 2 is an
empirical translation of diagram 1 and summarizes the
variables available for analysis in Agincourt Health and
Demographic Surveillance System (HDSS) that will serve
to test hypotheses on the migration—mortality relation-
ship. Temporary migration exposure is our main indepen-
dent variable. The evolution of livelihood opportunities
(including changing health system context) is captured
through period effect and its interaction with migration
exposure. The control variables are the demographic char-
acteristics (age and sex). While CDs are usually associated
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Diagram 2. Rural migration—health empirical model.

with younger adults and NCDs with older adults, the
disease prevalence by age is by no means exclusively di-
chotomous and mortality from NCDs occurs at increas-
ingly younger ages. To accommodate this we used age as
the temporal dimension in the regressions, which creates
an age standardization throughout the analysis.

Diagram 2 also indicates which causal relationships the
following hypotheses are testing:

H1 Temporary migration, net of demographic char-
acteristics, predicts higher rates of overall mortality as
compared to permanent residents in rural areas. Longer
exposure to health risks in destination areas should lead
to higher mortality rates.

H2 The second hypothesis is embedded in the first:
Temporary migration is less strongly associated with the
relative risk of death from NCD. CDs should be the
highest health risks that circular migrants are subjected to.

H3 Both overall mortality and the impact of tempor-
ary migration on mortality have declined over time, as
temporary migrants and permanent residents have ex-
perienced better livelihood opportunities, including an
increase in health outreach, especially antiretroviral
treatment (ART) roll-out.

Methods

Health and demographic surveillance system

The Agincourt HDSS was established in 1992, and it was
designed to capture the health, sociodemographic, and
other information of all the residents of Agincourt, a
sub-district of the Bushbuckridge municipality situated
in rural north-eastern part of South Africa. Agincourt
encompasses a geographical area of about 420 km? where
a pre-dominantly Shangaan-speaking black South African
population reside. The surveillance started with a baseline
census in 1992 and was followed by annual updates of the
initial records in the subsequent years. The initial popula-
tion was about 70,000 individuals residing in 21 villages.

In 2007, the study population was expanded by increasing
the number of villages under surveillance to 27, with
an expanded population of about 90,000 (49). This paper
uses data collected between 2000 and 2011. In addition to
collecting information about births, death, migrations,
unions, and household membership, specialized census
modules are employed to capture different socioeconomic
data in each annual census round. Modules are repeated
with a certain period to provide detail about the dynamics
of key phenomena that influence health and demographic
patterns (49, 50).

Migration methods

Migration is recorded in one of two ways in the HDSS
depending on the report given by the household respon-
dent. If a person enters or leaves a household with a
permanent intention, it is recorded as a permanent in- or
out-migration event with details captured, such as date of
move, origin or destination place, and reason for the move.
Permanent residents include all non-migrant residents
who did not move over the 2000-2011 period as well as in-
migrants from the time they start residing in the site (being
left-censored) and out-migrants until they move out of
the site (being right-censored). Individuals may be both
in-migrating and out-migrating over the period. It is
important to note that in this study, we do not attempt
to analyze the differential mortality outcomes of the sub-
categories of permanent residents. Neither do we try to
analyze the effect of in- or out-migration as an event since
that would require the population at risk at both ends of
the migration streams. Rather, we analyze outcomes of
permanent residents against those of temporary migrants
exposed to both origin and destination environments.

A person is recorded as a temporary migrant if the
respondent says that they exited the household with a tem-
porary intention and now resides elsewhere in a second
household. A temporary migrant continues to be a house-
hold member and is not removed from the household
roster. Temporary migration status is updated annually
with reference to the year preceding the household inter-
view by asking on how many months a person was phy-
sically present (on aggregate) out of the previous 12, with 6
months or less classified as temporary migrant. Figures 1
and 2 show data obtained from this temporary migration
status question. In the migration and mortality analyses,
two categories of temporary migration duration are used,
viz. short duration, when the completion of a temporary
migrant cycle is within 3 years, and long duration, with
completion of a cycle in longer than 3 years. Three years
duration is an arbitrary cut-off used to discriminate
between circumstantial or exploratory temporary migra-
tion (short duration) and an entrenched pattern (long
duration), with the assumption that a 3 years or longer
duration requires a relatively stable incentive such as a
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Fig. 1. Male temporary migration rate trend by calendar year and 10-year age groups, Agincourt, 2000-2011.

permanent employment contract, which can have different
mortality consequences.

In addition to the annual temporary migration status
update, there is a more comprehensive temporary migra-
tion module run every 5 years that was implemented in
2002, 2007, and 2012. The aim is to acquire more detail on
the temporary migration, such as destination, reason for
move, and the nature of links between the origin and
destination households, including remittance transfers
(49). Entry into this module requires that the definition
of temporary migration status be met. This implies that
from the perspective of the respondent, the intention of
the migrant is to remain a member of the rural household
while away and that the person was absent for at least
6 months out of the 12 months preceding the interview.
The inferred intention of the migrant in the definition
may seem unstable from a scientific perspective, because
intentions and behaviors can change or be misreported,
but in this context there has been much experience of labor
migration and the notion of a non-resident household

member is well understood. If a temporary migrant is
deemed by a respondent to no longer have the intention
of remaining a household member, then the fieldworker
can permanently out-migrate the person and they are re-
moved from the household roster. Data from the peri-
odic temporary migration modules are used in Table 1 to
highlight the link between the temporary migrant and
rural household and also to validate the definition.

Temporary migration as a repeatable exposure is the
key independent variable used in the analysis. To under-
stand the relative prevalence of temporary migration
compared to permanent migration, the Crude Migration
Rates were computed in 2006, a year in the middle of
the observation period. For females, the permanent
in-migration rate was 26/1,000 and the permanent out-
migration rate was 30/1,000, while the temporary migra-
tion rate was 177/1,000. For males, in 2006, the permanent
in-migration rate was 17/1,000, the permanent out-
migration rate 22/1,000 and the temporary migration
rate was 322/1,000.

Fig. 2. Female temporary migration rate trend by calendar year and 10-year age groups, Agincourt, 2000-2011.
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Tuble 1. By sex and observation year: percent of temporary migrants employed and percent of employed temporary migrants
that remitted cash or another item back to the origin household

2002 2007 2012 Total
% of temporary migrants employed n % n % n % n %
Male 5,529 75 7,042 78 7,106 73 19,677 75
Female 2,021 53 2,532 52 2,745 49 7,298 51
Test sex difference M >F M>F M>F M >F
P p =0.000 p =0.000 p =0.000 p =0.000
2002 2007 2012 Total
% of employed migrants that remitted n % n % n % n %
Male 3,820 69 4,437 64 4,815 68 13,072 67
Female 1,433 71 1,653 66 1,994 73 5,080 70
Test sex difference M <F M <F M <F M <F
p p =0.065 p =0.01 p =0.000 p =0.000

Mortality methods

Each death that occurs in the intercensal period is
recorded during the annual vital events update. A second
interview for a ‘verbal autopsy’ is conducted on each
death by a trained lay fieldworker to establish the most
probable cause of death. The interview is conducted with
the closest caregiver to the deceased to establish the most
prominent signs and symptoms occurring prior to death.
These data are captured onto a database system and
transformed into the input format for the InterVA4
analysis software that uses an algorithmic approach,
calibrated by knowledge of local disease patterns, to
establish the main cause of death, as well as immediate
and contributing causes (51-54).

0.02

0.015

0.01 +

Mortality Rate

0.005

04

The broad cause of death categories used are CD, NCD,
external causes, and undetermined causes. These cate-
gories are made up of constituent causes of death and
the categorization is shown in a Supplementary file, where
constituent causes of death are ordered by rank of fre-
quency. For CDs, the most important three constituent
causes were HIV/AIDS, pulmonary TB, and acute res-
piratory infections; for NCDs: chronic obstructive pul-
monary disease, cardiac disease, and stroke; and for
external causes of death: assault, motor vehicle accident,
and intentional self-harm. The mortality trends in Figures
3 to 5 and the regression results in Tables 2—5 are from the
core HDSS residence files, with residence status data
merged in and residence criteria of 6 months in the origin
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95% CI
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Fig. 3. All-cause mortality rate by calendar year for males and females, Agincourt HDSS.

128

Citation: Glob Health Action 2014, 7: 23514 - http://dx.doi.org/10.3402/gha.v7.23514


http://www.globalhealthaction.net/index.php/gha/rt/suppFiles/23514/0
http://www.globalhealthaction.net/index.php/gha/article/view/23514
http://dx.doi.org/10.3402/gha.v7.23514

0.02

0.015

0.01

Mortality Rate

0.005

0 -

Migration and the epidemiological transition

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Calendar Year

Agincourt HDSS

95% CI
Female

95% ClI

Fig. 4. Communicable disease mortality rate by calendar year for males and females, Agincourt HDSS.

household required to be considered part of the house-
hold. Mortality rates by cause of death are provided in a
Supplementary file, giving age and sex profiles in the three
analytic periods described later.

Migration and mortality analysis

We examine migration and mortality using a continuous,
survival time, competing-risk model which estimates the
sub-hazard ratios of migration exposures as related to
mortality outcomes, comparing migrant with non-migrant
categories, after controlling for the age and sex structure
of the population. Given that dates are recorded to the
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day, a continuous-time model is preferred to discrete-time
model, which is less precise because of ties, that is, when
the order of censoring and event is not known within a time
interval. Also, a continuous-time model makes it easier
to handle large datasets since dates are recorded only
when there is a change in value. To prepare the data, we
constructed a residency file, whereby each individual has a
sequential record kept of each demographic event that
occurred to them. Events include in- or out-migrations,
the date of becoming a temporary migrant, and the date
of ending a period as a temporary migrant, as well as births
or deaths, with deaths classified by probable main cause.
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Calendar Year

Agincourt HDSS

95% ClI
Female

95% ClI

Fig. 5. Non-communicable disease mortality rate by calendar year for males and females, Agincourt HDSS.
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Tuble 2. Migration factors associated with death from communicable disease

Variables

Hazard ratio (95% Confidence intervals); death by communicable disease

2000-2003

2004-2007

2008-2011

Sex: male vs. female

Short duration temporary migrant vs. not

1.65"* (1.46-1.87)
2.53** (1.87-3.41)

1.74"* (1.58-1.93)
1.15 (0.71-1.87)

2,27 (2.03-2.54)
1.30 (0.73-2.31)

Long duration temporary migrant vs. not 2.70"* (2.33-3.14) 1.65 (1.48-1.85) 0.78*** (0.68-0.88)
Observations 52,680 52,543 55,847
Wald Chi-square 330.7 245.3 214.7
Log likelihood —7,719 —11,836 —10,273
Subjects 48,661 49,573 53,271
Failures 1,101 1,660 1,436

***p <0.01.

Comparing temporary migrants with permanent residents, controlling for age and sex.

Individuals were excluded from the regressions if they
spent less than 6 months per year in the study population.
The biographical files were censored at the end of the
observation period on January 1, 2012. In the regression
models, age is the temporal dimension and sex is included
as a co-variate, so all the models control for age and
sex. Migration is differentiated by short- and long-term
duration. We did not include other controls because the
analyses are already complex.

Competing risk models are used to predict mortality
by cause of death categories and explore the extent to which
short and long duration temporary migrations are linked
to mortality by cause category. The Fine and Gray
competing risk model is preferred to the usual Cox model,
because it does not make the assumption of independent
causes of death (55). Models are run for different cause of
death categories in a competing risk model so that each
cause of death is treated as sub-category of overall
mortality and not as ordinary right-censoring for other
causes. Models are also run for each of the three periods
used in the mortality models: 2000—2003, 2004—2007, and

2008-2011. The choice of these periods reflects the overall
non-linear mortality trends, while preserving enough
statistical power for low mortality risk when conducting
separate regression analyses by period. In the first period,
the mortality trend is increasing; in the middle period the
trend flattens; and in the third period, the mortality trend is
declining. To account for possibly non-constant trends in
the relation between migration status and mortality, we
preferred to run separate models for each period rather
than to introduce interaction terms between migration
status and period. This is because period may have non-
constant effect on mortality as well as on the relationship
between migration status and mortality.

Findings

Temporary migration

Figures 1 and 2 show temporary migration levels and
trends by sex and age group. The migration rates are quite
stable over time, considering that they are independently
measured each year, but there is a gradually increasing

Tuble 3. Factors associated with death from non-communicable disease, by migration category and period, controlling for age

and sex

Hazard ratio (95% Confidence intervals); death by non-communicable disease
Variables 2000-2003 2004-2007 2008-2011
Sex: male vs. female 1.50*** (1.25-1.81) 2.06"* (1.76-2.42) 1.81** (1.54-2.12)
Short duration temporary migrant vs. not 1.88** (1.05-3.35) 1.70 (0.81-3.59) 1.18 (0.37-3.76)
Long duration temporary migrant vs. not 1.55"* (1.17-2.04) 1.08 (0.87-1.33) 0.60*** (0.48-0.74)
Observations 52,680 52,543 55,847
Wald Chi-square 41.23 90.19 60.68
Log likelihood —3,195 —4,283 —4,600
Subjects 48,661 49,573 53,271
Failures 493 645 698

Hkok

' <0.01, **p <0.05.
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Tuble 4. Hazard ratios showing the association of factors with death from an external cause by period and migration category,

controlling for age and sex

Variables

Hazard ratio (95% Confidence intervals); death by external causes

2000-2003

2004-2007

2008-2011

Sex: male vs. female
Short duration temporary migrant vs. not
Long duration temporary migrant vs. not

4.53"* (3.04-6.75)
9.50" (5.47-16.49)
5.78"* (3.82-8.74)

5.46** (3.78-7.89)
3.30" (1.32-8.28)
3.04"* (2.16-4.29)

5.18"* (3.56-7.55)
2.24 (0.69-7.24)
1.45" (1.00-2.10)

Observations 52,680 52,543 55,847
Wald Chi-square 205.6 135.5 85.82
Log likelihood —993.0 —1,165 —1,124
Subjects 48,661 49,573 53,271
Failures 147 166 153

Hkok

P <0.01, *p <0.05.

trend for some age groups. A striking feature is the high
migration rate, especially for males aged 20—59. In the first
half of the observation window, men of this age group were
40-60% likely to be a temporary migrant, while in the
second half of the observation period they were 50-70%
likely to meet the criteria for being a temporary migrant.
For women, the ages 20—49 years were the most mobile,
with migration levels tending to increase over the observa-
tion period, from 20 to 25% being a temporary migrant
at the start of the period, to 25-35% of women being a
temporary migrant at the end. Thus, for working age
adults, both males and females showed an increasing
likelihood of being a temporary migrant between 2000
and 2011.

Temporary migration is linked to a change in socio-
economic status in rural households in northeast South
Africa (7). Table 1 shows two patterns linking migration
and economic status for men and women. The upper
aspect of the table shows the percent of temporary mi-
grants that were employed. Across the observation period,

approximately 75% of male temporary migrants and 50%
of female temporary migrants were employed. The gender
difference is highly significant with male migrants more
likely to be in employment (p <0.000). The lower aspect of
the table shows the proportion of employed temporary
migrants that remitted cash or another item back to the
origin household. In 2002, female employed migrants
were slightly more likely than male employed migrants
to remit (p <0.065). This difference became clearer over
the decade and by 2012 it was significant (p <0.000) that
employed female migrants were more likely to remit than
employed male migrants.

All-cause mortality

Figures 3 on all-cause mortality shows a clear pattern.
The 2000-2003 period displays a constant and high
increase in overall mortality; mortality is stable at high
level during the 2004—2007 period; and mortality declined
in the 2008-2011 period. To note, ART roll-out started
systematically in 2008, with almost immediate effect on

Tuble 5. Factors associated with death from unspecified cause of death, by period and migration status, controlling for age

and sex

Hazard ratio (95% Confidence intervals); death by unspecified causes

Variables 2000-2003

2004-2007 2008-2011

Sex: male vs. female
Short duration temporary migrant vs. not
Long duration temporary migrant vs. not

Observations 52,680
Wald Chi-square 38.28
Log likelihood —751.2
Subjects 48,661
Failures 107

1.40" (0.94-2.07)
4.00"* (1.73-9.24)
3.01** (1.86-4.88)

1.63** (1.15-2.32)
3.93" (1.23-12.53)
2.75** (1.85-4.07)

2.40"* (1.59-3.63)
1.98 (0.29-13.78)
1.33 (0.85-2.08)

52,543 55,847
40.22 21.05
—892.8 —649.0
49,573 53,271
126 92

Hkk

P <0.01, *p <0.05, *p <0.1.
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the decline of CD cause of death (11). Non-linear trends
over the 2000-2011 period are essentially attributable
to CDs mortality for both sexes (Fig. 4) and to NCD for
males (Fig. 5), with a gradual increase in NCD mortality
for females (53).

Mortality from a CD

In Fig. 4, CD mortality trends show a rise and then a fall
over the course of the study period. The scourge of AIDS
and TB impacted these mortality profiles between 2000
and 2007 (11, 53) and health system made anti-retroviral
treatment available in the period 2008-2011 (11).

Table 2 shows three comparable multivariate competing
risk regression models, one for each period, enabling us
to examine the relationship between temporary migration
and CD mortality over time, with temporary migration
discriminated by short duration ( <3 years) and longer
duration (>3 years). There are important associations
between migration and mortality from CDs. At the start
of the period, temporary migration shows a particularly
high risk of mortality with long duration temporary
migration having 2.7 times higher risk of death than
non-migrants and short duration temporary migration
2.5 times higher risk. Over time the effect lessens although
it remains significantly negative for long duration tem-
porary migrants in the middle period. In the last period,
shown in the right-hand column, longer duration tem-
porary migration has become a significantly protective
factor from CD mortality. The environment for temporary
migration has shown an important shift from high risk of
exposure to HIV, TB, and acute respiratory infections,
possibly due to the associated disruption from normal
family supports and the un-healthy environments at des-
tination, to an environment where the benefits of migra-
tion have improved, including better access to health
care and relative socioeconomic well-being for migrants.
By the end of the period, longer duration temporary
migration has become positively associated with survival
and the picture is mixed for shorter duration temporary
migrants.

Mortality from NCD

The age-adjusted level in NCD mortality increased in both
sexes over the decade of observation, with male rates
increasing in the earlier half of the observation period and
then leveling off, and female mortality rates from NCD
increasing steadily over the period (53). The Agincourt
mortality profiles shown in a Supplementary file indicate
that over the 8 years from 2004 to 2011, the percentage of
mortality attributable to an NCD increased in all age and
sex groups.

Table 3 shows three competing risk regression models,
examining the relationship between temporary migration
and NCD mortality over time. At the start, temporary
migration shows a strong association with NCD mortal-
ity with long duration temporary migration having 1.9

times higher risk of death than non-migrants and short-
duration temporary migration 1.5 times higher risk. As
with CD mortality, the effect lessens over time and be-
comes non-significant in the middle period, and protec-
tive in the last period for long duration temporary
migration. This may reflect an overall shift in the dangers
associated with long-term temporary migration, from one
of negative lifestyle changes, disruption, and stress at the
start of the period, associated with high mortality rates
from NCD for temporary migrants compared to non-
migrants, to a lessening of this relationship over time,
associated with an increasingly protective effect of long-
term temporary migration at the end of the period.

Migration and mortality from external causes
Temporary migration is significantly associated with
mortality from external causes, including assault, motor
vehicle accidents, self-harm, and other causes. The gender
dimension is striking with men four to five times more
likely to die from an external cause compared to women.
Both short and long duration temporary migrations stand
out as exposures significantly associated with increased
risk of mortality from an external cause of death at the
start of the decade, but the negative relationships lessen
over time.

Migration and mortality from undetermined causes
For undetermined causes of death, the numbers of cases
are much fewer than the main causes of death and the
general impact of migration follows a similar pattern as
seen above with long duration temporary migration
showing a significant mortality risk in the first two thirds
of the period, which has become insignificant by the end
of the period.

Discussion

The availability of long-term demographic and health
surveillance data allows us to gain insights into the trends
in temporary migration and mortality and their relation-
ship over the period 2000-2011. The results relate to pat-
terns of urban transition in settings with high levels of
temporary circular migration. Analytically, temporary mig-
ration identifies the individuals that are away for most
of the time, but remain linked to the rural households of
origin. The data presented show the stability and even
growth of temporary migration patterns in rural, north-
east South Africa. Remittance patterns are also stable and
although men are more likely to migrate for employment
reasons, women are increasingly likely to migrate and a
half of these female migrants are also employed. In this
paper, we do not explore the frequency, quantity, or size of
the remittances, but the two variables, ‘percent of migrants
employed’ and ‘percent of employed migrants that remit’,
indicate the intrinsic economic importance of temporary
migration. Furthermore, employed female temporary
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migrants are more likely than males to remit something
back to the original household. Under apartheid, rural
South African households were forced to participate in an
imposed migrant labor system, but current data show the
ongoing relevance of labor migration as a rural livelihood
strategy for men and women.

There are features in the mortality trends presented here
that are consistent with the conventional epidemiological
transition in this rural sub-district. Coupled with severe
mortality increases from CDs in the first half of the period,
due primarily to AIDS and TB (53), mortality from NCDs
has been increasing, albeit more gradually, which has
led to the pattern of a dual burden of illness (17). The
mortality rates from AIDS/TB started coming down from
2008/9. Although the reasons for this are not directly
examined in the paper, there has been a widespread rec-
ognition that making anti-retroviral therapy available at
public hospitals and health centers has played a major
role (11). Thus, we see in this one setting, aspects of
the conventional epidemiological transition, but equally
important key aspects of the revision to that transition
more in step with current thinking regarding the GBD.

Most notably our empirical work suggests that caution
should be taken in not making too simplistic an asso-
ciation of age and geography with health outcomes. In
many instances, temporary migration is more impor-
tant than age and sex in explaining variations in mortality.
Temporary migration is shown to have a relationship
with mortality from CDs, but the relationship is not
consistent over time. Notable here is that the Agincourt
HDSS data are distinctly privileged in identifying and
following temporary migrants; other data sources (often
on which discussions of health transition are based) do
not have such detail. A single interval of about a decade in
length is arguably insufficient to either confirm a new
pattern for an epidemiological transition or refute it. Still,
the range of changes we see, included dramatic prospective
shifts in health prospects due to HIV/AIDS treatment,
along with the ongoing dramatic changes in population
mobility and the technology of transportation and com-
munication, argue for continued attention to the dynamics
of migration and health.

We find a strong association of migration and CD
mortality, especially for male temporary migrants, in the
early part of the observation period. The relationship is
most likely driven by a process whereby temporary labor
migrants that become ill as a result of exposure outside
home, may eventually die in their rural households (56).
In the latter part of the observation period conditions
for temporary migrants seem to have improved such
that the association of temporary migration and survival
becomes a positive relationship. Causes are not directly
examined in the study, but three factors can play a role.
First, the risk of transmission of infectious disease has
possibly declined through temporary migration becoming

Migration and the epidemiological transition

more selective in nature and the process less stressful for
the migrant. Second, temporary migrants and their origin
households are more connected through mobile phone
technology, which can lessen the impetus for extra-marital
sexual partnerships. Third, the improved access to health
care may have benefited migrants, especially by ART being
made available through government and non-government
programs targeting migrant workers.

The association of migration and NCD mortality shows
a relationship that transitioned toward a healthier asso-
ciation, with temporary migration starting as a possible
risk factor at the beginning of the period, but becoming
more positive over time. Although we do not have causal
models to directly examine risk factors in the temporary
migration and mortality relationships, we have included
a small interpretive device by discriminating between
shorter and longer duration temporary migrants in the
regressions. As explained in the literature review, there
is evidence of both positive and negative health impli-
cations of migration in different settings, and similarly
positive and negative implications for household socio-
economic status reported in different studies. To explore
which direction our data point we can assume that longer
duration temporary migrants of both sexes are more
likely to have succeeded in gaining employment and thus
are more likely to be a consistent wage earner. Shorter
duration migrants are less likely to be consistently earning
awage. If temporary migrants’ relationship to mortality is
influenced by exposure to unhealthy environments, diet
and or other lifestyle factors, like alcohol and smoking,
then shorter duration migrants would be exposed for
shorter times and thus show less association with mortal-
ity, and, conversely, longer term migrants show more
association with mortality. Although far from conclusive,
our findings indicate that CD mortality has a stronger
association with longer duration migration in the earlier
part of the period, consistent with unhealthy exposure,
which changes over the observation period into an
association with better survival chances, consistent with
these migration-related risks lessening over time. NCD
mortality shows a somewhat different relationship with
migration. A longer duration of migration is consistently
less associated with mortality than shorter duration
migration throughout the observation period. This may
indicate that the economic benefit of longer duration
temporary migration is playing a stronger positive role
than unhealthy exposures playing a negative role in the
relationship between migration and mortality. A similar
picture is shown for external causes of death, which is even
more sensitive to migration than CD or NCD mortality. In
summary, risks of CD mortality may be higher for short-
term migrants due to disruption and exposure, whereas for
NCD mortality, the relationship to migration is driven
more by the positive relation of the earnings of longer
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duration migrants making them less likely to succumb to a
fatal illness.

While no observational study such as ours can reach the
inferential conditions of a true randomized experiment
(necessarily so), our design and analysis improve signifi-
cantly on comparative cross-sectional analysis while also
pointing the way to more sophisticated, promising data
collection, and analysis for the future. It is probably true
that we will not have randomized experiments regarding
migrants’ status (57). Therefore, carefully crafted longi-
tudinal studies of the redistribution of persons across
geography (and associated changes in risk regime and
livelihood) will be crucial for understanding the 21st
century version of the epidemiological transition in sub-
Saharan Africa.

Health and social policy implications arise from the
importance and vitality of the rural-urban links shown in
the study. When the circular nature of migration from
poorer communities is not well understood, the balance
between rural and urban development is potentially
misconstrued. Migration dynamics that keep households
economically vital are conceptually flattened through
the temporary migrants being grouped into the urban
category while their households of origin, to which they
remain economically linked, are classified as rural.

A study limitation arises from the fact that the data are
from a small sub-district in remote rural South Africa and
we need to consider how representative the data are. We
know the levels of circular labor migration are high, and
in other areas may not be as high, but it is still valuable to
examine the case study to get an empirical understanding
of the trends and associations between migration and
mortality. Many HDSS data systems reveal active migra-
tion patterns and comparative studies are starting to
emerge (13).

Another limitation of our study is that the covariates
were restricted to age, sex, period, and temporary migra-
tion status, while the outcome was restricted to large
causes of death. Whereas this was useful to keep enough
statistical power for our estimates, further research should
aim at examining the migration—health relationship for
different socioeconomic categories and also for specific
diseases. This requires reconstructing individual, house-
hold and community histories consistently over the obser-
vation period in relation to migration histories. This is
currently being tackled. Barring data availability, this will
help target sub-populations with specific health needs.

In this study, we examined the evolution of the relation-
ship between temporary migration status and causes of
death. However, the permanent residents who form the
baseline category in our study are not necessarily homo-
genous. A number of selective processes — some of them
related to health — may change the composition of the
permanent population. Previous research (56, 58) based
on data from the 1990s to the mid-2000s has shown how

the migrants returning sick after a long period of residence
out of the site have highly contributed to reduction in life
expectancy. While these studies confirm the ‘unhealthy
return migrant’ hypothesis, studies are lacking to confirm
in Agincourt HDSS the more famous ‘healthy migrant’
hypothesis. Future research will benefit considerably from
giving more attention to the influence of individual and
household migration histories on the prevalence and
incidence of both communicable and NCDs, and longi-
tudinal data-collection platforms such as the one we
employ are well-suited to provide such information.
Moreover, such extensive longitudinal approaches can be
readily supplemented with data collection on the migrants
at destination and information about social and monetary
connections between origin and destination. As epidemio-
logists and health policy-makers demand more definitive
information about the determinants of the contem-
porary health transition, such expanded inquiry offers
considerable promise for understanding health implica-
tions of migration and urbanization.

Main findings

e In rural, northeast South Africa, temporary mig-
ration involving migrants that relocate mainly for
work purposes and remain linked to the rural
household is more important than age and sex in
explaining variations in mortality, whatever the
cause.

o In this setting, the changing relationship between
temporary migration and communicable disease
mortality is primarily affected by reduced ex-
posure of the migrant to unhealthy conditions.

o The study suggests that the changing relation-
ship between temporary migration and non-
communicable disease mortality is mainly affected
by increased livelihood benefits of longer dura-
tion migration.

Key messages for action

e Health care access should be expanded for
migrants, especially by making patient informa-
tion available to health practitioners in rural
healthcare system to enhance continuity of care
when a migrant returns home.

e The rural healthcare system should be im-
proved, as migrants tend to return to the rural
households when in need of health care.

e Temporary migration is associated with both
non-communicable and communicable diseases;
therefore, public health policies should account
for population mobility whatever the targeted
health risk.
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Background: Nearly one in three South Africans will suffer from a mental disorder in his or her lifetime, a
higher prevalence than many low- and middle-income countries. Understanding the economic costs and
consequences of prevention and packages of care is essential, particularly as South Africa considers scaling-
up mental health services and works towards universal health coverage. Economic evaluations can inform
how priorities are set in system or spending changes.

Objective: To identify and review research from South Africa and sub-Saharan Africa on the direct
and indirect costs of mental, neurological, and substance use (MNS) disorders and the cost-effectiveness of
treatment interventions.

Design: Narrative overview methodology.

Results and conclusions: Reviewed studies indicate that integrating mental health care into existing
health systems may be the most effective and cost-efficient approach to increase access to mental health
services in South Africa. Integration would also direct treatment, prevention, and screening to people
with HIV and other chronic health conditions who are at high risk for mental disorders. We identify four
major knowledge gaps: 1) accurate and thorough assessment of the health burdens of MNS disorders,
2) design and assessment of interventions that integrate mental health screening and treatment into existing
health systems, 3) information on the use and costs of traditional medicines, and 4) cost-effectiveness
evaluation of a range of specific interventions or packages of interventions that are tailored to the national
context.

Keywords: mental health; South Africa; economics; health planning; policy; costs and cost analysis
Responsible Editors: Nawi Ng, Umed University, Sweden; Barthélémy Kuate Defo, University of Montreal, Canada.

*Correspondence to: Karen J. Hofman, PRICELESS and MRC/Wits Rural Public Health and Health
Transitions Research Unit (Agincourt), School of Public Health, University of the Witwatersrand, Room 231,
27 St Andrews Road, Parktown, Johannesburg 2193, South Africa, Email: Karen.Hofman@wits.ac.za

This paper is part of the Special Issue: Epidemiological Transitions — Beyond Omran’s Theory. More papers
from this issue can be found at http://www.globalhealthaction.net

Received: 25 November 2013; Revised: 20 December 2013; Accepted: 21 December 2013; Published: 15 May 2014

ental, neurological, and substance use (MNS)
Mdisorders accounted for 10% of the global

burden of disease (GBD) in 2010 (1), yet on
average, mental health accounts for less than 1% of
national health budgets in Africa and South East Asia
(2). In South Africa, as in many low- or middle-income
countries (LMICs), the burden of mental disorders has
grown over the past 20 years (1990-2010) (1). This rise

is expected to continue, in part due to the ongoing
epidemiological transition from communicable to non-
communicable diseases (NCDs) (3) and co-morbidity be-
tween MNS disorders, HIV, and other chronic health
conditions (4-6).

In 2011, faced with this growing burden, South Africa’s
Ministry of Health publically committed to increasing
by 30% the number of people screened and treated for
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mental disorders by 2030, and to reducing by 20% per
capita alcohol consumption by 2020 (5, 7, 8). Health
budgets and system designs, however, do not currently
reflect these new commitments. For example, the District
Specialist Teams introduced under the proposed national
health insurance provide key specialty services to supple-
ment primary health care at the district-level, but the
teams do not include mental health providers (9). Better
understanding of cost-effective, context-specific interven-
tions or packages of interventions for treatment and
prevention of MNS disorders may contribute to achiev-
ing South Africa’s ambitious mental health targets.

Economic data is one of several relevant factors, in-
cluding burden of disease and equity, that policymakers
and donors consider as they set priorities and make
spending choices in resource-limited settings. Economic
data provides an ‘external frame’ that can be used to
make comparisons between competing priorities or in-
terventions and justify investment in programs (10, 11).
Cost-effectiveness analyses (CEAs), which compare inter-
ventions to determine those likely to yield the most im-
provements in health per dollar (12), have achieved notable
successes as an advocacy tool for system improvements
(13, 14).

Despite the importance of economic information in
advocating for and designing policy change, there are
no reviews of costs related to MNS disorders and cost-
effectiveness of their treatment in South Africa, and few
reviews that examine costing aspects of MNS disorders
in any LMICs (2). Compiling the disparate information
on costs and cost-effectiveness at a country-level could
facilitate identification of key needs, interventions, and
knowledge gaps. A health system approach, which goes
beyond single disorders or interventions, is necessary
because MNS disorders often occur together and may be
co-morbid with other health conditions, and a holistic
view can inform the design of treatment packages (15).

Mental health care in South Africa differs from that
in other LMICs, making a South Africa-specific review
necessary. Although South Africa’s gross national income
(GNI) bears greater similarity to other middle-income
countries than to the rest of sub-Saharan Africa, find-
ings on MNS disorders from middle-income nations,
including those in Latin American or South East Asia,
cannot be generalized to South Africa. South Africa
has a unique post-apartheid socioeconomic and cultural
context of inequality, with one of the highest Gini co-
efficients globally (a statistical measure of income
inequality in a population) (16), and particular disparities
between rural and urban areas. It also has a complex
disease burden characterized by high HIV prevalence
and a growing burden of non-communicable chronic
conditions (17).

Given the paucity of economic assessments of mental
health in sub-Saharan Africa and the specific challenges

facing South Africa’s mental health system, this review
summarizes current understanding and highlights key
knowledge gaps. Findings may inform future research
and the design of mental health policy and interven-
tions in South Africa, other nations in sub-Saharan
Africa, and settings with a high prevalence of conditions,
including HIV, that may be co-morbid with mental
disorders.

Prevalence and epidemiological burden
of MNS disorders in South Africa

Globally, the World Health Organization (WHO) esti-
mates that 30.8% of all years lived with disability (YLDs)
are due to neuropsychiatric disorders, primarily uni-
polar depression (11.9%), alcohol use disorder (3.1%),
schizophrenia (4.8%), and bipolar mood disorder (4.4%)
(18). Three MNS disorders (unipolar depressive disorders,
self-inflicted injuries, and alcohol use disorders) are
among the top 20 causes of disability-adjusted life years
(DALYs) lost globally (18, 19), and MNS disorders
account for a larger percentage of lost DALYs than
cardiovascular disease or cancer.

The South African Stress and Health (SASH) Study,
conducted between 2002 and 2004, provides the only
nationally representative data on the prevalence of com-
mon mental disorders (20, 21). Other prevalence studies
examine specific populations and disorders (22, 23), but
do not provide the national representativeness of the
SASH (24). Table 1 shows that lifetime prevalence of
common mental disorders was 30.3%, and prevalence in
the 12 months prior to the survey was 16.5%.

SASH, part of the WHO World Mental Health Survey
Initiative, is a cross-national effort to collect country-
specific epidemiological data on mental disorders using a
single assessment tool and data collection methodology.
It includes seven LMICs: China, Columbia, Lebanon,
Mexico, Nigeria, South Africa, and Ukraine. Lifetime
prevalence rates of select types of MNS disorders are
shown in Table 1 (25). Examining all countries surveyed,
the highest lifetime prevalence of these disorders is in the
US and New Zealand (47.4 and 39.3%, respectively)
while the lowest is in Nigeria and China (12.0 and 13.2%,
respectively). South Africa has more than twice the
lifetime prevalence of mental and substance use disorders
than Nigeria (12.0%), the only other African country
surveyed (21, 26), and a greater lifetime prevalence than
all LMICs except Columbia and Ukraine. However, these
comparisons must be interpreted cautiously because
researchers acknowledge that prevalence may be under-
reported in Nigeria and China due to stigma and lack of
public familiarity with surveys (27); prevalence of im-
pulse control disorders are measured in all LMICs except
South Africa, potentially altering the overall prevalence
estimate (25); and the manifestations of mental disorders
and their diagnostic criteria may vary between cultural
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Closing the mental health treatment gap

contexts, making any single diagnostic instrument poten-
tially unfit to capture the range of ways mental disorders
may be expressed (28). In this review, we have chosen to
focus our epidemiological examination only on data from
the WHO World Mental Health Survey to ensure uni-
form data collection methodology and consistency in defi-
nitions of mental disorders. Overall, there are less
epidemiological data on mental disorders than on other
disorders in LMICs and few panel data available to
examine change in their prevalence or burden over time
(29).

The SASH data suggest that the high prevalence
of common mental disorders may be caused by exposure
to stress and trauma during apartheid and the on-
going period of racial tension and inequality following
apartheid (21). The SASH data shows that 74.8% of
South Africans have experienced at least one traumatic
event, most commonly trauma related to someone close
to them (for example, death of a friend or family
member), witnessing a traumatic event, or being the
victim of criminal or intimate partner violence (20).
These traumas and other life stressors, such as economic
hardship and relationship problems, were associated with
increased 12-month and lifetime prevalence of common
mental disorders (30).

In 2000, neuropsychiatric disorders (including mental
and nervous system disorders) ranked third in their
contribution to South Africa’s national burden of disease.
Table 2 shows the contributions of individual MNS
disorders to that burden (31). YLD data was not directly
collected for the country and, consequently, DALY and
YLD estimates must be interpreted cautiously. Suicide,
the only MNS disorder in the top 20 leading causes
of YLLs, ranked thirteenth (1.3%). Suicide causes
5,514-7,582 deaths per year (17), with the number of
suicide deaths of people aged under 35 and over 65
increasing between 1968 and 1990 (32).

MNS disorders are commonly co-morbid with HIV,
and the conditions are mutually reinforcing (6, 24, 33).
Considerable research has focused on the high prevalence
of common mental disorders in HIV-positive patients
(33-36), with one study reporting that 35% of HIV
patients in South Africa (n =100) meet the criteria for
major depressive disorder, 6% for bipolar mood disorder,
and 21% for generalized anxiety disorder (33), far higher
than prevalence estimates for the general population
(24, 33). Among patients with severe mental illness
admitted to a psychiatric hospital (n =206), 29.1% were
HIV positive, nearly triple the general population pre-
valence (37). These co-morbidity data may not reflect the
current situation, as they were collected before the rollout
of ARVs and at the tertiary health care level where people
with the most advanced HIV-related disease present for
treatment; those who did not go to the hospital or who
visited primary care clinics were not included.
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Table 2. Contributions of MNS disorders to South Africa’s
burden of disease

Ranking in
Percentage of contribution to
burden of disease burden of disease

MNS disorder (South Africa) (South Africa)

Unipolar depressive 5.8 2
disorders

Alcohol use 2.8 6

Bipolar mood disorder 2.1 9

Schizophrenia 2.1 11

Drug use 1.6 14

Foetal alcohol syndrome 1.1 16

Obsessive compulsive 1.0 18
disorder

Panic disorder 1.0 19

Source: Norman et al. [31].

Depression and other mental disorders are of parti-
cular concern in patients with HIV because they can lead
to suboptimal treatment adherence, and consequently,
lower CD4 counts, increased viral load, and a greater
chance of developing drug-resistant strains of HIV that
require more costly second-line anti-retroviral therapy
(38). A diagnosis of HIV also complicates treatment of
MNS disorders because of interactions between antire-
troviral drugs and other medications. Phenobarbital,
for example, a common treatment for epilepsy in sub-
Saharan Africa, substantially reduces the half-life of
some anti-retrovirals, lowering their therapeutic efficacy
(39).

There has been little published research on co-
morbidities between MNS disorders and other chronic dis-
eases, yet existing data from South Africa and elsewhere
in sub-Saharan Africa suggests association between
mental disorders and diabetes, stroke, and epilepsy
(40-45).

Service delivery infrastructure
In 2005, South Africa devoted 2.7% of its health budget
to mental health care (19), more than twice that of
Ghana, Uganda, and many other low- to middle-income
countries (46), but less than high-income nations, such as
the UK, which uses 10.8% of its health budget on mental
health. Brazil and India, South Africa’s middle-income
peers, spend 2.38 and 0.06% of their health budgets
on mental health, respectively (47). Mental health care
budget data in the WHO’s Mental Health Atlas was
updated in 2011, but did not include new South African
budget data. Consequently, 2005 data, the most recent
available, is given here for South Africa.

As in many LMICs, the mental health system in
South Africa is fragmented. Mental health care in

South Africa has historically been reliant on psychiatric
hospitals, with little attention to mental health in primary
care (19, 48, 49). Currently, care for psychiatric disorders,
epilepsy and other neurological disorders often occurs
in silos, even at the same health facility, and also varies
from urban to rural areas. For example, epilepsy may be
treated by mental health care providers in rural areas, but
by physical health care providers in urban areas. Sub-
stance use disorders are also treated in both the health
sector and in social development. While the policy is to
develop comprehensive care at a primary care level, this is
not yet fully realized. Importantly, in South Africa, many
people use traditional medicines for MNS disorders,
often before or instead of seeking conventional medical
treatment (50, 51).

With respect to human resources, there is a substantial
mental health workforce shortage, with 1.2 psychiatrists
and 7.5 psychiatric nurses per 100,000 people, nearly
10 times less than many high-income countries. South
Africa’s mental health professionals are concentrated in
urban locations, with some rural provinces having one
or no psychiatrist, leading to great disparities in care
(19, 48).

Review methods
For this narrative overview, we searched Google Scholar
and MEDLINE (using PubMed and Ovid) for articles
written in English on the economic burden of MNS
disorders and for costing data on mental health inter-
ventions in South Africa and other sub-Saharan African
countries. The narrative overview strategy was selected
because it facilitates outlining an area of research that has
previously not been widely discussed and highlights key
theoretical or empirical gaps in the existing knowledge,
yet does not fulfil the methodological criteria of a
systematic review (52). To ensure that results provided a
sufficient and broad overview of the existing knowledge,
we used a deductive approach, generating the paper’s
headings (direct costs, indirect costs, CEAs) then search-
ing for studies that fit those categories. We broadened the
search criteria (from South Africa to sub-Saharan Africa)
if there was little literature from South Africa, a strategy
that would not be appropriate for a systematic review, but
was called for in this case because the amount of
economic data available from South Africa and whether
data from elsewhere in sub-Saharan Africa is general-
izable varies widely between different economic themes
(i.e. direct costs, indirect costs, cost-effectiveness). We
screened the search results for relevant, methodologically
rigorous studies and conducted a forward search of the
references of many of the relevant results to identify
additional studies. Table 3 displays a summary of all of
the studies included in the narrative overview.

Language in South Africa’s mental health policy
focuses on mental health and substance use disorders
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Tuable 3. Summary of articles included in the narrative overview

Economic information Number of Themes

Study setting

available studies (total: 18) (number of study in parentheses) (number of study in parentheses)
Direct costs 5 Private sector chronic care (2), public sector South Africa (5)
workforce costs (2), community interventions (1)
Indirect costs 4 Income loss from depression (1), severe mental Ghana (1), Kenya (1), Nigeria (1),
disorders (1), hospital stay for mental disorder (1), and South Africa (1)
and psychological distress (1)
Cost-effectiveness 9 Cost-effectiveness of interventions for depression (1), Low- and middle- income

epilepsy (1), bipolar mood disorder (1), heavy alcohol

regions, including sub-Saharan

use (2), schizophrenia (1), and many mental disorders  Africa (7), Nigeria (1), Uganda (1)
(2); cost-effectiveness of group psychotherapy (1)

(53), but we broadened the definition to MNS disorders
to include patients with neurological disorders, such as
epilepsy, who are often treated in mental health care
facilities alongside those with mood disorders, anxiety,
schizophrenia, and substance use disorders. Neurological
and substance use disorders are also often co-morbid
with mental disorders and share many of the same co-
morbidities as mental disorders, such as HIV and other
NCDs. Because the mental health system addresses MNS
disorders and these disorders are interlinked, an eco-
nomic analysis would not be complete without attention
to the full burden on the system.

Results

Economic burden of MNS disorders

Economic costs due to mental illness are typically divided
into direct and indirect costs (12, 54). Individuals, govern-
ments, health insurers or other institutions pay direct
costs, usually the costs of medical care and services.
Indirect costs include funds spent or lost as a result of the
condition, including lost productivity for patients and care-
givers, unemployment and disability benefits, and legal,
penal, or other costs related to a crime. While distinguish-
ing direct from indirect costs is useful, there is no defined
reference case for measuring costs and classifying them
as direct or indirect. As a result, there is considerable
methodological variation between studies.

Direct costs

Two studies have explored the direct costs of private,
outpatient chronic disease care in South Africa. One
examined the costs of caring for patients who have private
health insurance with chronic disease benefits and have
been diagnosed with schizophrenia, epilepsy, or bipolar
mood disorder (n =210,664 health insurance beneficiaries
receiving treatment for at least one chronic condition—
no specific data on number receiving treatment for other
chronic mental disorders). In 2001, outpatient medical

management (primarily tests, scans, and doctor visits)
for 1 year ranged from R875 (USD$88) for an individual
with bipolar mood disorder to R1200 (USD$120) for
an outpatient with schizophrenia or epilepsy. Medica-
tion costs, on average, are much higher, ranging from
R4362 (USD$436) for patients with epilepsy to R7287
(USD$729) for those with schizophrenia and R7512
(USDS$751) for those with bipolar mood disorder (55).
Additionally, based on data from a private sector phar-
maceutical group, in 2008, prescriptions for Alzheimer’s
disease cost an average of R2659 (USD$266) per patient
per year (n =588 patients) (56).

Public sector workforce expenditures in LMICs ac-
count for a substantial portion of health care costs (57),
and likely a larger portion of mental health care costs
because mental health services, particularly those with
adequate capacity for psychosocial care, rely less on
laboratory tests or tools and more on trained workers
than other forms of healthcare (2). The estimated work-
force cost of providing integrated adult mental health
services for a limited number of priority mental disorders
using a task-shifting approach (dedicating and support-
ing counsellors and community health workers to work
in mental health rather than hiring more expensive
specialist health mental workers) in primary health care
in South Africa was £28,457 per 100,000 population
(approximately USD$44,200 or USD$0.44 per person in
the population served by the primary health care facility).
The staffing costs of scaling-up integrated primary men-
tal health care, and employing a task-shifting approach
was cheaper than alternative staffing models to provide
comparable care coverage, although the exact cost differ-
ence was not specified (58). The staffing costs associated
with implementing inpatient and outpatient child and
adolescent mental health care ranged from $5.99 per
individual in the population to provide care for 15-30%
of children and adolescents with mental disorders to
$21.50 for care for 100% of children and adolescents
with mental disorders (59). A randomized control trial

Citation: Glob Health Action 2014, 7: 23431 - http://dx.doi.org/10.3402/gha.v7.23431 141


http://www.globalhealthaction.net/index.php/gha/article/view/23431
http://dx.doi.org/10.3402/gha.v7.23431

Helen Jack et al.

in South Africa examined the effects of home-visits for
recently discharged psychiatric patients (n=>51) that
aimed to prepare the family for home care and assessed
health status and care over a 1-year period. This inter-
vention reduced re-admission by 31.5% and the number
of days spent in hospital in a year by 55.6%, producing
a cost saving of R786 (approximately USDS$79) per
patient (60).

Indirect costs

Indirect costs, i.e. costs to families and households, may
contribute to the total economic burden of mental illness
more than direct costs (54). Only one study has assessed
indirect costs in South Africa, but several have examined
these costs elsewhere in sub-Saharan Africa.

In terms of productivity, the presence of severe depres-
sion or anxiety was associated with a reduction in personal
income of USD$4798 per adult per year in South Africa,
resulting in a national loss of USD$3.6 billion annually
(61). In contrast, a Nigerian study found the annual
impact of a severe mental disorder on productivity was
USD$463 per patient, totalling USD$166.2 million an-
nually (62). The disparity in these costs may be due to
differences in purchasing power parity (PPP) between
countries and different measurements of productivity.
Examining the indirect costs of the institutional care
system, a Kenyan study estimated lost productivity over
the course of a hospital stay for patients and their families,
showing that one psychiatric hospital admission resulted
in a USD$453 productivity loss (63). Conversely, house-
hold survey data from Ghana examined the general
population, many of whom lack access to mental health
treatment, and showed that psychological distress,
measured using the Kessler 10 Psychological Distress
Scale (64), was associated with unemployment and lost
work time in both formal and informal sectors. Indivi-
duals with moderate or severe psychological distress
had reductions in productivity of 11.1 and 24.4%, res-
pectively. From these estimates, the researchers calculated
that psychological distress in Ghana is associated with
an approximately 6.8% GDP loss, or USD$2.7 million
annually (65).

Despite research indicating that common mental dis-
orders co-occur with HIV in South Africa (35-37), no
studies specify the direct or indirect costs that stem from
the impact that MNS disorders have on other chronic
conditions, including diabetes, and stroke.

CEAs of mental health interventions

Existing research suggests that standard treatments, in-
cluding psychotropic medications and various forms of
psychotherapy, are effective in LMICs (66), and pre-
liminary cost-effectiveness data suggests that they may

also provide good value for money in terms of DALY
averted.

Several studies examine the cost-effectiveness of inter-
ventions for depression (67), epilepsy (68), bipolar mood
disorder (69), heavy alcohol use (70, 71), and schizophre-
nia (72) in low-income regions, including sub-Saharan
Africa. Using the same methodology, a single study com-
pared the cost-effectiveness of interventions to address
all of these disorders in sub-Saharan Africa. By estimat-
ing staffing, drug, and patient care costs (inpatient stay,
laboratory tests, outpatient visits, medications), the re-
searchers found that national or regional alcohol control
policies (USDS$117 per DALY averted by increasing
taxation by 50%) and treatment for epilepsy or depres-
sion in primary care (epilepsy: USD$265 per DALY
averted; depression: USD$858 per DALY averted using
newer anti-depressants) were most cost-effective, while
inpatient care for schizophrenia using newer psychotropic
drugs (USD$11,072 per DALY averted) was least cost-
effective. Treating schizophrenia (USDS$2,748 per DALY
averted) and bipolar affective disorder (USD$2,551 per
DALY averted) in the community using older psycho-
tropic drugs paired with psychosocial care was more
cost-effective than inpatient treatment (schizophrenia:
USD$6,816 and bipolar affective disorder: USD$4,874
per DALY averted). In general, treatments administered in
community and primary care settings were more cost-
effective than those in hospitals. There were substantial
differences in cost-effectiveness between sub-Saharan
African and South East Asian regions, underscoring the
importance of context-specific cost-effectiveness data (73).

Within sub-Saharan Africa, the only country-specific
cost-effective analysis for a range of interventions was
conducted in Nigeria and found approximate corres-
pondence with the regional data in the rank order of
cost-effectiveness of interventions, but differences in the
cost-effectiveness ratios for each intervention (26, 73).
A CEA of group psychotherapy for individuals with
depression in Uganda found that the therapeutic inter-
vention cost $1,150 per quality-adjusted life year added.
The authors concluded that this intervention was cost-
effective because it cost less than Uganda’s per capita
GDP (74), the level that the WHO Commission on
Macroeconomics and Health suggests as the upper limit
for ‘highly cost-effective’ interventions (75). However,
the study’s authors acknowledged that that there is no
universally recognized definition of ‘cost-effectiveness’ or
criteria for what makes an intervention cost-effective in
any given context.

Discussion

This narrative overview examines available costing data
on MNS disorders and the cost-effectiveness of treat-
ments, with a focus on South Africa and data relevant
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to South Africa. In the public sector, there is data on
workforce expenses at a population level for delivery
of specific packages of care (55). In the private sector,
there is information on the costs of medication and
medical management for three severe and chronic mental
disorders (58—60). Only one South African study inves-
tigated income reduction associated with depression and
anxiety (61), and few other studies estimate indirect costs
elsewhere in sub-Saharan Africa (62, 63, 65). There are
some region-level data on the cost-effectiveness of inter-
ventions for the treatment and prevention of MNS dis-
orders in sub-Saharan Africa, but no data specific to
South Africa, even though existing analyses suggest
variation in costs and cost-effectiveness between coun-
tries and regions.

What we can conclude from what we know

The data in this review suggests that indirect costs from
foregone income due to MNS disorders are substantial
(61-63, 65), and there are cost-effective interventions for
addressing them (73). The most cost-effective interven-
tions incorporate mental health care into primary care
or community services without the use of specialized
workers (58—60, 73). Such integration may be particularly
apt in South Africa because of the high and grow-
ing prevalence of MNS disorders co-morbid with HIV
and likely, with other chronic conditions (3, 17, 35-37).
Integrated interventions could improve coverage of a
population that is at high risk for mental disorders and
already presenting for care, which would maximize the
impact and cost-effectiveness of interventions and im-
prove overall health outcomes by increasing adherence
to chronic disease treatment regimes.

Prevention interventions that address alcohol consump-
tion by raising taxes, limiting advertising, or reducing
alcohol availability by restricting hours of sale or increas-
ing the drinking age have been shown to be highly cost-
effective interventions for reducing DALYs lost due to
MNS disorders in LMICs (71, 73). The low cost of these
interventions suggests that other prevention programs,
such as campaigns to reduce prevalence of risk factors for
mental disorders (such as child abuse and sexual violence),
may also prove cost-effective.

Knowledge gaps
This review reveals four linked knowledge gaps and
associated methodological challenges.

First, there is inadequate research on the health and
financial burdens of MNS disorders in South Africa
and other LMICs. In terms of health burden, much of
the existing research examines prevalence; this likely
underrepresents the burden of MNS disorders because
of underreporting due to stigma and because much of the
burden is due to disability and premature mortality from
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co-morbid conditions or poor lifestyle and self-care (6).
For instance, individuals receiving public mental health
services in the US died 13-30 years sooner than people in
the general population, although the causes of death were
similar to those of the general population (76). Premature
mortality in people with mental disorders is not well
understood in LMICs.

While DALY measurements, in theory, illustrate dis-
ability YLD and premature mortality (YLL) more ef-
fectively, consideration must be given to how the DALY
is constructed and measured. DALY estimations in
South Africa use disability weights that are not context-
specific. Disability weighting for YLD calculations varies
widely by context depending on the impact of a given
condition on a person’s lifestyle. In order to develop more
accurate burden measures, disability weights should be
empirically assessed in South Africa and other LMICs,
rather than based on regional data or data from different
countries.

Even DALYs cannot fully capture the societal costs of
mental disorders because they do not take into account
the indirect costs, such as lost productivity of patients
and carers, household resources spent caring for a sick
family member, travel costs for hospital visits, or the nega-
tive impact on patients’ children who may not receive
adequate attention and care. Indirect costs are particu-
larly high for MNS disorders and must be examined
alongside disease burden to fully illustrate their effects
on patients, their families, and the broader society (77).
Furthermore, most direct and indirect cost studies con-
ducted in sub-Saharan Africa examine mental disorders
broadly, with few studies differentiating the costs due to
particular conditions and none specifically examining
costs of neurological and substance use disorders. More
disorder-specific cost data are needed to inform decisions
about priority setting and investment.

Second, although use of traditional medicine for men-
tal disorders is common in South Africa (50, 51), there
are no data on the prevalence of use, motivations for
use, costs, or effectiveness of these treatments. A better
understanding of why people use traditional medicines
and the health effects of a range of traditional practices
would provide insight into beliefs about mental health,
how traditional healing could complement or be inte-
grated with conventional medicine, and whether any
of these practices put patients at risk. Additionally,
existing research on traditional treatments for other
health conditions suggests that the costs for traditional
medicine are high in South Africa, often as high as
those for conventional medical care, and are typically
borne by the poorest segment of the population (78), yet
there is no cost data available on traditional interven-
tions for MNS disorders. Complete, accurate data on
traditional medicines and their costs would provide a
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more thorough picture of mental health care and could
provide a basis for cost-effective, integrated interven-
tions that operate in tandem with existing traditional
practices.

Third, effective strategies for integrating mental health
services into other parts of South Africa’s health system
must be designed and tested. Interventions to incorpo-
rate mental health into primary care and into care for
people living with HIV have shown promise for use in
LMICs (79-81), but must be tested in South Africa.
Few interventions that integrate attention to MNS
disorders into treatment programs for other chronic
diseases (82) or blend conventional treatment of MNS
disorders with traditional medicines have been imple-
mented and tested in a LMIC. Before interventions can
be implemented on a national scale, they must be tested
in South Africa and the effectiveness data used to guide
scale-up.

Fourth, in concert with evaluation of the effectiveness
of interventions, there is a need for more data on cost-
effectiveness and the economic impact of a range of
interventions and intervention packages. At present,
cost-effectiveness research primarily examines specific
treatments, rather than care packages, such as coordi-
nated treatment for patients with co-morbid conditions,
prevention efforts integrated with primary health care,
or cooperation with traditional healers. Future cost-
effectiveness studies will need to examine a broader
selection of integrated interventions.

National or provincial cost-effectiveness data may
differ substantially from global or regional findings
and could be important for bringing about changes in
funding priorities (26, 73). For instance, regional cost-
effectiveness data do not fully account for inefficiencies
in South Africa’s fragile health system, such as high
absenteeism and unfilled posts. Furthermore, there is a
need to examine the broader societal benefits, such as
gains in productivity and employment and reduction
in costs to other parts of the economy, for instance,
policing and crime, child protection, or social work
services. Cost-effectiveness data can inform choices on
resource allocation, and information on economic gains
will help with advocacy for mental health services. These
types of economic data are particularly important given
the context of South Africa’s planned implementation
of a national health insurance.

Limitations

The analysis and findings in this review must be acknowl-
edged in light of several limitations. A narrative overview
was selected rather than a systematic review because there
is little economic research related to MNS disorders in
sub-Saharan Africa. As a result, there is great need for an
introduction to the topic that challenges current thinking,

and defines the future research agenda—appropriate
goals for a narrative overview (52). Although the authors
defined the section headings prior to conducting the
search, they took precautions to ensure the presentation
of findings was as unbiased as possible, confining their
commentary and interpretation to the discussion section
and did not generate their arguments until results were
drafted. The grey literature was not searched, and the
authors did not approach the Ministry of Health to get
additional unpublished data. Finally, costing data was
converted to a single currency, but was not adjusted to
account for inflation to preserve the integrity of the
original data.

Conclusion

This narrative overview examines the epidemiological
context of MNS disorders in South Africa and reviews
what is known about their costs and the cost-effectiveness
of their treatments. Existing data suggests that providing
mental health services in the context of other health
interventions and prevention efforts aimed at limiting
alcohol consumption may be most cost-effective. Further
research on the costs related to MNS disorders is greatly
needed to develop an evidence base to support effective
and efficient implementation and advocacy.

Building political will is critical for the implementa-
tion of more integrated models of mental health care.
Economic data will be one key factor in making a per-
suasive case and assisting policymakers to make more
informed choices about the importance of investment
in mental health care and inclusion of mental health in
the basket of options for the proposed national health
insurance. While this review has put forward a set of
potential priorities for researchers to address, further
analysis must be conducted in tandem with conversations
with policymakers able to introduce changes based on
the findings.

Main findings

e South Africa faces a growing burden of mental,
neurological, and substance use (MNS) disor-
ders, which are often co-morbid with HIV and
other chronic diseases. A considerable mental
health treatment gap exists, with significant care
shortages in rural areas.

e Indirect costs, primarily from foregone income
due to MNS disorders, are substantial in sub-
Saharan Africa.

e The most cost-effective treatment interventions
in sub-Saharan Africa incorporate mental health
care into community-based services. Taxation of
alcohol is a “best buy” for prevention.
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Key messages for action

e Four policy-relevant knowledge gaps are identi-
fied in South Africa:

O Epidemiological and economic burdens of
MNS disorders must be fully understood
to inform spending decisions

O More data on the use, costs, and effective-
ness of traditional therapies for MNS
disorders are necessary to develop inter-
ventions that combine traditional and
biomedical care

O Effective strategies for integrating mental
health services into primary care must be
designed and tested

O Context specific data on the cost-effective-
ness of integrated intervention models of
cares is essential for advocacy and spending
choices

e Economic data is critical for advocacy, to
develop integrated models of mental health care
and will inform choices between competing
spending priorities.
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Background: Most low- and middle- income countries are facing a rise of the burden of non-communicable
diseases (NCDs) alongside the persistent burden of infectious diseases. This narrative review aims to provide
an inventory of how the existing policy environment, health system, and communities are addressing the
NCDs situation in Tanzania and identify gaps for advancing the NCD research and policy agenda.
Methodology: A literature search was performed on PubMed and Google scholar with full text retrieval from
HINARI of English language articles published between 2000 and 2012. Documents were read to extract
information on what Tanzanian actors were doing that contributed to NCDs prevention, treatment, and
control, and a narration was written out of these. Reference lists of all retrieved articles were searched for
additional relevant articles. Websites of organizations active in the field of NCDs including the Government
of Tanzania and WHO were searched for reports and grey literature.

Results: Lack of a specific and overarching NCD policy has slowed and fragmented the implementation of
existing strategies to prevent and control NCDs and their determinants. The health system is not prepared to
deal with the rising NCD burden although there are random initiatives to improve this situation. How the
community is responding to these emerging conditions is still unknown, and the current health-seeking
behavior and perceptions on the risk factors may not favor control of NCDs and their risk factors.
Conclusion and recommendation: There is limited information on the burden and determinants of NCDs to
inform the design of an integrative and multisectorial policy. Evidence on effective interventions for NCD
services in primary care levels and on community perceptions on NCDs and their care seeking is virtually
absent. Research and public health interventions must be anchored in the policy, health system, and
community platforms for a holistic response.
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anzania’s population of 44.9 million in 2012 is

I more than three times the 12.3 million estimated in
1967 (1). The population growth rate is estimated

at 2.7% annually with a crude birth rate of 12.9 per 1,000
inhabitants. The fertility rate at 5.4 children per woman in
2012 is a drop from the 6.5 and 6.3 children per woman
estimated in 1988 and 2002 respectively, but is still very
high and contributes to the rapid increase in population
(1). The Tanzanian demographic profile, like that of other
low- and middle-income countries, is largely young, with

EM, BM, MM, and DJN claim equal authorship.

42.5% of the population being younger than 15 years,
51.9% between 15 and 59 years, and 5.6% aged 60 years
or older (1). The increasing life expectancy at birth from
50 years in 1988 to 55 years in 2010 (2) is, however,
changing this picture by slowly increasing the middle-
aged and older populations. This improved survival
has been attributed to improved health standards and
hence reduced mortality (3). Eighty percent of Tanzania’s
population lives in rural areas (1), and the adult literacy
level was 71% in 2010 (4). Tanzania’s gross national
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income per capita was USD 551 in 2010 (4), making it
one of the poorest countries worldwide. Health sector
spending amounted to 7% of the national gross do-
mestic product in 2011 (5), with the government con-
tributing to 53% of all health expenditure in 2010/11
fiscal year (6).

Tanzania has for decades struggled with the burden
of infectious and deficiency disorders along with poor
maternal and child health indicators. Successes have
been documented in the form of a steady decline of the
maternal mortality ratio from 529 deaths in 1996 to 452
deaths per 100,000 live births in 2010 (4); and the under-5
mortality ratio from 137 in 1978 to 81 deaths per 1,000
live births in 2010 (4). Malaria attributable child mortal-
ity decreased from 53 in 1999 to 36 in 2007-2008 (7, 8),
a reduction in HIV prevalence among persons aged 15
to 49 years was seen from 7% in 2003-2004 to 5.1% in
2012 (9, 10), and evidence of the impact of antiretroviral
treatment on population mortality has been documented
(11). Although these efforts are ongoing amidst resource
constraints (2), the rising prevalence of degenerative non-
communicable diseases (NCDs) is exerting further strains
on the meager resources.

In 2010, NCDs were responsible for 27% of all
deaths in Tanzania (12), a figure that is comparable to
that of neighboring countries like Mozambique (13). As
in the rest of the world, cardiovascular diseases, cancers,
diabetes, and chronic obstructive respiratory diseases
(CORDs) have been highlighted as main contributors
to premature mortality (14). In 2012, the prevalence
of hypertension in Tanzanian adults of 25-64 years of
age was 26% and that of raised fasting blood glucose in
the same population was 9.1% (15). Findings of a study
conducted in selected rural and urban communities in
Tanzania in 2003 found that crude yearly stroke inci-
dences were 95 per 100,000 and 107.9 per 100,000,
respectively (16). Despite this shrinking rural-urban
difference in burden, it has been found that the avail-
ability of NCD diagnostic and management services is
twice as much in urban compared to rural areas (17).
National representative data on heart diseases, cancers,
and CORDs could not be obtained. These NCDs
are reported to share four main risk factors: poor dietary
habits, excessive alcohol use, tobacco use, and lack of
physical exercise (18).

The health system is anchored on 5,416 health facil-
ities, at an average ratio of 1.5 facilities per 10,000 per-
sons, with dispensaries being the point of first contact
for the majority of the population. Two-thirds of facilities
are government-owned, and 236 of the facilities are of
hospital level and above (19). The provider to population
ratio in 2012 was 7.1 per 10,000 population including only
professional health workers. Efforts to tackle infectious
diseases have been targeting the health system, policies,
and the community, which are important constituents

Platforms for response to NCDs in Tanzania

of any health sector response. This paper is an inventory
of how the policy environment, health system, and com-
munities are addressing the NCDs situation. It highlights
the ways to adapt these platforms for responses to the
increasing burden of NCDs and identifies the knowledge
gaps for advancing the research and policy agendas for
NCDs in Tanzania.

Methodology

A literature search was performed using a set of compre-
hensive topic-related search terms. Inclusion criteria were
English-written articles on original work conducted in
Tanzania. We excluded systematic or narrative reviews,
opinion papers, documents including expectant women
as participants, and articles on drug evaluations and
diagnostics. The search was restricted to publications
between 1 January 2000 and 31 December 2012 to ensure
that the retrieved articles reflected the current situation
and most recent responses. The search was performed
on PubMed and Google scholar, with full text articles
retrieved from HINARI. We also undertook targeted
grey literature search, focusing on large institutions
including WHO, NCD interest groups in Tanzania, and
documents and reports of the government of Tanzania.
Articles selected included primary research articles,
evaluation, and situation analyses reports. The references
of retrieved articles were manually searched for addi-
tional material. The search terms were based on key
terms aligned to policy, health care system, and commu-
nity, the important constituents of a health sector
response (20). The terms were combined by Boolean
operators AND’ to narrow the search appropriately and
‘OR’ to expand it with similar terms. The search strategy
included the following strings: ‘non-communicable dis-
eases’ OR ‘non communicable diseases’ OR ‘NCDs’
AND Tanzania; ‘non-communicable diseases’ OR ‘non
communicable diseases’ OR ‘NCDs” AND health services
OR health care AND Tanzania; ‘non-communicable
diseases’” OR ‘non communicable diseases’ OR ‘NCDs’
AND health seeking OR health-seeking AND Tanzania;
‘non-communicable diseases’ OR ‘non communicable
diseases’ OR ‘NCDs’ AND policy AND Tanzania.
The search resulted in 10,594 articles as depicted in
Fig. 1. Ten thousand, four hundred and seventy-three
of these were excluded for reasons including title not
focused on NCDs, language other than English, or
publication date was out of target. One hundred and
twenty-one titles were found to be relevant to our subject
area and their abstracts were retrieved and screened to
determine if they matched our criteria. Forty-one ab-
stracts were excluded based on content relevance to our
topic and study design. From this step, 80 abstracts
were identified to be relevant and their full text ver-
sions were retrieved from HINARI. Bibliographies of
retrieved documents were also searched for relevant papers.
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Fig. 1. The process of selecting articles.

Six documents were identified this way, three of which
were peer-reviewed articles, and the other three were
reports. When our initial search yielded only two papers
on community responses to NCD, we expanded our
inclusion criteria to include articles on health seeking for
HIV, TB, or malaria. We obtained 18 relevant pub-
lications based on this expansion.

Analysis was done based on pre-determined themes
on NCD policy prevention and control, health system
financing, NCD health services, and human recourses of
health regarding NCD services and community health-
seeking behavior and practices. These themes were pre-
determined taking into account the review objectives
and focused on the main health sector response con-
stituents. Documents were handled manually in that
no data management software was used during the
analysis. They were read to extract information on what
Tanzanian actors were doing that contributed to NCDs
prevention, treatment, and control, and a narration was
written out of these responses. There were discussions
among the first four authors on content of the results and
in case of disagreements resolution was by consensus.

150

Results

This review included 49 documents that were comprised
of 26 peer-reviewed articles which were mainly cross-
sectional studies published between 2006 and 2012. Three
of the 26 articles are included in the policy section, one
in the health systems section, and 22 in the commu-
nity section. The other 23 documents were grey literature
mainly from the Tanzanian government and WHO
sources, published between 2001 and 2012. Six of these
documents were reviewed for the policy section, 17 for the
health system, and none was reviewed for the community
section. Three of the six documents obtained through
searching the reference lists of retrieved articles were
peer-reviewed articles, the remaining were grey literature.
In these results the NCD-related policy environment is
described first and then the preparedness of the health
system for the rising NCD burden. This will be followed
by an inventory of community responses to NCDs.

Policies and strategies on NCDs and their
determinants in Tanzania

The government has established a unit at the Ministry of
Health and Social Welfare (MoHSW) to steer formulation
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of NCD policies and guidelines (21). It has also included
prevention and control of NCDs as strategic objectives
of the health sector (7). This National Strategy for NCDs
2008-2013 identifies primary, secondary, and tertiary
prevention as important components in addressing NCDs
(7). The strategy is integrated and generic and addresses
NCDs only from the health sector perspective (7, 12).
There was neither an overarching national NCD pol-
icy nor evidence of harnessing of non-health sectorial
policies in the current response to NCDs despite the mul-
tifaceted etiologies of these diseases. Regarding addres-
sing of the four main risk factors of NCDs, by 2011,
Tanzania had integrated strategies for alcohol; smoking;
physical inactivity; and unhealthy diets, overweight, and
obesity (12).

The government signed (in 2004) and approved for
implementation (in 2007) the WHO’s Framework Con-
vention for Tobacco Control (FCTC) (22). This conven-
tion clearly presents both demand and supply reduction
provisions for controlling exposure to tobacco, among
other provisions (23). Fortunately, some of its demand—
reduction provisions such as the introduction of excise
taxation on tobacco were already in place (24), but
still more actions are needed considering that smoking
tobacco costs the nation more than 30 million dollars
annually in treatment of tobacco-related cancers (25).
In 2011, it was reported by WHO that Tanzania had
implemented none of the five tobacco (m)POWER mea-
sures to the highest level of achievement (12). Concern-
ing control of the use of alcohol, Tanzania’s alcohol
policy includes excise taxes on alcohol, a minimum
drinking age of 18, a zero tolerance policy for drinking
and driving, regulations on alcohol advertising and
sponsorships, and restrictions for on- and off-premise
sales of alcoholic beverages (26).

The scope of the current Tanzania National Nutrition
Strategy states: the strategy seeks to ensure the nutritional
status of all citizens of Tanzania throughout their life cycle
(27). However, the strategy focuses more on women of
reproductive age and children under 5 years of age with
special emphasize on children less than 2 years of age
because malnutrition’s most serious and lasting damage
occurs during pregnancy and the first two years of life.
None of the targets set are related to NCDs or their
dietary risk factors.

There was no policy on physical exercise that was found
other than a reference to a policy on physical education in
schools (28).

Health systems and the response to NCDs in
Tanzania

In Tanzania, health services for NCDs are mostly pro-
vided from district hospitals to higher level health facil-
ities (29). In 2010, the public health system had only two
out of eight NCD-related screening and diagnostic tests

Platforms for response to NCDs in Tanzania

nationwide (cervical cancer screening and breast cancer
screening) at primary level facilities (21).

In regards to medications, by 2009, the problem of
stock-outs for all drugs including for NCDs was persis-
tent and was associated with poor health outcomes,
especially for those who could not access services in the
private facilities (30). In 2010, 15 out of 17 NCD-related
drugs were available in public health system (21).

The Human Resource for Health (HRH) deficit in
Tanzania stood at 65% in 2008 (7, 19). With the projected
increase of the NCD burden, the government is re-
thinking its HRH management strategies (7, 19). The
immediate strategy involves capacity building of HRH
for NCD care in the form of in-service trainings offered
by various disease-interest groups (29, 31) such as the
Tanzania Diabetes Association which has trained staff
from even lower level facilities in the Lake Region
(Zachariah Ngoma, personal communication, 26 March
2013). The introduction of NCD prevention and control
modules into courses in local training institutions (32)
is availing the training to a wider pre-service trainee
population, which may help to build the HRH pool of
different cadres for the future. The Association of Private
Health Facilities in Tanzania (APHFTA) has conducted
in-service trainings for diabetes and hypertension care
in 18 out of 27 regions of Tanzania (33). In the public
health system, comprehensive clinical guidelines have
been developed only for diabetes and hypertension (21)
but evidence for their distribution, training, and utiliza-
tion is limited.

Currently, both health facility and population-based
information systems reflect limited measurement of NCD-
related variables (34, 35). The standards of Health Man-
agement Information System (HMIS) in Tanzania are
slowly improving with efforts underway to minimize the
existing challenges in quality and utilization of health
information and to expand information sources such
as the cancer registry (36). For population-based NCD
information to inform policy and other interventions,
the MoHSW resorted to search for evidence on NCDs
and their risk factors through projects. The National
Institute for Medical Research conducted WHO STEP
wise approach to chronic disease risk factor surveillance
(WHO STEPs survey), to quantify the risk factors and
burden for NCDs (15) nationally. Variables for NCD
risk factors have been included in the Tanzania demo-
graphic health surveys (DHS) tool (34) and into the
MZIMA adult health community cohort (37). There is
lack of literature on utilization of even wider existing
platforms such as the sentinel Panel of Districts (SPD)
(38).

Underfunding of health services is a persistent chal-
lenge contributing to a myriad of other malfunctions in
the system (39). As a signatory of the Abuja declaration
2001 which required Governments to allocate at least 15%
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of its annual budget to health sector, Tanzania allocated
8.9% for the 2011-2012 fiscal year (40). Financing of
health care is through, among others, health insurance
mechanisms including community health funds that are
being rolled out, though uptake is reported to be low (41).
Integration of services is one way to deal with NCDs
proposed in the Health Sector Strategic Plan III and
provides a cost-efficient means of quality service delivery
(7). The government has collaborated with other stake-
holders in a private hospital in Dar es Salaam whereby
NCD services were introduced in the HIV clinic and
staff trained in management of co-morbidities. In 2011,
this initiative was evaluated and results showed that
15% of its 3,400 patients on antiretroviral therapies had
co-morbidities including hypertension, hyperlipidemia,
diabetes, and other metabolic disorders (42). Other NCD-
related programs that attest to advantages of private—
public partnership include the Ocean Road Cancer
Institute, and the APHFTA (33, 43).

Communities in preventive health and health
care seeking
In public health, community involvement is key to
achieving the goals of preventive and promotional health
programs (44). In Tanzania the importance of involving
communities in effective disease control interventions for
various infectious diseases has been well documented
(45). This practice was associated with increased access
and acceptance of palliative services (46), effectiveness
and efficiency of disease control interventions (47), as
well as equity, sustainability, and communities’ self-
reliance (48). Private facility initiatives such as those
under APHFTA through their NCD program, involved
primary schools and communities around health facilities
reached by their program in healthy lifestyle teachings
including healthy eating and physical activities (33). The
impact of these interventions however, is not yet known.
Factors contributing to development of NCDs include
social determinants which are highly linked to complex
sociocultural practices and beliefs, making it challenging
to effect lifestyle changes (49). For example, fatness
was associated with beauty and economic prosperity of
the household (50); and excessive alcohol intake was
fuelled by cheaply available local brew, and the need for
entertainment and relaxation on the part of users (51).
Literature suggests that where illness symptoms were
thought to have spiritual etiology, traditional healers
became the preferred source of treatment (52—54), because
they were perceived to have ‘appropriate skills’ for man-
aging diseases considered as out of order (55).
Socioeconomic determinants have been shown to influ-
ence the timeliness of peoples’ responses to the utilization
of emergency and in-patient services (56) and the initiation
and continuation of treatments for chronic illnesses (55),
all of which influence patient outcomes (57). Studies

revealed that services at health care facilities are only
sought when chronic illness symptoms persist or worsen,
after using over-the-counter medicines (58, 59). In addi-
tion, accessibility to health facilities has been shown to
facilitate prompt care seeking (60) and continuity of care
for chronic illnesses (61).

Several factors influence adherence to treatments to
infectious disease in Tanzania including; people’s percep-
tions of the illness and quality of medicines (62), fear of
side effects (63), patient—provider relationships, cultural
pressure, cost and availability of medicines (61), and
the patient’s understanding of the medication schedule
(64). Others include poor access of re-filling prescrip-
tions, inadequate nutrition especially for medicines per-
ceived to increase hunger (63), and long hours of absence
from home (65). Adherence to medications was reported
to also be influenced by gender (65).

Discussion

Our findings have shown that there is no existing NCD
policy in Tanzania. For clarity of vision and purpose and
coherence of interventions, a national policy is important
(66, 67). Reasons for lack of a policy include the lack of
evidence to inform such a policy (67). There are several
opportunities in available guidelines and strategies for
controlling exposure to the major NCD risk factors,
implementation of which is partly hampered by lack of
an NCD policy. Being multifaceted in their etiology,
NCD policies being designed must as well be multi-
sectorial. In Tanzania, there was no evidence of includ-
ing other sectors such as education and agriculture in
policy development for NCD prevention and control.
The country could learn from experiences shaping the
HIV response where multisectoral approaches have
been adopted in prevention and communication activities
(68). Regarding prevention of exposure to NCD risk
factors, the adoption and implementation of FCTC is
a positive step towards tobacco control. However, more
effort is needed towards fully implementing the conven-
tion through the mPOWER measures.

Although some aspects of alcohol policy are in
place, implementation of these, especially in rural areas
where local brew is mostly produced and consumed, will
be a challenge (68). Addressing diet-related NCDs in
the national nutrition strategy without setting targets
related to NCDs or their dietary risk factors indicates
that overnutrition is not yet prioritized. Whereas there
are still no policies focusing on physical activity, it has
been proposed that the policies will have to address activity
at work places, leisure activities, and means of transport
(69). Physical activity policies should also be sensitive to
sociocultural differences across Tanzania.

As policies are being developed to tackle the rising
NCD burden, the health system in Tanzania must gear up
for roles in primary, secondary, and tertiary prevention
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of NCDs. Concentration of the NCD services at higher
level health facilities leads to late diagnosis and delayed
access to appropriate treatments, especially in rural areas
(70). Accessibility of NCD services also entails avail-
ability of diagnostic and treatment services at the primary
level facilities. Lack of screening and diagnostic tests
at primary level facilities creates a challenge for NCD
care, especially the long-term patient monitoring and
management. Whereas the WHO observatory indicates
that NCD medication availability was impressive, it is
the consistent medical supply of affordable medicines
that contributes to favorable health outcomes. A recent
national survey in Tanzania showed that, only 9% of
rural and 20% of the urban health facilities provided
diabetes diagnosis and management services and only
half of these had the staff, drugs, diagnostics, and
guidelines to actually provide the service on the day of
the survey (17). Generally the health care system is not
prepared to tackle the rising burden of NCDs (17, 71).
The HRH crisis hinders quality preventive, diagnostic,
and treatment service provision for NCDs close to the
community and requires creative thinking on how to
more efficiently use the existing HRH. The pre-service
and in-service training efforts, though prudent, do not
completely address the shortage of competent cadres in
lower level facilities in the country. Creativity including
task shifting where lower cadres of HRH are prepared
for NCD prevention and management could ease this
crisis as has been done elsewhere (72). Availing tools
such as clinical guidelines has facilitated task shifting and
could be adopted in Tanzania’s primary care facilities
(72).

The rising burden of NCDs will increase the finan-
cial strain on the health system because of their chronic
nature; hence, new approaches to minimize costs of inter-
ventions must be embraced. Integration ensures that,
‘clients receive a continuum of preventive and curative
services, according to their needs over time and across
different levels of the health system’ (73).Various integra-
tion models are possible, but little has been documented on
pilot projects. The benefits of integration of services that
have been observed in the Tanzanian example have been
demonstrated in other settings where chronic diseases
clinics have been piloted (74). This idea of chronic disease
clinics could be replicated in primary care settings where
HIV prevention, care, and treatment services are offered.

Improvement of HMIS would positively influence
quality of care for NCD patients and overall health
system functioning (75). Systematic information concern-
ing public awareness and practices regarding NCD risky
behaviors as well as factors that shape risky lifestyle is
still limited. Existing population survey platforms such as
the demographic surveillance system and SPD could be
adapted to fit chronic disease surveillance by introducing
outcome measures that realistically measure morbidity
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burden of NCDs. Mortality outcomes may not capture
true burden of NCDs whose onset and course is insidious.

The financial strains caused by NCDs are also experi-
enced by patients and their families. Ensuring effective
implementation of the policy on health care fee waivers
which exempts patients with chronic diseases from user fee
charges will improve accessibility and equity in utilization
of NCD services. However, this has implications to the
government resources and may necessitate government’s
re-allocation of its financial resources to the health sector.

Considering that NCDs are insidious in their onset,
slow in their progression, and long-term, communities
have to be involved in their prevention and control (76).
Community involvement has been shown to be effective
in other chronic diseases prevention and control efforts
(77, 78). This involvement has also been recommended
in the Tanzania HSSP III as an objective in the NCD
control strategy (7). Since community responses, includ-
ing lifestyle changes, are shaped by sociocultural aspects
and health system factors, effective mitigation of NCDs
will therefore have to integrate community-based and
individually targeted interventions (79) that are sensitive
to variations in gender and cultural norms, for them to be
acceptable (80).

Knowing that health services are commonly sought
when illnesses persist or worsen after failure of self-
medication, interventions to promote prompt health care
seeking must be designed. Self-medication may present
a challenge when it comes to NCDs, most of which are
initially asymptomatic and symptoms indicate worsen-
ing of disease intensity. Information is lacking on NCD
self-treatment patterns and their motivations, which may
hinder the possibility of addressing any undesirable
patterns in the community.

As NCD medication use is long-term, it is important
to understand how sociocultural aspects shape people’s
sustained compliance to medicines. Compliance to long-
term medication has been studied for infectious chronic
diseases (81, 82); however, community perceptions to-
wards infectious disease and NCDs may not be the same.
Therefore application of the findings from these studies
to NCDs medication may not be valid. Exploration
of the aspects that might shape sustained compliance to
long-term NCDs medication would inform designing of
strategies that foster compliance to long-term treatments.

The knowledge gaps for both research and policy
agendas regarding responses to the rising NCDs burden
in Tanzania include inadequate information on the
epidemiological patterns of NCDs and their determinants
across Tanzania and the limited awareness of the local
context to inform the design of an integrative and multi-
sectorial policy. Apart from better understanding the epi-
demiological pattern of NCDs, it will be important to
project the implications of the current dual burden on
population life expectancy, taking into account not just the
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health systems and policy environment, but also the wider
demographic and development indicators. There is limited
evidence on effective interventions for NCD services in
primary care levels and information on community percep-
tions on NCDs and their care seeking is virtually absent.

Limitations and strength of the review

This review included mainly published documents and
thus omitted insights from non-published developments.
Through the inclusion of only English language docu-
ments we might have missed relevant results published in
Kiswahili. However, a Kiswahili language research jour-
nal does not exist in Tanzania and English is one of the
country’s official languages. We therefore think that this
has not resulted in non-inclusion of formal government-
produced documents nor of research publications. The
search terms did not include ‘chronic disease’ because
not all chronic diseases are NCDs. We thus may have
missed articles that used only ‘chronic disease’ as a term
to describe NCDs. Nevertheless, the holistic nature of
the information reviewed provides a broader view of
the NCDs situation and the responses in Tanzania. The
narrative review approach was chosen rather than a
systematic review because it is well suited to present a
broad perspective on a newly emerging problem (83, 84).

Conclusions and recommendations

NCDs and their risk factors are largely lifestyle related,
making multisectorial responses unavoidable. These con-
ditions are posing a critical challenge to the government,
health system, and communities that have to face both
communicable and NCDs. There is limited context-
relevant information on the burden and determinants of
NCDs which may hamper the design of effective interven-
tions, especially for prevention. The existing research
platforms such as the health and demographic surveillance
system (HDSS), DHS, and SPD can be leveraged to
address these NCD knowledge gaps.

Current efforts to address NCDs in Tanzania are
fragmented due to lack of a NCD policy. The success of
NCD prevention and control requires such a clearly
defined NCD policy to provide a roadmap for implemen-
tation of multisectoral strategies and plans. For effective
interventions targeting NCDs risk factors at local level,
empowerment of local government authorities tasked
with implementation of existing policies in the country is
needed.

The country’s health system is not adequately prepared
to accommodate the requirements of NCDs. There is an
urgent need to design and evaluate low-tech, low-cost
interventions for prevention, diagnosis, treatment, and
continuity of care that can be scaled up at primary care
levels. This may necessitate the adoption of an integrated
health care model to address both NCDs and other
chronic communicable diseases as a strategy to address the

HRH and financing challenges. Also, supporting infor-
med decision making for NCDs at clinical and policy levels
requires accurate clinical record keeping and diseases
registry maintenance for NCDs and their risk factors.

Information on community awareness and practices
in prevention and health care seeking regarding NCDs
is limited. The role of the community in NCD develop-
ment, prevention, and management must be explored
by understanding the motivations for health-seeking, self-
medication practices, and aspects shaping continuity of
care in their particular contexts.

Main findings

e There is limited context-relevant information on
the epidemiological patterns of non-communicable
diseases (NCDs) and their determinants across
Tanzania; this may hamper the design of effective
interventions, especially prevention.

e Current efforts to address NCDs in Tanzania are
fragmented due to a lack of a NCD policy.

e The county’s health system is not adequately
prepared to accommodate the requirements of
NCDs and the information on community
awareness, practices in prevention and health
care seeking regarding NCDs is limited.

Key messages for action

e The existing research platforms such as the
health and demographic surveillance system
(HDSS), demographic health surveys (DHS)
and the sentinel panel of districts (SPD) should
be leveraged to address the knowledge gaps in
epidemiological patterns, in best practices in
health care and in community roles in prevention
and management of NCDs in Tanzania.

e Considering the multifaceted nature of NCD
risk factors and causation, there is a need to
formulate a clear, multi-dimensional policy on
NCDs prevention and management.

e There is an urgent need to design and evaluate
low-tech, low-cost interventions for prevention,
diagnosis, treatment and continuity of care that
can be scaled up at primary care levels. This may
include the adoption of an integrated health
care model to address both NCDs and other
chronic communicable diseases as a strategy to
address the HRH and financing challenges.
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where health information is lacking. This would involve continuous monitoring of cause-specific mortality
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here is increasing evidence that, in many sub-

I Saharan African populations, death rates from
major communicable diseases are declining, espe-

cially in childhood. As a result, countries are likely to
advance through a process of epidemiological transition
toward a greater burden of non-communicable diseases
(NCDs), while still bearing a heavy communicable disease
burden (1-5). It is much less evident that sub-Saharan
African health systems or their health information sub-
systems have adequate processes in place to adapt their
systems and policies accordingly (6). Epidemiological

transitions involve changes in patterns of births and
deaths, and particularly in causes of death, and are
inevitably accompanied by health transitions, in terms of
the risks and diseases experienced, and changing patterns
of health care needs. Measured trends in all-cause
mortality suggest that patterns of morbidity and mortal-
ity are shifting, both in terms of cause and age distribu-
tion, with ensuing changes in therapeutic needs and
demands (the most obvious example in sub-Saharan
Africa [SSA] being anti-retroviral therapy against HIV/
AIDS). Changing disease patterns are tending to increase
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prevalence compared with incidence for some key dis-
eases (7, 8). Changing patterns of risk factors — whether
in terms of vector exposure risks for infectious diseases
or factors such as tobacco and alcohol consumption for
NCDs — constitute a further critical component (9, 10).
Long neglected health issues such as mental health are
now increasingly seen as needing a health systems res-
ponse (11). In low-income countries under-five mortality
is decreasing at an impressive rate, albeit slower in SSA
(12). These changes are occurring against a background
of extremely scanty and often dubious data about what is
actually happening (13). There is now, more than ever, a
need to proactively update strategies for essential health
data in SSA in order to increase the visibility of the
continent’s current and future population health trends
and priorities.

It is unrealistic to expect that all SSA countries will
achieve adequately high performance of national health
information systems to global standards of timeliness,
completeness, quality, and data use over the next 10-20
years. Thus, a transitional prioritised approach to im-
proving the availability of critical health information in
the short-term needs to be considered that is relevant to
the essential policy actions that SSA countries must take
now as the epidemiological transition unfolds. Currently,
estimates of Africa’s population health parameters tend
to be made at the global level (14, 15), using such data as
may be available as inputs to increasingly sophisticated
models. The consequence of this is that national estimates
for SSA countries tend to be a by-product of global esti-
mates rather than contributing to them. This is com-
pletely counter to the principle of helping countries to
strengthen their health systems through better health
intelligence resulting from better information systems.

Evidence for health priorities in Africa

Ideally, we need to move toward a model where a within-
country data cycle becomes the normative source of in-
formation used locally and then fed into global estimates
(Fig. 1), rather than vice versa. A typology of within-
country data sources that might contribute to this is
shown in Table 1.

The concept of health transition necessarily implies
that not only health status but also rates of change need
to be monitored and hence within-country data cycles
need to be established on an on-going basis. This is a pre-
requisite for ensuring a continuous supply of timely
health information, rather than relying on a series of
random, cross-sectional snapshots.

In this paper, we set out the principles of a minimum
essential dataset that we believe all African countries
should and could establish in order to guide health systems
and policies through this epidemiological and health
transition that is looming, and for which most sub-
Saharan African countries are wholly unprepared. This
paper is not intended to be an implementation guide but
could inform the design of in-country data systems.

We propose that the essential components of such a
minimum dataset are as follows:

1. continuous, reliable, unbiased documentation of age-
and sex-specific mortality, including the major causes
of deaths in the population (through routine civil
registration with vital statistics, supplemented with
sentinel or sample mortality surveillance systems
with verbal autopsy [VA], where necessary);

2. biennial documentation of exposure to the top 10
major risk factors for the leading causes of mor-
tality by age and sex (through population-based
national household surveys); and

Fig. 1. The concept of an in-country data cycle, also able to feed into global data.

Citation: Glob Health Action 2014, 7: 23359 - http://dx.doi.org/10.3402/gha.v7.23359 159


http://www.globalhealthaction.net/index.php/gha/article/view/23359
http://dx.doi.org/10.3402/gha.v7.23359

Peter Byass et al.

Tuble 1. Typology of selected population and health facility level data sources potentially contributing to the specific national
health information needs as described in this paper

Level Model Sample Approach Examples
National National census All Complete cross-section Most countries
Civil registration with All Complete longitudinal Industrialized countries

Regional/Provincial

vital statistics

Sample registration or
sentinel districts
Cluster surveys

Fixed panel surveys
Health facility surveys

Complete population
Cluster surveys

1-2% of population

Cluster sample size
Cohort sample size
All or sample of
facilities

All

Cluster sample size

District/local area

Defined area
population

Individual surveillance

One-off or annual

surveys

Health facility surveys
facilities

Specific research

Survey sample size

All or sample of

Context dependent

Longitudinal sample China, India, Tanzania
Repeatable cross-section
Longitudinal cohort
Self-selected group

DHS surveys, WHO-SAGE
Millennium Cohort Study
Service availability and
quality

Complete longitudinal Universal registration
Cross-section

Complete in defined area

Intervention coverage
INDEPTH centres
Cross-sectional Ad-hoc enquiries and
district situation analyses
Service availability, quality
and use (for coverage
numerators)

Academic studies

Self-selected group

Specific issues of interest

3.

annual documentation of the district-level coverage
of key preventive and curative health interventions
for these major causes and risk factors for district
planning purposes supplemented through a mix of
periodic health facility assessments and surveys to
determine full effective coverage of interventions for
national policy purposes.

Some critically important strategic questions which

need

L.

to be addressed in this context are:

how can these data sources be cost-effectively in-
tegrated within national health information systems
to reliably describe the epidemiological transition
dynamics for national populations?

. what are the methodological implications for up-

grading national health information systems to
reliably measure epidemiological transition?

. which ethical and political issues might drive long-

term improvements in national health information
in this direction?

We discuss each of these issues below.

1.

160

Documentation of age- and sex-specific mortality,
including the major causes of deaths.

Complete and timely registration of all births and
deaths at national level, including medical certifica-
tion of cause of death, and collection of other key
information about each birth and death, such as age
of mother or age at death - for an entire population -

is the optimal solution for monitoring epidemiolo-
gical transition, as pioneered in Scandinavian coun-
tries and progressively implemented in other nations
along with socioeconomic development (16). A
circular issue arises, however, in that epidemiologi-
cal transition normally accompanies other processes
of population development, including the improve-
ment of health information systems, and it is im-
portant not to misinterpret apparent longitudinal
changes in population health that may actually
reflect developments in its monitoring. It is equally
clear that near-complete individual registration of
births and deaths is not going to be widely imple-
mented in SSA countries in the near future, for logis-
tic and economic reasons, although this must be the
primary goal, as elsewhere, of national health infor-
mation development strategies (17). Therefore, it is
important to consider what the ‘best-buy’ strategies
for health data in SSA might be for the immediate
decades, particularly emphasizing the need to re-
liably measure changes in health patterns over time.
Representativeness of sub-national data is a crucial
but difficult concept in this context. For reasons
that are not always obvious, the frequent default
assumption is that sub-national data are unrepre-
sentative. This partly arises because it is very hard
to demonstrate that any restricted set of data
accurately represents a wider but unknown context.
However, empirical evidence suggests that data may
often actually be more generalizable than is thought
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to be the case. For example, in 1925, when Sweden
was in many ways similar to a modern-day low- or
middle-income country (LMIC), around 80% of
counties had health indices closely comparable to
national levels, meaning that most single counties
chosen at random could each have adequately repre-
sented this relatively small country (18). This is an
important consideration in the medium-term, when
universal registration is not likely to be implemented
in SSA countries. National estimates of propor-
tional mortality show major similarities among
neighbouring countries. In Tanzania, district burden
of disease data have been used to inform district
health priorities and resource allocation for other
districts in nearby administrative regions (19).

The overall choice of data sources therefore needs
to combine a variety of sources, each with different
strengths, which are complementary, and also each
differently viable in a particular national context,
but particularly considering the need to capture
change over time. Factors such as the size and diver-
sity of a country, the nature and coverage of its
health system, local costs of relevant items such as
wages, travel, communications, etc., and local his-
tory of more and less successful data collection
strategies will also be important (20).

A relevant resource in terms of practical steps
toward tracking epidemiological transition has been
provided by AusAID’s Health Information Systems
Knowledge Hub (http://www.uq.edu.au/hishub/) at
the University of Queensland (17). Although this
was designed primarily for Asian and Pacific coun-
tries, the principles translate well to SSA.

Data sources for the first dataset on causes of death
are several. Ideally, physician-certified causes of
death incorporated into a civil registration system
is the standard source of vital statistics to which all
countries should aspire to develop and maintain.
However, attaining adequate coverage of all deaths
at national level (at least 90%) with sufficient quality
of cause of death coding has proved elusive for
low- and many middle-income countries and could
potentially require decades to achieve, without
concerted effort and resources. In the meantime,
as civil registration and vital statistics (CRVS)
systems slowly develop, the WHO and the former
Health Metrics Network have recommended interim
data sources (21). These are sentinel (urban & rural)
demographic surveillance sites as a minimum, or
where possible, more statistically representative
sample registration sites, both with VA on all deaths
in the sentinel or sample populations (17). These
can be designed, funded, and implemented within
1-2 years and will produce useful longitudinal data
thereafter on trends and dynamics in mortality by

Citation: Glob Health Action 2014, 7: 23359 - http://dx.doi.org/10.3402/gha.v7.23359

Evidence for health priorities in Africa

cause. Moreover, they will strengthen capacity both
to produce and use cause of death data at country
and sub-national levels. There is now extensive
experience in implementing such sentinel mortality
surveillance systems - Health and Demographic
Surveillance Sites (HDSS) with VA - and growing
experience in implementing sample registration with
VA (SAVVY) (17, 22). VA methods for low- and
middle-income countries are becoming increasingly
standardized, adapted and simplified through ma-
chine coding of causes of death (23, 24).

. Documentation of exposure to the top 10 major risk

factors of mortality.

Data sources for the second essential dataset on risk
factor exposure can use standard adapted survey
instruments for each risk factor (smoking, nutrition,
high blood pressure, obesity, HIV sero-status, solid
fuel smoke exposure, etc.) (25). However, these are
rarely assembled into an omnibus national sample
survey along the lines of the WHO STEPS (26). The
Health Metrics Network and the Household Survey
Network have been promoting greater integration
and more strategic scheduling of national household
surveys. Where this is done, the strategies should
be reviewed to ensure that minimum indicators to
inform epidemiological and health transition are
included.

. Documentation of the effective coverage of key

preventive and curative health interventions for these
causes and risk factors.

Data sources for the third dataset on effective cover-
age of key health interventions targeting the top
causes of death and risk factors are the least de-
veloped. Indicators of health service and interven-
tion coverage and quality have the most sub-
national (District) heterogeneity and can differ
widely between neighbouring districts (27-29). Dis-
trict Health Information Systems have a long
tradition of counting cases served (numerators).
But there is a dearth of simple methodology that
District Health Managers can apply to understand
the actual annual reach and coverage of their own
services, mainly due to missing denominators for
many conditions. There is much room and need to
innovate here by combining epidemiological and
demographic information to provide districts with
annual estimates of denominators (that is, likely
cases of a particular disease to treat, size of target
population for preventive services such as immuni-
sation, etc.) to allow them to report and manage
local coverage. In the meantime, coverage is usually
only available from periodic cross-sectional national
household or health facility surveys. This is one of
the largest health information system weaknesses
today (30). It is impossible strategically to manage
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district health systems without knowing effective
coverage of key services (31). The key importance of
this data source is it allows national health policy
stakeholders to determine the alignment of their
services and policies with population health needs.

How can different sources of data be effectively
integrated to yield a national picture of health
transition?

Making connections between different data sources is
always a major problem, particularly in countries where
there is no universal unique personal identifier system.
In countries with unique personal identification, it is
possible in principle (subject to suitable ethical and con-
fidentiality safeguards) to cross-link data of different
types that relate to the same individuals (e.g. population-
based data and health facility data) (32). However, that is
not normally the case for SSA populations, and conse-
quently there are very real difficulties in relating different
data sources. SSA health facilities also tend to operate in
very flexible catchment areas, with people often opting to
consult out-of-area facilities because of perceived differ-
ences in issues such as quality of care and stigma, making
links between population and facility data difficult.
Consequently, connections between different data sources
are very unlikely to be possible at the individual level, and
even on a geographical basis (e.g. within districts) may be
problematic.

The temporal component of any data intended to be
used for understanding transition further complicates
the issue. The example of the widely implemented Demo-

250

%o
200 DHS 1990

150

graphic and Health Survey (DHS) (33) and other
national cluster sample surveys such as MICS (34), which
typically draw a fresh cluster sample (up to around 10,000
households) at each 5-year interval, is important here.
Although these surveys are designed to yield both time-
of-survey cross-sectional data and retrospective data
on factors such as mortality, the interpretation in terms
of transition is complex because of the 5-year survey
intervals. Repeated DHS surveys in a particular country
permit pseudo-longitudinal approaches to analysis, but
it has to be remembered that there is no intention in
the DHS design to re-interview any individual or family
longitudinally, meaning that issues of recall bias and
inter-sample variation in these repeated cross-sections
have to be considered carefully. Figure 2 shows under-five
cumulative mortality for Nigeria, as estimated by four
separate DHS survey rounds (35-38), which together
make the interpretation of changes in this important
index of epidemiological transition very difficult. Within
the results from each survey, one might expect that
increasing recall bias associated with deaths at longer
periods before interviews (increasing recall effects at the
left end of each survey line) could compete with tem-
poral trends in decreasing mortality; from these four
surveys it is difficult to interpret inter- or intra-survey
trends over the 30-year period covered, even given the
carefully controlled DHS methodologies used.

HDSS data from the INDEPTH Network (39) are an
important source of detailed, longitudinal population
data that are otherwise largely unavailable in SSA coun-
tries. INDEPTH centres typically cover geographically
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Fig. 2. Under-5 child mortality (sqo) for Nigeria over three decades, as measured in four Demographic and Health Surveys

(DHS).
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circumscribed populations (commonly between 50,000
and 150,000 people) longitudinally with regular house-
hold visits to record vital events and other data. It has
been argued that these local, detailed data may constitute
a more appropriate way of monitoring changes over time,
such as is needed to monitor progress toward MDGs
(40), although counter-arguments that such data may be
unrepresentative are frequently made (4).

One possible way to use different sources of country
data is to attempt cross-triangulations that compare out-
comes across sources, although this can be difficult to
accomplish in practice if comparable indices are not
covered in different sources. One study from Mozambi-
que compared census, HDSS and DHS data (41), sug-
gesting that it should be possible to use all three sources
synergistically in a national system. Several studies in
SSA countries have made direct comparisons between
national DHS surveys and HDSS data from specific areas
within countries, though within-district numbers in DHS
data are insufficient for local comparisons (42-44).

Household health survey programmes such as the DHS
can add considerable value to national health informa-
tion systems by providing timely and disaggregated data
on mortality levels and trends. Recent advances in
methodology to analyse survey responses to measure
mortality levels and trends (45, 46) have greatly increased
the utility of these methods by controlling for biases,
particularly recall error and timeliness of measurements
close to the date of the survey. Previously, the most recent
estimates could only be made at least 2—3 years preceding
the survey. Similarly, improvements to methods for
measuring sibling survival have greatly increased the
utility of survey-based responses for measuring levels
and trends in adult survival.

What would be the methodological implications
for measuring epidemiological and health
transitions in Africa in support of policy
direction?

As health transitions eventually progress and possibly
accelerate in SSA countries, it will become increasingly
urgent to resolve the major challenges facing a reorienta-
tion of African health policies and systems from acute
curative services to long-term chronic care. The fragile
health systems in SSA, in many instances, have weak
dynamic efficiency in terms of being able to respond to
new developments (47). These challenges are mirrored for
health information systems, which need to move beyond
mainly documenting (in practice counting) acute episodes
of illness, expanding in scope to include long-term
chronic illnesses and repeated patient encounters and
continuity of care. Clearly this is a more fundamental
challenge than simply considering different diseases, since
it implies a greatly increased need for reliable longitudinal

Evidence for health priorities in Africa

follow-up, and in turn this indicates a more important
role for longitudinal rather than cross-sectional data.

Accepting the premise that longitudinal data is an
important component of information systems capable of
tracking epidemiological transition, the additional re-
sources required to implement such systems in most SSA
countries would be considerable. Age and cause-specific
death registration, at least within some defined popula-
tion samples, is a pre-requisite for assessing epidemiolo-
gical transition, and, in the absence of routine medically
certified cause-specific death registration, this implies
that introducing VA methods in a systematic manner is
essential (24). Sampling considerations for population
cause-of-death data are not trivial. As well as the con-
ventional considerations of covering age and sex groups,
assumptions need to be made about the smallest detect-
able cause-specific mortality fraction (CSMF). Since the
size of ranked CSMFs in most populations follows an
approximately exponential distribution, in effect this
means deciding how far down the ranking it is worth-
while to go, and then sampling to make that nth rank
measurable (48). Proof-of-principle for implementing VA
methods, including probabilistic modeling of cause of
death, with mobile technology (49) indicates that this is
an approach ready to move out of research contexts and
into routine usage for monitoring cause-specific mortal-
ity. Automated VA methods not involving physicians
should be actively promoted as a major strategic com-
ponent of any health information system for routinely
tracking epidemiological transition in SSA since the
performance of these methods has been found to be
generally superior to physician interpretation of VA data,
and are rapid, cheap, and consistent over time and place
(50-52). One of the principal limitations to the wide-
spread use of VA for measuring population cause of
death patterns has been the non-standardized manner in
which physicians interpret VA data, and their tardiness in
doing so (53).

Less challenging are the national risk factor surveys
from national household surveys. SSA countries routinely
host repeated and uncoordinated, internationally funded,
national household sample surveys such as the living
standards surveys, household budget surveys, DHS and
MICS surveys, malaria and HIV indicator surveys, and
so on. The Health Metrics Network and the International
Household Survey Network have encouraged greater
integration, harmonization and synergistic scheduling of
these surveys. Still there needs to be consensus metho-
dology on the risk factor indicators and their methods of
measurement to take advantage of these opportunities.

Where more innovation is needed is measuring both
coverage (access) and full effective coverage (outcome)
of essential health interventions aimed at the key causes
of disease and injury burdens, including risk factors.
There is a lack of practical methodology to do so, with
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the exception of a few interventions such as immunisa-
tion. For routine coverage estimates for district level
planning, current Health Management Information Sys-
tems at local level do a good job of assessing numerators
of the demand, but do not know the respective denomi-
nators for each service in the population at risk and in
need of that service. Without this critical information,
districts cannot estimate their local coverage, and there-
fore cannot plan and allocate local resources rationally.
However without much effort, national programmes
could provide expected prevalence or incidence figures
from epidemiological surveys and other sources that
could be coupled with district demographic data extra-
polated from census data to provide the annual service
related denominators. This type of epidemiological data
sharing between national programmes and district im-
plementers is feasible but practically never done. This is
an easy step to determine a crude measure of service
coverage (essentially access of those in need), which will
already be a useful advance for district planning. Even
this crude coverage can be useful for district planning
because the rates monitored will often be well below what
is expected. But this still stops short of determining
effective coverage, which will be even lower than crude
coverage. Innovation is needed for methodologies to
determine the actual effective coverage of these essential
interventions, which goes far beyond just access, to
determining the quality and actual health outcomes of
the interventions. Effective coverage is a measure of
systems effectiveness and needs to be known periodically
for policy purposes at national level across a sample of
the health system. This will provide a barometer of the
performance of the intervention in the real world health
system concerned. Determining effective coverage re-
quires a combination of survey and research effort across
many disciplines in implementation science. Research and
development is needed on these approaches and is
already underway (54-56).

Are there particular ethical and political
considerations for measuring epidemiological
and health transitions in Africa?

In countries with highly functional individual registra-
tion as the basis for all national information, including
health, there generally exists a widespread (though per-
haps not explicit) public confidence that the data system
will operate in a confidential and ethical manner, and
be under effective governmental regulation. However, it
cannot be assumed that this is a readily transferable
concept to other settings such as SSA countries. This may
be a major barrier to expanding health information
systems in SSA in acceptable ways.

While all individual health data should be handled
within a robust framework of confidentiality, some data
are understandably regarded as more sensitive than

others. In SSA, the needs which have emerged for handl-
ing large numbers of HIV-related personal records and
test results have to some extent brought requirements for
patient confidentiality into focus, in contrast to the past
when local health centres tended to be very casual about
such matters. This demonstrates that paradigm shifts in
practice are possible.

There are also important ethical and political con-
siderations surrounding the use of outputs from an effec-
tive health information system. In one extreme example, a
maternity facility in Burkina Faso was burnt down by
protesters angry about the alleged neglect of a woman
who died in labour, illustrating that information about
health outcomes is by no means a neutral commodity
(57), and carries implications for accountability.

National governance issues also impinge on the org-
anization of health services and hence health information
systems. In larger countries, operating on a federal or
quasi-federal basis with considerable regional autonomy,
it may be more appropriate to focus efforts on running
good information systems at the regional level. Individual
regions in larger countries may be larger than small
countries. If health information systems operate well at
regional level, then aggregating to national level should
be simple. Nigeria and Ethiopia, the two most populous
countries in SSA, would be key examples of countries
where regional approaches would be valuable.

Moving forward to improve understanding of
epidemiological transition in SSA

The current scenario where the health information map
of Africa is largely characterized by empty spaces is
manifestly unacceptable in today’s information age and
given the critical need for essential information support
to health policy development in Africa. This deplorable
situation requires urgent action. Every SSA country
needs encouragement and technical resources to improve
health information systems to the point where at least
reliable in-country national estimates of key parameters
become available. Because health in SSA countries is
increasingly dominated by longer-term diseases and
conditions, good national estimates must have a long-
itudinal basis and thus be able to reflect change reliably.
Sub-national data are also critically important for proper
national planning, especially in larger countries, wherein
wider variations in health and population exposure to
risk factors might be expected. Timeliness of data,
particularly on leading causes of death and how they
are changing is also critically important if the data are to
be useful to inform policy.

For locations where, in the medium-term, universal
individual registration of births and deaths and medical
certification of cause of death is not feasible, it is stra-
tegically important to integrate established population
surveillance sites into national data systems, replicating
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such sites where appropriate. This implies moving from
an isolated field site model of surveillance toward sentinel
site networks, such as have been implemented successfully
in India and China (58, 59). A balance needs to be struck
among emphases on measuring mortality, morbidity and
risk-factor outcomes.

A strategic focus is needed such that resources and
effort are not dispersed or duplicated over all elements of
a health information system, but targeted on the critically
important elements of health system management. As
argued in this paper, these are: 1) mortality (by age,
sex and cause), but not morbidity; 2) periodic data on
population-level exposures to major (selected) risk fac-
tors, particularly those important for NCDs and injuries;
and 3) some measure of the health system response to
these health threats, especially the effective coverage (as
opposed to measured or estimated coverage) of essential
health interventions against the major causes of disease
burden.

Clearly these are not strategies that can be implemen-
ted without effort or cost. Human resources, particularly
in relation to some of the technical issues of data
management and quality control, are very scarce in
some SSA countries, especially in the government sector.
Therefore, careful national implementation plans need to
be worked out that are contextually appropriate. There
will undoubtedly be implementational challenges; how-
ever, the question must be asked whether SSA, and
indeed the world, can continue to drift without effective
and actionable information on the health of 856 million
of the 6,895 million (12%) of the world’s population (60).
Since this proportion is projected to rise to 1,960 of 9,306
million (21%) by 2050, any delay in tackling the problem
will only increase the magnitude of the difficulties.

Conclusions

A more pro-active and strategic approach to health
information development in SSA is urgently required by
the international community. Local policy is likely to be
more effective when based on local evidence. This implies
a shift away from relying on global comparative exercises
that generate sets of national estimates toward facilitating
the development of disaggregated within-country health
information systems that are targeted toward monitoring
both the leading causes of ill-health in populations, and
the response of the health system to controlling them.
Lessons must be learnt from effective systems that have
been implemented in other regions, but adapted to the
African context so that effective data linkages can be
made across various levels of health systems and
corresponding populations. SSA countries have a chance
to take full advantage of the ICT revolution and leap
ahead in the design of efficient and interoperable data
collection, integration and dissemination technologies in
e-Health and m-Health (61). A culture of using health
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information critically and openly for steering new health
policies and system strengthening needs to be encouraged
and fostered, and this demands the availability of timely
and reliable health statistics.

Health status in some low-income SSA countries is
changing more rapidly now than at any prior time in
history. To track and steer these population health dyna-
mics and understand what such transitions mean for
health systems and policies requires radical change and
strengthening of national health information systems to
provide essential information. What we propose in this
paper is concerted investment on three fronts:

1. interim, strategic investments in sentinel or sample
registration systems that provide timely, quality,
longitudinal data on deaths and causes of deaths
while developing effective civil registration systems
for vital statistics;

2. periodic national cross-sectional omnibus sample
surveys of the top 10 major risk factors for the
leading causes of death; and

3. development of new approaches to estimating dis-
trict level intervention coverage (access) for annual
district planning purposes, and for periodically
estimating full effective coverage for national policy
purposes through better combinations of routine
health service statistics, demographic and epidemio-
logical data for the essential health interventions
relevant to these causes.

Countries in SSA and their international funding part-
ners and the global health research community need to
prioritize these dimensions in their approach to national
strategies for health information systems strengthening.
However, information without an appropriate health
policy and health system response is not enough. The
strengthening of the health information system in this
direction needs to be coupled with health system strength-
ening in order to respond effectively to the dynamics
imposed by the health transition (6, 62—65).

The main impediment to implementing these three
re-directions of the Health Information System is pre-
sently methodological. We need innovations in monitor-
ing burden of cause-specific mortality; in monitoring its
attendant risk factors; and in monitoring and verifying
the actual coverage of required health system responses.
These innovations should focus on improving: sentinel
and full CRVS approaches; national household risk
factor survey methodologies; and practical coverage
assessment methods that can be implemented at, and
by the district level.

There is growing momentum toward Universal Health
Coverage in the Post-2015 Sustainable Development
Goals. These goals will take greater cognizance of demo-
graphic change and the social determinants of health (66).
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The data collection platforms and priorities proposed
in this paper will be essential for understanding uni-
versal coverage and how it can be attained. The time

is right to consider a proactively deliberate updating
strategies for essential health data in SSA in order
more reliably understand the continent’s current needs
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Main findings

e Although epidemiological transition is generally
considered to be underway in sub-Saharan Africa,
health information systems in most places are
insufficient for adequately tracking develop-
ments in population health, leading to major
gaps in the knowledge needed to plan effective
health services.

Many countries in sub-Saharan Africa get key
national health indicators from global estima-
tion processes, rather than gathering adequate
national data to understand their own situation
and feed into the construction of global esti-
mates; this is insufficient for health planning.
Very few sub-Saharan African countries curren-
tly have or are close to having effective systems
for national universal civil registration and vital
statistics (CRVS; registering all citizens, includ-
ing births, deaths and cause of death, and using
those data effectively in national statistics).

Key messages for action

e Most sub-Saharan countries are unlikely to imple-
ment complete death registration with physician-
certified cause any time soon. Although this
should be the long-term aim, interim solutions
must use standardised verbal autopsy procedures
with automated cause of death assignment.

A consensus is needed on a minimum essential
dataset to underpin effective national health in-
formation systems in sub-Saharan Africa. Key
components would include complete civil regis-
tration including verbal autopsy, population-
based documentation of major risk factors,
and documentation of health service coverage
for key preventive and curative measures.

A key priority across sub-Saharan Africa is the
investment in national-level systems that can
gather and handle health information effecti-
vely, including procedures, equipment and human
resources. Countries and their international
partners need to understand health status on a
population-wide basis.
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