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ORIGINAL ARTICLE

Background: Evidence on rural–urban differences in adult mortality 
in low- and middle-income countries (LMICs) is limited and mixed. 
We examined the size of and factors contributing to rural–urban life 
expectancy differences among adults in Indonesia, the third most 
populous LMIC.
Methods: Data come from the 2000, 2007, and 2014/2015 waves 
of the Indonesian Family Life Survey, a population-representative 
longitudinal study with mortality follow-up. We used Poisson re-
gression and life tables to estimate rural–urban differences in life 
expectancy among 18,867 adult respondents ≥30 years. We then used 
a novel g-formula–based decomposition to quantify the contribution 
of rural–urban differences in blood pressure (BP), body mass index 
(BMI), and smoking to life expectancy differences.
Results: Compared with urban adults, life expectancy at age 30 was 
2.2 (95% confidence interval [CI] = 0.4, 3.9) years higher for rural 
men and 1.2 (95% CI = −0.4, 2.7) years higher for rural women. Set-
ting the BMI and systolic BP distribution equal in urban and rural 
adults reduced the urban mortality penalty by 22% for men and 78% 
for women, with the majority of this reduction coming from the con-
tribution of rural–urban differences in BMI. Smoking did not con-
tribute to the urban mortality penalty for either men or women.
Conclusions: Adult life expectancy is lower in urban than in rural 
areas in Indonesia and we estimate that this difference is partly re-
lated to differences in BMI and systolic BP.

Keywords: Blood pressure; Cardiometabolic diseases; Indonesia; 
Life expectancy; Mortality; Urban health
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Urban areas are growing at unprecedented rates in low- and 
middle-income countries (LMICs).1 For some aspects 

of health and well-being, urban areas provide substantial 
improvements over rural areas. Individuals in urban areas 
tend to have better economic opportunities, availability and 
access to health care, and standards of living.2–6 However, 
urban environments also confer greater health risks including 
lower levels of physical activity, greater access to unhealthy 
calorie-dense foods, and increased exposure to pollution, 
road traffic accidents, and population density-driven infec-
tious diseases.7–15 Given that cities are nexuses of both greater 
opportunity and heightened vulnerability, it remains unclear 
whether urban residents in LMICs experience higher or lower 
mortality than their rural counterparts. Although studies find a 
consistent infant and child mortality advantage in urban com-
pared with rural areas,16–19 the evidence on adult mortality re-
mains mixed20–27 and is limited due to the scarcity of reliable 
mortality data in many LMICs.

Indonesia is the third most populous LMIC and cur-
rently undergoing rapid structural transformation from a 
predominantly rural, agricultural economy to an urban, ser-
vices-based economy. Indonesia has been urbanizing more 
quickly than most other Asian countries, and by 2025, approx-
imately 68% of Indonesia’s population is expected to live in 
urban areas.28 Rural-to-urban migration is responsible for ap-
proximately one-third of the rising share of urban residents in 
Indonesia, with the remainder coming from natural population 
growth and the reclassification of rural into urban areas.29 In-
donesia is also aging substantially and is now at an advanced 
stage of the epidemiologic transition: the share of the popu-
lation ages 50 and older is expected to reach nearly 25% in 
2050, and cardiovascular diseases (CVDs) are now estimated 
to be the leading causes of death.30,31 The importance of CVDs 
in Indonesia is reflected in its risk factor profile. Indonesia is 
estimated to have the highest male smoking prevalence in the 
world (76.2% among men age 15+)32; nearly half of adults 
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over the age of 40 are hypertensive33; and levels of unhealthy 
weight have rapidly increased to the point where a quarter of 
adults are now overweight.34

Given rapid urbanization, population aging, and a ris-
ing burden of CVD mortality, understanding whether urban 
Indonesian adults have higher or lower mortality compared 
with their rural counterparts is an important question. Unfor-
tunately, little is known about the size of and contributors to 
rural–urban mortality differentials like in many LMICs, the 
vital statistics system in Indonesia is highly limited in terms 
of both coverage and quality.35,36 Adults living in urban In-
donesia may experience a mortality advantage because urban 
areas in Indonesia have lower rates of poverty, better access to 
health care services, and lower rates of child mortality com-
pared with rural areas.37–39 However, there are also reasons 
to believe an urban mortality penalty may exist. Urbanization 
has outpaced infrastructure investment in urban Indonesia, 
resulting in poor access to basic services. In 2009, only 50% 
of the urban population had access to safe water, sewerage 
systems existed in only 11 of 98 cities, and only 2% of city 
residents had access to centralized sanitation systems.40 Life-
styles in urban areas in Indonesia have also changed dramat-
ically, and urban areas are at a more advanced stage of the 
nutrition transition. Individuals in urban areas consume more 
processed foods, are less physically active, and are more obese 
than individuals living in rural areas, suggesting that they may 
also be at risk of experiencing a greater burden of chronic 
diseases.41,42

In this study, we investigate whether adult life expec-
tancy is higher or lower in urban, compared with rural, parts 
of Indonesia. We estimate life expectancy differentials in the 
absence of vital registration information using data from the 
Indonesian Family Life Survey (IFLS), a unique data source 
with both reliable mortality follow-up and measured car-
diometabolic risk factor information. We also apply a novel 
g-formula–based decomposition method to the IFLS data to 
estimate the contribution of three key cardiometabolic risk 
factors to rural–urban life expectancy differences.

METHODS

Data
We used data from the 2000, 2007, and 2014/2015 

waves of the Indonesian Family Life Survey (IFLS), a multi-
stage cluster stratified panel survey of individuals and house-
holds representative of approximately 83% of the Indonesian 
population. Our main sample consisted of adults ages 30+ 
interviewed in the 2007 wave with the 2014/2015 wave used 
to determine mortality follow-up. The 2000 wave was used 
to measure a single covariate (BMI), which is discussed in 
the following section. The IFLS is exceptionally well suited 
to investigating rural–urban mortality differences because 
it is the only population-representative survey in Indonesia 
with multiple waves of data, detailed mortality follow-up, 

and very low levels of attrition (achieving 92% recontact rates 
by the 2014/2015 wave) due to intensive respondent track-
ing efforts.43 The IFLS collects measured biomarker and an-
thropometric data, allowing us to assess the contribution of 
objectively measured risk factors to rural–urban mortality 
differentials. We provide detailed information on the IFLS 
sampling procedures in eAppendix 1 (***). This study was 
exempt from institutional review board approval because the 
data are publicly available and deidentified.

Vital Status
We used the 2014/2015 wave to determine the vital 

status of all individuals surveyed in the 2007 wave. If an indi-
vidual died between the 2007 and 2014/2015 waves, a member 
of their family was asked to report their date of death. For indi-
viduals who did not die between waves, we used the date of 
interview in 2014/2015 as the date of right censoring.

Urban/Rural Classification
We designated individuals as living in urban or rural 

areas in the baseline 2007 wave using the classification 
assigned by Badan Pusat Statistik (BPS), the Indonesian Sta-
tistics Office. This classification is recorded in the IFLS and is 
based on population density, the share of households engaged 
in agricultural labor, and access to facilities such as schools 
and hospitals.

Mediators
We assessed the contribution of three important car-

diometabolic risk factors to rural–urban differences in mor-
tality: smoking, blood pressure, and body mass index (BMI). 
We chose these three mediators because they were reliably 
measured in the IFLS and are related to chronic disease devel-
opment and mortality. Full details on the measurement proce-
dures for these risk factors is provided in eAppendix 1 (***). 
For smoking, we employed a dichotomous measure of whether 
an individual reported ever regularly smoking tobacco.

We used direct systolic blood pressure measurements 
taken by a trained assessor using an Omron HEM-7203 
meter.43,44 We averaged the second and third of three total 
measurements, excluding the first measurement to reduce 
measurement error from so-called whitecoat effects where 
the initial blood pressure measurement tends to be artificially 
high. We focus on systolic blood pressure because diastolic 
blood pressure tends to level off in midlife, and systolic hyper-
tension is the larger source of blood pressure-related mortality 
among older adults.45,46

Finally, we considered the role of unhealthy weight using 
BMI, based on assessor-measured height and weight. Estimat-
ing the relationship between BMI and mortality presents a 
distinct methodologic challenge because individuals tend to 
lose weight when sick and especially before death. This intro-
duces a form of unobserved confounding that often results 
in empirical estimates implying that higher BMI is actually 
protective of mortality.47–49 One way to address this source of 
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confounding is to use BMI measurements taken earlier in an 
individual’s life. We took advantage of the long-running panel 
and used this approach, using an individual’s measured BMI 
from the 2000 wave as the primary measure of weight.

Confounders
Our analyses adjusted for a number of important soci-

oeconomic characteristics (all measured in 2007) including 
province of residence (entered as province fixed effects), 
schooling (no schooling, primary schooling, more than pri-
mary schooling), household asset–based wealth quintiles, pri-
mary occupation (agriculture, manufacturing, retail, service, 
housework only, retired, unemployed, other), and marital status 
(never, currently, formerly married). These variables collec-
tively represent a set of social, economic, and environmental 
characteristics that ultimately influence both the main media-
tors (smoking, weight, and systolic blood pressure) as well 
as mortality through other pathways (e.g., health knowledge, 
healthcare access, and the built environment) and thus capture 
several sources of confounding that may potentially bias our 
contribution estimates. We provide more detailed information 
on all the variables used in our analyses in eAppendix 1 (***).

Missingness and Imputation
eFigure 1 (***) provides detailed information on miss-

ingness for our study. Of the 19,243 respondents ages 30+ 
present in the baseline 2007 wave, none were missing vital 
status information in 2014/2015. Although confirmed to be 
alive, 1,107 individuals were not interviewed in 2014/2015, so 
they were assigned the median date of interview in 2014/2015 
as their date of right censoring. Next, among the 19,243 
individuals, 376 were missing baseline information on the 
confounders, an additional 1,847 individuals were missing in-
formation on baseline systolic BP and smoking in 2007, and 
an additional 2,841 were missing information on prior BMI 
from the 2000 wave (total nonmissing was 14,179/19,243 or 
74% of the eligible sample). We used multiple imputation 
with chained equations to impute the missing values for the 
three main mediators using all the variables described above 
in the imputation models for a final imputed sample of 18,867 
(we did not impute values for the 376 individuals with missing 
confounder information).

Methods
We began by converting the data to a person-age format, 

where we created observations for each age lived between 
2007 and either the date of death or date of right censoring in 
2014/2015 for each individual (eAppendix 1, ***).

To quantify the magnitude of rural–urban differences in 
adult mortality, we estimated life expectancy at age 30 (e30) 
separately by sex and rural/urban residence. To construct e30, 
we first estimated age- and sex-specific death rates in urban 
and rural areas by dividing the number of deaths that occurred 
in each 5-year age group between 30 and 80 between 2007 
and 2014/2015 by the total number of person-years lived in 

that age group. We then used standard period life table tech-
niques to convert these death rates into e30

50; this measure is 
interpreted as the average additional number of years that an 
individual who survives to age 30 will live if they experience 
the period mortality rates for the remainder of their lifetime.

Next, we assessed the contribution of the three media-
tors (cardiometabolic risk factors) to rural–urban differences 
in e30 using Sudharsanan and Bijlsma’s51 parametric g-for-
mula–based implementation of Jackson and VanderWeele’s52 
causal decomposition.51,52 The causal decomposition is a 
method for evaluating how much of the observed difference 
in an aggregate outcome between two groups of individuals is 
due to differences in the distributions of specific causes of that 
outcome between the two groups. We provide full details on 
the decomposition in eAppendix 3 (***) and briefly describe 
the procedure here.

Our specific decomposition question is: “How much of 
the observed difference in e30 between urban and rural areas 
is due to differences in the distribution of BMI, smoking, and 
systolic BP between the two areas?” To answer this question, 
we began by estimating a parametric model (a Poisson rate 
regression) for the relationship between all-cause mortality, 
the main mediators, and the identified confounders. We then 
applied this model to the observed data to estimate age-spe-
cific mortality rates, e30 for both rural and urban areas, and 
the rural–urban e30 difference. Model-estimated rates using 
the observed data are often referred to as “natural-course” 
estimates to distinguish them from non-model-based direct 
estimates such as those we used to quantify urban–rural differ-
ences in e30 described above. Although we do not need to use a 
parametric model to estimate the observed rural–urban differ-
ence, our counterfactual estimates rely on models and there-
fore a comparison of model-based counterfactual estimates to 
non-model-based observed estimates of e30 would conflate the 
contribution of the counterfactual scenario and the influence 
of the modeling procedures. By using the same parametric 
model for both the observed and counterfactual scenarios, we 
can net out the influence of the modeling procedures.

Next, we estimated what e30 for the urban population 
would be if they had the same distribution of the mediators as 
the rural population. To do this, we first fit a set of models for 
each of the three mediators as a function of the same covariates 
used to estimate the mortality outcomes. We then used these 
regressions to estimate the distribution of the three mediators 
within each of the covariate strata. We then set the urban pop-
ulation to have the same distribution of the mediators as the 
rural population by drawing new values of the mediators for 
each individual in the urban population from the estimated 
distribution of the mediators of rural individuals in the same 
covariate strata. Next, we used the original mortality model 
coefficients with the updated mediator data, leaving the urban 
population unchanged on all the confounders, to predict a set 
of counterfactual age-specific mortality rates for the urban 
population. We then used these counterfactual mortality rates 
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to form counterfactual estimates of e30 in urban areas (because 
the mediators are unchanged in rural areas, we do not need 
to form a new counterfactual e30). Finally, we compared the 
natural-course rural–urban difference in e30 to the counterfac-
tual difference. Because we equalized the distributions of the 
three mediators between urban and rural areas, any change 
in the rural–urban e30 difference between the counterfactual 
and natural-course scenarios reflects the contribution of dif-
ferences in the distribution of the mediators to the observed 
e30 difference.

We used a bootstrap procedure with 500 replications 
to account for the sampling variability in the life expectancy 
and decomposition estimates. We specified 95% confidence 
intervals based on the 2.5th and 97.5th percentiles of the 500 
bootstrap estimates.

RESULTS

Descriptive Characteristics of the Sample
For both men and women (men: N = 9,211, 49% of the 

total sample; women: N = 9,656, 51% of the total sample), 
the sample is around 47 years old on average and split evenly 
between urban and rural areas, with the majority of individu-
als residing in Java (Table). Most individuals are currently 
married, although the share of formerly married women is 
higher than among men (23% compared with 5.4%). A lack 
of formal education is also more common among women 
than men (18% compared with 6.9%). Men and women have 
similar mean levels of systolic blood pressure (132.4 for men 
and 133.6 for women) and BMI (21.4 for men and 22.6 for 
women) but having ever smoked is far higher for men (75% 
compared with 5.6%).

Rural–Urban Differences in Life Expectancy at 
Age 30

Life expectancy at age 30 (e30) is higher in rural, com-
pared with urban, areas for both men and women (Figure 1). 
For men, e30 is 41.5 years (95% CI = 40.4, 42.6) in urban areas 
compared with 43.7 years (95% CI = 42.4, 44.9) in rural areas 
(difference: 2.2, 95% CI = 0.4, 3.9). The magnitude of this dif-
ference is smaller for women but still favors rural areas. Life 
expectancy at age 30 for women is 44.2 years (95% CI = 43.2, 
45.3) in urban areas compared with 45.4 years (95% CI = 44.2,  
46.5) in rural areas (difference: 1.2, 95% CI = −0.4, 2.7).

Rural–Urban Differences in Smoking, BMI, and 
Systolic BP

Rural–urban differences in smoking, BMI, and systolic 
BP are mixed. Men and women living in urban areas have 
a slightly higher blood pressure at most ages compared with 
their rural counterparts, although there is substantial overlap 
in the confidence intervals at most ages. For BMI, however, 
we observe a clear urban disadvantage. Urban dwellers have 
substantially higher levels of BMI at nearly every age for both 
men and women. The relation between ever smoking and 

TABLE. Descriptive Characteristics of the Sample in the 
Baseline Wave

Men Women

(N = 9,211, 49%) (N = 9,656, 51%)

Mean (SD) Mean (SD)

Body mass index (kg/m2)a 21.4 (3.1) 22.6 (3.9)

Systolic blood pressure (mmHg) 132.4 (20.1) 133.6 (24.7)

Age 46.8 (13.4) 48.3 (14.0)

 Men Women

(N = 9,211, 49%) (N = 9,656, 51%)

N (%) N (%)

Urban 4,893 (53) 5,169 (54)

Province   

  North Sumatra 585 (6.4) 652 (6.8)

  West Sumatra 455 (4.9) 488 (5.1)

  South Sumatra 401 (4.4) 405 (4.2)

  Lampung 387 (4.2) 364 (3.8)

  Jakarta 725 (7.9) 688 (7.1)

  West Java 1,363 (15) 1,399 (15)

  Central Java 1,153 (13) 1,270 (13)

  Yogyakarta 567 (6.2) 620 (6.4)

  East Java 1,343 (15) 1,447 (15)

  Banten 270 (2.9) 259 (2.7)

  Bali 467 (5.1) 488 (5.1)

  West Nusa Tenggara 503 (5.5) 570 (5.9)

  South Kalimantan 415 (4.5) 412 (4.3)

  South Sulawesi 414 (4.5) 466 (4.8)

  Other provincesb 163 (1.8) 128 (1.3)

Marital status   

  Never married 419 (4.5) 342 (3.5)

  Married 8,299 (90) 7,082 (73)

  Formerly married 493 (5.4) 2,232 (23)

Schooling   

  None 633 (6.9) 1,769 (18)

  Some primaryc 7,533 (82) 7,165 (74)

  More than primary 1,045 (11) 722 (7.5)

Occupation   

  Retail 1,339 (15) 1,954 (20)

  Housework only 164 (1.8) 2,881 (30)

  Retired 420 (4.6) 310 (3.2)

  Agriculture 2,661 (29) 1,967 (20)

  Manufacturing 828 (9) 684 (7.1)

  Service 1,604 (17) 1,050 (11)

  Not working 275 (3) 63 (0.7)

  Other 1,920 (21) 747 (7.7)

Ever smoked cigarettes 6,269 (75) 502 (5.6)

Adults ages 30+, IFLS, 2007.
aBody mass index measurements were taken from the 2000, not 2007, wave and 

therefore correspond to measurements from roughly 7 years before the baseline wave.
bThese individuals were surveyed outside of the IFLS provinces and were grouped 

into the other category due to very small number of them residing in each individual 
non-IFLS province.

cIncludes individuals who completed primary school but received no additional 
schooling.
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urban residence differs by sex and, among women, by age. 
For men, the prevalence of smoking is approximately 10 per-
centage points higher in rural areas at nearly every age. For 
women, rates of smoking are nearly 0 for both urban and rural 
population between ages 30 and 55. Beyond age 55, there are 
substantially higher levels of smoking among rural women 
(Figure 2).

Decomposition of Rural–Urban Differences in 
Life Expectancy at Age 30

Figure 3 presents five estimates of rural–urban life ex-
pectancy differences: the natural-course unadjusted differ-
ence in life expectancy at age 30 between rural and urban 
areas, followed by four counterfactual estimates of the dif-
ference where the distribution of the three mediators in urban 
areas is set to the corresponding distribution in rural areas in-
dividually and when systolic BP and BMI are set to the rural 
distribution jointly. We find moderate contributions of two of 
the three risk factors to the overall rural–urban difference in 
adult life expectancy for men. BMI is the largest contributor 
to the rural–urban mortality difference: after equalizing the 
distribution of BMI between urban and rural areas, the life 
expectancy difference reduces by 17%, from 2.3 years (95% 
CI = 0.5, 3.9) to 1.9 years (95% CI = 0.1, 3.5). Systolic BP 
difference makes a smaller contribution (9%), reducing the 
difference to 2.1 years (95% CI = 0.4, 3.8). When considered 
jointly, systolic BP and BMI account for 22% of the urban 
adult mortality penalty, reducing the difference down to 1.8 
years (95% CI = 0.0, 3.4). Due to the higher prevalence of 
smoking in rural areas, setting the urban smoking distribu-
tion to the rural smoking distribution has the opposite effect 

and widens the rural–urban difference to 2.6 years (95% CI 
= 0.7, 4.2).

Rural–urban differences in the three mediators make 
larger contributions for women, although the observed rural–
urban difference is smaller for women relative to men and 
the size of these differences is small relative to the estimated 
confidence intervals. Among women, BMI differences also 
have the largest impact on the rural–urban mortality differ-
ence, followed by systolic BP differences. After matching the 
BMI distributions, the rural–urban life expectancy difference 
reduces from 0.9 years (95% CI = −0.8, 2.5) to 0.4 years (95% 
CI = −1.3, 2.0), corresponding to a 56% contribution. When 
considered jointly, BMI and systolic BP have a 78% contri-
bution to the rural-difference in life expectancy, reducing the 
difference down to just 0.2 years (95% CI = −1.5, 1.8). In 
contrast to men, smoking differences between urban and rural 
areas among women do not contribute to the life expectancy 
difference.

DISCUSSION
Our study estimates the size of and contributors to 

rural–urban differences in adult life expectancy in Indonesia, 
the third most populous LMIC and the fourth most populous 
country overall. We demonstrate that adult life expectancy is 
actually lower in urban than in rural areas. This is surprising 
in the context of two observations. First, infant mortality is 
lower and child health indicators tend to be much better in 
urban than rural Indonesia.19,38 Second, rates of poverty are 
lower and access to health services is better in urban areas.37,39 
It is unclear, however, whether this surprising urban adult life 
expectancy penalty is unique to Indonesia or common across 
many LMICs. Studies of adult mortality differences in LMICs 
are mixed and tend to be based on selected causes of death. 
For example, life expectancy at age 30 (e30) is higher in urban 
areas for both men and women in every Indian state20; how-
ever, in Bangladesh, there is no rural–urban difference in e30 
for men, and for women, e30 is higher in rural areas.22 Stud-
ies in China have also been mixed and focused on specific, 
nonrepresentative regions and select causes of death.21,23,25,53 
Stroke mortality, for example, was initially higher in some 
urban parts of China but then reversed over time and became 
higher in rural areas.25 Similarly, other studies find higher car-
diovascular disease and injury mortality in rural China.23,24 
Evidence from other countries also shows a mixed picture, 
with higher overall adult mortality in urban Costa Rica,26 
higher stroke mortality in urban Tanzania,27 and higher motor 
vehicle mortality in rural South Africa.54

Based on a novel causal decomposition method,51,52 we 
find that differences in the distributions of BMI and systolic 
BP explain moderate proportions of the urban adult life ex-
pectancy penalty. Differences in BMI and systolic BP jointly 
account for nearly one-fourth of the rural–urban difference 
in e30 for men, and over three-fourths of the difference for 
women. These results raise the question of whether the urban 
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FIGURE 1. Rural–urban differences in life expectancy at age 
30 (e30), adults ages 30+, Indonesian Family Life Survey, 2007–
2014/2015. Error bars represent 95% CIs. Male rural–urban 
difference (95% CI): 2.2 (0.4, 3.9); female rural–urban differ-
ence (95% CI): 1.2 (−0.4, 2.7).
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mortality penalty is the result of a direct causal effect of urban 
environments on adult health. One way to evaluate this is to 
compare rural residents with individuals who moved into 
urban environments from rural areas. Based on a review of 
such studies, urban migrants have higher levels of body fat, 
blood pressure, and blood cholesterol compared with rural 
nonmigrants across several LMICs.55 However, these differ-
ences may be due to systematic differences in the background 
characteristics between individuals who do and do not migrate. 
Studies that attempt to adjust for this bias by comparing rural 
nonmigrant and urban-migrant sibling pairs still find higher 
rates of obesity, hypertension, and diabetes among the urban 
migrant-siblings. Importantly, this difference becomes even 
more pronounced with longer durations in urban areas.9,56 
These findings suggest that part of the urban mortality penalty 
in Indonesia may be driven by a direct effect of urban environ-
ments on cardiovascular disease risk factors such as BMI.

Although the presence of an urban mortality penalty in 
Indonesia is consistent with the historical experience of high-
income countries, there are important differences in the un-
derlying causes of higher urban mortality. Historical urban 
mortality penalties were driven predominantly by higher in-
fectious disease mortality among infants and children due to 
poor conditions in cities, such as overcrowding, inadequate 
water and sewage systems, and contamination of food and 
water.57,58 In contrast, our results suggest that the urban mor-
tality penalty in contemporary Indonesia is concentrated at the 
adult ages and may be related to a faster progression of the 
nutrition transition and changing lifestyles in urban than rural 

areas. These problems are compounded by a weak health care 
system and lack of effective management of cardiometabolic 
risk factors.34,39,59–63

Our study has several important strengths. First, we 
were able to use high-quality longitudinal data to estimate in-
formation on mortality in Indonesia in the absence of a com-
prehensive vital registration system. Second, the IFLS also 
contains measured biomarker information, which allowed us 
to estimate the contribution of objectively measured CVD risk 
factors to mortality differences. Despite these strengths, there 
are still a number of important limitations. While the initial 
IFLS survey was representative of 83% of the population, our 
data come from the 2007 wave and thus may no longer be 
representative due to between-wave attrition. Therefore, our 
estimates may be biased if individuals surveyed in 2007 are 
systematically different from the overall population. We also 
have to rely on next-of-kin reports of date and cause of death 
due to the lack of a death registration system. Our decomposi-
tion estimates rely on adjusting for all sources of confounding 
of the mediator-mortality relation and may be biased by unob-
served confounders. However, we adjust for a fairly extensive 
set of confounders using detailed socioeconomic data avail-
able in the IFLS.

Our results may be biased by rural-to-urban migration 
or urban reclassification between 2007 and 2014/2015 since 
we classify individuals based on their rural–urban status in 
2007 and assign all deaths that occurred over the intersurvey 
period to that classification. Based on the prior 2000 and 2007 
waves of the IFLS, 11% of rural individuals either migrated 
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or had their areas reclassified as urban by 2007. If this trend 
continued between 2007 and 2014/2015, some of the deaths 
and person-years we attributed to the rural population actu-
ally occurred among individuals who subsequently moved 
to urban areas. Because we do not have information on the 
timing of between-wave migration for individuals who died, 
we were not able to correct for this bias. However, this bias 
would lead to artificially high rural—and consequently artifi-
cially low—urban death rates, making our main conclusions 
regarding the urban mortality penalty conservative.

A related issue is whether our “interventions” to 
equalize levels of blood pressure, BMI, and smoking between 
rural and urban areas satisfy the consistency assumption and 
thus can be justified as causal effects. First, there are multiple 
ways to reduce blood pressure and BMI, each with potentially 
different impacts on mortality. Our estimate, however, does 
not correspond to any one specific route and therefore may 
not represent the true effect of lowering blood pressure and 
BMI using specific interventions. Second, the levels of the risk 
factors we observe are the result of life-course exposures that 
likely also vary between urban and rural areas. By equalizing 
the levels of the three risk factors at a single point in time 

using data that are the result of a longitudinal process, our 
estimates may not correspond to an intervention to equalize 
the life course histories of the risk factors nor an intervention 
to equalize the risk factors at a single point in time, ignor-
ing past histories—both of which would likely have different 
mortality implications. For these two reasons, our decompo-
sition estimates are better seen as a thought experiment: what 
would happen if urban populations never reached the levels 
of each risk factor they currently have but rather attained the 
lower levels of blood pressure and BMI and the higher levels 
of smoking found in rural areas?

Our findings point to a higher burden of cardiometabolic 
disease in urban compared with rural Indonesia. As Indonesia 
continues to age, urbanize, and undergo the nutrition transition, 
this burden is likely to increase substantially.64 Urban popula-
tions are considered to be at the forefront of the epidemiologic 
and nutrition transitions in Indonesia and in most LMICs. The 
importance of cardiometabolic risk factors indicates current 
priorities but also acts as a signal of future health needs in the 
wider population. Access to and the quality of health care in In-
donesia are fairly low39,61 and the system is not well equipped to 
address the management of cardiometabolic diseases.60
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