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ABSTRACT

In order to shed light on the biological and social drivers underlying the dramatic rise in 
cardiovascular disease risk in lower-income settings, links between these risks and body 
composition, behavioral and socioeconomic factors in Aceh, Indonesia, are contrasted with the 
United States. We focus on rigorously-validated measures of HDL and non-HDL cholesterol 
among adults. Indonesians present with adverse cholesterol biomarkers relative to Americans, 
despite being younger and having lower body mass index. Adjusting for age, these gaps increase 
in magnitude. Body composition, behaviors, demographic and socioeconomic characteristics that 
affect cholesterol do not explain between-country HDL differences, but do explain non-HDL 
differences, after accounting for medication use. On average, gender differences are inconsistent 
across the two countries and persist after controlling observed characteristics. Leveraging the 
richness of the Indonesian data to draw comparisons between males and females within the same 
household, the gender gaps among Indonesians are not explained for HDL cholesterol, but 
attenuated substantially for non-HDL cholesterol. This finding suggests that unmeasured 
household resources play an important role in determining non-HDL cholesterol. More generally, 
they appear to be affected by social and biological forces in complex ways that differ across 
countries and potentially operate differently for HDL and non-HDL biomarkers.
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1. Introduction 

 Global deaths from cardiovascular disease are rising at alarming rates, driven in part by elevated 

mortality risks in low and middle-income countries as a result of the epidemic of obesity (Popkin 2001; 

Roth et al. 2015). In recent years, increasing risk factors for and mortality from cardiovascular disease 

among Asian and South Asian populations has been a source of substantial concern in the United States 

(U.S.) population and globally (Jose et al. 2014; Taddei et al. 2020; Volgman et al. 2018). 

 However, while substantial cross-country variation in cardiovascular disease has been 

documented, the mechanisms underlying these differences are not well understood, and there is a paucity 

of evidence on disparities by gender as the burden of disease shifts from males to females in many 

countries (Vogel et al. 2021). As low and middle-income countries undergo social and economic 

transformation, they provide unique environments to examine the biological, behavioral, and 

socioeconomic mechanisms involved in cardiovascular disease and health disparities. The relationships 

between anthropometry and cardiovascular disease have been studied across contexts, which has revealed 

differences in these relationships between males and females (Goryakin, Rocco, and Suhrcke 2017; 

Rashad 2008). Examining populations that do not follow the ‘typical’ patterns that characterize higher-

income countries may be scientifically very valuable to advance understanding of cardiovascular disease 

(CVD) in the US and abroad (Frankenberg, Ho, and Thomas 2016; Godoy et al. 2007; Schooling and 

Leung 2010; Zeljko et al. 2013). 

 We compare levels of high-density lipoprotein (HDL) and non-HDL cholesterol, two biomarkers 

fundamentally associated with increased risk of cardiovascular disease, in population-representative 

samples of adults in Aceh, Indonesia and adults in the U.S. Several characteristics make the Indonesian 

population an interesting comparison with the US. Some of the most important factors that affect lipid 

levels and cardiovascular disease risk include age and aspects of body composition such as BMI and waist 

circumference, which differ across our contexts (Haskell et al. 1980; Le-Ha et al. 2013; Lew et al. 2017; 

Wilson et al. 1998). Although the Indonesian population is younger and has a more favorable body 

composition than the American population, Indonesians have cholesterol profiles that suggest higher risks 

of CVD relative to Americans.  

 Low HDL cholesterol and high non-HDL cholesterol are indicative of elevated CVD risks: 

Indonesians have worse profiles on both biomarkers, on average, relative to Americans. The differences 

between the two populations are substantively large. For example, HDL cholesterol levels are about 

6mg/dL lower among Indonesians in our sample relative to Americans, a magnitude linked in prior 

studies to approximately 14% increased risk of death due to CVD. Relative to Americans, an additional 

13% of women and 25% of men in Indonesia fall below the widely-used clinical cut-off for a healthy 
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level of  HDL cholesterol of 40mg/dL (Cui et al. 2001). The results for Indonesia contrast with findings 

from other Asian contexts, which typically find lower HDL but also lower non-HDL than in the U.S. 

Further, patterns by gender across countries are completely different. Indonesians have an inverted non-

HDL cholesterol gender gap relative to Americans in the sense that U.S. females are at lower risk relative 

to males whereas Indonesian females are at higher risk relative to males.1  

 The reasons for these differences in patterns across the populations are a puzzle. We investigate 

several potential explanations. Specifically, we examine the relationships between age, gender, body 

composition, socioeconomic factors, and cardiovascular disease risk in Indonesia, and draw comparisons 

with a parallel sample in the US. To further interrogate the ‘inverted’ gender disparities in non-HDL 

cholesterol, we draw contrasts between males and females living in the same household at the time of 

measurement. These estimates abstract from the effects of household resources and structure, as well as 

environmental factors and other unobserved characteristics and behaviors that are shared within 

households and typically very difficult to measure. We show these unobserved characteristics likely 

underlie the distinctive patterns by gender across the two countries. 

 Whereas the existing global health literature documents differences in risk and disease profiles 

across countries and regions throughout the world and points to the importance of understanding the 

reasons for these differences, this study contributes to the literature by conducting a systematic and in-

depth comparison of the roles of biology, behavior and socioeconomic factors in explaining differences in 

validated biological markers of cardiovascular risks across vastly different contexts (Roth et al. 2015, 

2020; Taddei et al. 2020). The literature documents that the relationships between socioeconomic status 

and self-rated health or self-reported diagnoses vary from country to country and, in many contexts, 

between males and females. This variation has often been interpreted as reflecting that gender-related 

social forces and resource-related access to health care play important roles in reported differences (Assari 

2014; Moghani Lankarani, Shah, and Assari 2017; Witoelar, Strauss, and Sikoki 2009). This makes 

measurement with biological health markers essential, as self-reported disease risk can be endogenously 

related to social strata, access to resources and use of health care. 

 Accordingly, we leverage detailed population-representative data that we collected from 5,577 

adults in Aceh, Indonesia, using validated point-of-care instruments, and draw comparisons with 4,937 

American adults assessed in the National Health and Nutrition Examination Survey (NHANES). In order 

to ensure the quality of the data we collected, we conducted a rigorous validation of the point-of-care 

instrument used to measure cholesterol in the field. Prior to data collection, we established that high 

                                                 
1 Gender is used to reflect differences between males and females that may be biological and/or related behaviors, access to 
resources and social contexts.  
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humidity and temperature result in the measures being systematically downward biased. We therefore 

developed a mobile laboratory that was climate-controlled and drew samples and conducted the assay in 

the mobile lab. Those measures of cholesterol match measures from paired samples tested in a 

commercial laboratory. This is an important methodological contribution of our research since very few 

population-based studies that have collected biomarkers in field settings have validated the procedures 

(Thomas et al. 2018).  

 Our results document the importance of body composition and behavioral factors and, despite 

significant economic change in Indonesia over the past several decades, find little role for socioeconomic 

factors in explaining the differences between cholesterol profiles of Americans and Indonesians. We 

highlight the importance of distinguishing HDL from non-HDL cholesterol and establish that differences 

in HDL cholesterol of Americans and Indonesians cannot be attributed to a broad array of observed 

differences but, rather, indicate that there are likely differences in the underlying health production 

functions. We also find large unexplained differences in gender gaps across the two countries, which we 

suggest in Indonesia can be largely attributed to shared household-level characteristics. 

 These comparisons are important because, as lower resource economies develop, and the nutrition 

transition continues its march around the globe, understanding the ramifications of the attendant changes 

in society on cardiovascular disease is essential. Indonesia has recently experienced rapid recent economic 

growth and a parallel epidemiological transition in its disease burden (one in three deaths are now 

attributable to cardiovascular disease), including transitions in disease burden across socioeconomic strata 

(Aizawa and Helble 2017; Witoelar et al. 2009). As a result, Indonesia makes a high-value case study. 

Detailed comparisons between higher and lower-resource countries provide the opportunity to improve 

understanding of the unique linkages between gender, biology, and social mechanisms that drive 

cardiovascular disease risk in Indonesia, the US, and around the globe. 

 

2. Conceptual Framework and Empirical Methods 
2.1 HDL and non-HDL cholesterol 

 We focus on levels of HDL and non-HDL cholesterol, as they are core biomarkers for 

cardiovascular risk. Atherosclerosis, the buildup and hardening of plaques in the arteries which can 

eventually occlude vessels, break off, or rupture, is the primary underlying cause of heart attack and 

stroke. Simply, plaques are formed in several steps: 1) infiltration of subsets of non-HDL cholesterol into 

blood vessel walls, where they are oxidized 2) macrophages consume cholesterol molecules, leading to 

foam cell formation, 3) inflammation from foam cells results in elevated oxidative stress which leads to 

additional LDL oxidation, foam cell formation, and proliferation of this process, 4) foam cell recruit 
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smooth muscle cells to form a fibrous barrier between the plaque and the bloodstream. This process can 

then lead to heart attacks or strokes when occlusion of blood vessels or rupture of blood vessels occur – 

typically when expanding plaques occlude blood vessels, or ruptured fibrous barriers lead to sudden 

clotting when platelets in the blood contact the plaque directly (either occluding blood vessels or creating 

clots that occlude smaller vessels downstream). HDL cholesterol plays an important role in this process 

by reverse cholesterol transport – helping to clear non-HDL cholesterols that may be part of plaque 

formation (Linton et al. 2000).  

 Due to their essential roles in the pathophysiology of cardiovascular disease, blood HDL 

cholesterol and non-HDL cholesterol levels are used as proxies for risk. They have both been linked 

extensively to clinical outcomes and are common first-line targets of primary care. Low levels of HDL 

cholesterol are associated with increased risk of cardiovascular disease incidence, and mortality including 

coronary heart disease, coronary artery disease, and stroke (Barter and Rye 1996; Castelli et al. 1986; 

Cooney et al. 2009; Gordon and Rifkind 1989; Weverling-Rijnsburger et al. 2003). High non-HDL 

cholesterol levels are linked to coronary artery disease, and at some ages increased risk of cardiovascular 

and all-cause mortality (Anderson, Castelli, and Levy 1987; Weverling-Rijnsburger et al. 2003). Large-

sample genetic evidence reinforces the findings from clinical and population studies, linking genetic 

predictions of HDL and non-HDL cholesterol to aortic aneurysm risk (Klarin et al. 2018). 

 A paucity of population-representative evidence on the links between cholesterol levels and 

cardiovascular disease risks in the Indonesian population makes it difficult to draw firm conclusions about 

the clinical relevance of the differences in cholesterol levels that we document. However, evidence from 

similar contexts suggests the biomarkers are powerful predictors of cardiovascular disease and the 

differences we document are important. From a biological perspective, there is little reason to believe that 

these biomarkers would play substantially different physiologic roles in Indonesia compared with the U.S. 

Among South Asians, adverse communicable disease environments and elevated background 

inflammation may play a role in increased risk for a given cholesterol level (Stefil et al. 2023). 

Epidemiologic study of other Asian populations suggests relationships between these biomarkers and 

mortality, heart disease, and stroke that are similar to those observed in American populations (Asia 

Pacific Cohort Studies Collaboration 2003). Further, results from randomized trials of statin efficacy, 

which primarily lowers non-HDL cholesterol, document similar efficacy across racial groups including 

Asian populations (Albert et al. 2011; Kushiro et al. 2009). Taken together, while the evidence on CVD 

risks at a given cholesterol level across countries is not conclusive, parallel international shifts in the 

distribution of cholesterol risk and recorded CVD, knowledge of inflammatory environments, and clinical 

trials of statins suggest these biomarkers are important in contexts similar to Indonesia. 
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2.2 Etiology of HDL and non-HDL cholesterol. 

 Non-HDL cholesterol levels can be shaped by a variety of factors. After puberty, non-HDL levels 

rise significantly with age, before plateauing and decreasing slightly later in life (Kreisberg and Kasim 

1987). In most populations, non-HDL increases more rapidly with age in males than females. As a result, 

non-HDL levels among males are typically lower than among females (Kreisberg and Kasim 1987). 

Estrogen likely plays an important role in improved cholesterol levels in women compared with men. 

Adiposity is linked to adverse non-HDL levels, potentially through a variety of mechanisms including the 

effects of adiposity on decreasing HDL levels, increased absorption of cholesterol, and downregulation of 

enzymes that clear non-HDL cholesterol in adipose tissue (Auley 2020; Klop, Elte, and Castro Cabezas 

2013). A variety of lifestyle factors also contribute to non-HDL cholesterol levels, including diet, physical 

activity, and smoking (Caldwell et al. 2019). Of note, smoking’s impact on HDL levels may potentially 

be mediated by adverse effects of smoking on HDL (Campbell, Moffatt, and Stamford 2008; Muscat et al. 

1991). Non-HDL cholesterol is also the primary target of statin drugs, first-line agents for preventing 

atherosclerosis that dramatically lower non-HDL cholesterol levels. In short, statin drugs reduce de novo 

synthesis of cholesterol, leading to increased cellular absorption of non-HDL cholesterol out of the 

bloodstream. 

 HDL cholesterol has many of the same risk factors as non-HDL cholesterol, in part because some 

of the mechanisms that adversely affect non-HDL cholesterol do so by downregulating HDL cholesterol. 

Large-sample genetic studies also find similar proportions of the variation of HDL and non-HDL 

cholesterol can be explained with genetic markers (11% and 9%, respectively) (Klarin et al. 2018). There 

are, however, several notable differences. First, while there are strong age gradients in non-HDL 

cholesterol, age gradients for HDL differ for males and females: they are typically relatively flat for 

females, while for males they decrease rapidly during puberty and early adulthood and then remain 

relatively flat from that point. Clinical studies that suppress testosterone suggest a potentially causal role 

of testosterone in lowering men’s HDL levels (Bagatell et al. 1992; Semmens et al. 1983). Second, while 

smoking may affect non-HDL cholesterol levels, its primary impact is on HDL cholesterol (Maeda, 

Noguchi, and Fukui 2003). Third, while statin drugs can have dramatic impacts on non-HDL cholesterol 

levels, their effects on HDL cholesterol are very small, potentially increasing levels slightly (Barter et al. 

2010). This difference emphasizes that while the regulation of HDL and non-HDL cholesterol are related, 

they are governed by different processes. 

2.3 Conceptual and empirical models 

 Although the Indonesian population is younger, has lower body mass and less abdominal fat, 

factors that have been shown to be linked to less adverse cholesterol profiles, Indonesians have worse 
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HDL cholesterol and non-HDL cholesterol than Americans. Further, while, relative to females, males 

have adverse cholesterol levels in the U.S., in Indonesia females have slightly worse non-HDL cholesterol 

than males. These facts motivate an exploration of the potential mechanisms at play, which to some extent 

challenge typically assumed facts about the production function of cardiovascular risk, and illuminate the 

ways in which it may differ across contexts. To formalize our approach to understanding what may drive 

these differences, we leverage the following conceptual and empirical models of cardiovascular health.  

 Assume an individual allocates resources, including own time, at each point in the life course to 

maximize lifetime well-being, including health, given resource and information constraints the individual 

faces at that point in time. Well-being includes health which is constrained, at each point in time, by a 

dynamic health production function that depends on inputs over the life course such as food intake and 

diet quality, health-related behaviors including quantity and quality of health care use, exercise and 

smoking.  

 In the model, health outcomes may also depend on individual-specific characteristics and the local 

area environment. These characteristics may have a direct effect on health, they may affect the shape of 

the health production function and/or they may interact with inputs or each other. Individual-specific 

characteristics include, for example, age, gender and education, resources over the life course, genetic 

factors and family background. Local area factors include the quality of the environment, availability of 

health care services, the prices of health care and prices of all other goods. These individual and local-area 

factors potentially play a role reaching back to in utero exposures. Future characteristics may also be 

relevant through the role of future expectations affecting prior behavior.  

 Solving this dynamic optimization problem yields a demand function for a health outcome at a 

point in time which depends on exogenous factors that affect health through the health production 

function and/or the time, budget and information constraints. A primary goal of this research is to advance 

understanding of the relationships between cardiovascular risks, as indicated by measures of cholesterol, 

and individual-level characteristics by drawing comparisons between populations in the U.S. and 

Indonesia. There are large differences in several key inputs into the health production function between 

the two populations: for example, in our Indonesian sample, average BMI is about 25 kg/m2 whereas in 

the U.S. sample it is 30 kg/m2. Failing to adjust for these observed differences across the populations has 

the potential to hide important explanations for differences in cholesterol levels. Therefore, we estimate 

conditional demand for health outcome functions that adjust for these differences (Pollak 1969): 

  ,( , )P
i i i iC N Z          [1] 
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where iC  is measured HDL and non-HDL cholesterol of respondent i in population P at the time of the 

survey, iN  are the conditioning inputs such as BMI, smoking behavior, medication use and physical 

activity, and ,iZ  are individual and area-level characteristics. The health production function is 

represented by P  which we do not restrict to be the same across populations, P. Unobserved 

heterogeneity that affects health outcomes of individual i in population P is captured in i .  

 Linearizing [1] and collecting the observed characteristics in the production functions, iN  and ,iZ

in a vector of covariates, iX we estimate the linear regression for each population, P,   

  0 1
P P P

i i iC X           [2] 

allowing the health production functions and conditional demand functions to differ across populations. 

Unobserved factors in the empirical models are captured by i .  

 To facilitate comparisons across the U.S. and Indonesian populations, we also report estimates 

with samples from both populations, allowing the coefficient estimates to differ across the two 

populations:  

  0 1 2 3i i i i i iC X I X I              [3] 

where the indicator variable iI  identifies respondents from Indonesia (taking the value one for those 

respondents and zero for U.S. respondents). In [3], each element of the vector of estimates, 3̂ , is 

equivalent to the corresponding difference in the estimates 1 1ˆ ˆI US  in models [2], where the superscripts 

I and US refer to the Indonesian and U.S. populations.  

 After presenting results from estimating [2] and [3], we explore the extent to which the differences 

in cholesterol levels can be attributed to differences in the observed characteristics, iX , across the 

populations. Since both HDL and non-HDL cholesterol vary with age, and the Indonesian population is 

substantially younger than the U.S. population, we begin by adjusting only for age. We add the other 

controls and adopt a Blinder-Oaxaca decomposition to separate the differences across the population into 

the part that can be attributed to observed differences in covariates and the part that cannot be thus 

explained (Blinder 1973; Oaxaca 1973).  

 The literature has documented that the relationships [2] differ by gender within many populations, 

including the U.S. Since we find that to also be true in Indonesia, all empirical models are reported 

separately for males and females. We further explore these gender differences by exploiting the fact that 

in the Indonesian survey, we measure cholesterol for all age-eligible participants in each sample 

household. Drawing comparisons between males and females living in the same household at the time of 
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the survey has the advantage of sweeping out the effects of shared observed and unobserved household 

and local-area factors that affect cholesterol in a linear and additive way. These include, for example, 

factors such as diet and nutrition, local area prices and access to health services, which are not included in 

the models because they are not observed in both datasets. Diet is of particular interest in this context 

since it has the ability to directly shape cholesterol levels, and has substantial socioeconomics gradients, 

particularly in lower-resource settings (Rahkovsky and Gregory 2013; Worku et al. 2017). 

 Specifically, we estimate models that related cholesterol measures of individual i in household h, 

ihC . to the subset of covariates in [2], that vary within a household, ihX , controlling gender of the 

respondent, ihM , which is also is interacted with the covariates in model [2]. The and including a 

household-specific fixed effect, h : 

  0 1 2 3ih ih ih i ih h ihC X M X M              [4] 

where unobserved heterogeneity is ih . While the household fixed effect absorbs the influence of shared 

characteristics that affect cholesterol, the models allow the relationships between the individual-level 

characteristics that affect cholesterol to vary with gender and also allow a gender differential in the 

association with observed household-level characteristics. For example, the relationship between 

household resources and cholesterol that is common for all household members is captured in the fixed 

effect; estimates of the coefficient on the interaction terms, 3 , reflect the differences in these associations 

between males and females. These differences may reflect biological differences, an efficient allocation of 

resources within the household and they may reflect differential bargaining power. These analyses are 

restricted to the Indonesian survey since the NHANES public-use files do not include household-specific 

identifiers. 

 

3. Data 
3.1 Study Populations 

 We draw on population-representative data from the U.S. and Indonesia. The Indonesian data are a 

subsample of the Study of Tsunami Aftermath and Recovery (STAR), a longitudinal survey of individuals 

who were living along the coast of Aceh and North Sumatra, Indonesia, at the time of the Indian Ocean 

earthquake and tsunami on December 26, 2004. STAR follows survivors of the pre-tsunami baseline 

collected in February/March 2004 by Statistics Indonesia as part of SUSENAS, an annual socioeconomics 

survey.  

 In order to collect detailed information about biological health risks, we selected a random sub-

sample of respondents in 2017-2018 and measured non-fasted total and HDL cholesterol. The sample is a 
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25% random sub-sample of 411 enumeration areas in Aceh included in the 2004 baseline with, 

overweighting of areas that sustained the most damage from the tsunami. All baseline survivors and their 

children born after the tsunami who were age 8 and older at the time of the 2017-18 follow-up were 

eligible for the biological risks sub-study. This includes people who moved away from the pre-tsunami 

community of residence. Of these individuals, 93.5% agreed to participate. A trained phlebotomist 

collected venous blood from each respondent in a small mobile lab that was parked outside the 

respondent’s home. 

 While our data is drawn from the province of Aceh, the overall patterns of cholesterol levels and 

gender epidemiology, in particular the inverted gender gaps in non-HDL cholesterol, match population-

level data from other studies in Asia and Indonesia. The distinctive epidemiology in this population 

provides insightful comparisons with the U.S., and we use rich household-linked data in the Indonesian 

sample to more deeply study the intersections of socioeconomic status and gender with cholesterol levels. 

However, it is important to recognize our results may not generalize to all of Indonesia. 

 To draw comparisons with the U.S., this study uses the 2017-2018 wave of the National Health 

and Nutrition Examination Survey (NHANES). The NHANES is a nationally representative cross-

sectional sample of American adults and children, with in-depth data on health and nutritional status. 

Cholesterol measures were collected on individuals 6 and older. 

 Sample weights for both populations are used so that the analyses are representative of the target 

populations in Aceh and the U.S. The STAR weights take into account the sampling probabilities of the 

selected pre-tsunami enumeration areas so that the weighted statistics represent the populations in the 

districts included in STAR. NCHS-provided sample weights for the NHANES Mobile Examination Clinic 

sample provided by the NCHS are used for the NHANES analyses. Results are reported for adult 

respondents age 20y or older at the time of measurement in both populations. 

3.2 Validation of Cholesterol Measurement in the Field in Indonesia 

 We draw comparisons between Indonesia and the U.S. for two biomarkers, HDL cholesterol and 

non-HDL cholesterol, considered core predictors of cardiovascular disease risk. Both are markers of 

population health and of interest to health and social scientists. They are routinely collected in the course 

of most primary care practices as well as measured in population-representative broad-purpose studies 

such as the Health and Retirement Survey (HRS), Demographic and Health Surveys (DHS), Indonesian 

Family Life Survey (IFLS), Health and Aging in Africa (HAALSI), the Cebu Longitudinal Health and 

Nutrition Survey (CLHNS), and others (Gaziano et al. 2017; Mishra et al. 2009; Strauss et al. 2009). 

 When comparing levels of biomarkers across studies, it is important to establish that differences 

are not driven by systematic differences in measurement. In STAR, cholesterol is measured with the 
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CardioChek POCT. It is widely used in clinical settings and has been validated in controlled clinical 

settings although concerns have been raised with its performance in clinics in some lower-resource 

settings (Ferreira et al. 2015; Gao et al. 2016; Kuzawa et al. 2019; Park et al. 2016). The CardioChek has 

also been used in the field in several large-scale and important population-based studies including 

CLHNS, HAALSI and IFLS. Unfortunately, those studies have not published validation studies, although 

there is evidence that field conditions can substantially bias biomarker measures (Thomas et al. 2018).  

 We therefore designed a protocol to rigorously evaluate the performance of the CardioChek in our 

field setting prior to conducting fieldwork. Specifically, we measured performance in three settings: (1) a 

well-controlled clinical or “ideal” setting, (2) “field” settings that were community centers with little or no 

climate control located near respondents’ homes and replicated measurement in the respondent’s home (3) 

in a “mobile lab” that we constructed by placing the sample collection materials and equipment in a 

minivan that was carefully climate controlled with a portable air conditioning system and having the 

samples drawn in the “mobile lab”. The mobile lab was parked outside or close to each respondent’s 

home. For each setting, we conducted a paired-sample analysis, with samples from the same respondent 

being analyzed with the CardioChek and at a gold-standard commercial laboratory, Prodia, located in the 

province capital of Banda Aceh. (The “ideal” setting was located adjacent to the Prodia lab.) 

 POCT results from the “ideal” setting validated well. While measurement was noisier than the 

gold-standard clinical laboratory, the R2 of the paired samples was high for both HDL cholesterol and 

non-HDL cholesterol (0.81 and 0.83, respectively) and was unbiased, showing initial promise for 

CardioChek as an efficient way to measure cholesterol in the field for population studies (Figure 1, Panels 

A and B). However, performance in the “field” setting was significantly poorer, in particular for HDL 

cholesterol which was significantly downward biased. For example, on average, HDL cholesterol was 6.2 

mg/dL lower than the gold standard value (48 mg/dL) (Appendix Table 1). This had important 

implications for the classification of individuals into high or low-risk categories (Appendix Table 2). In 

the “field” conditions, the CardioChek incorrectly classified 44% of individuals in the ‘normal’ HDL 

range as having clinically significant low HDL (Appendix Table 1). However, while HDL was 

significantly downward-biased, the performance of non-HDL assessment under uncontrolled field settings 

was much better, and was not significantly different from the gold-standard values.  

 Performance of CardioChek was far superior in the “mobile lab.” It matched the gold standard in 

terms of HDL levels (Appendix Table 1) and classification of low HDL levels (Appendix 3). While the 

non-HDL cholesterol POCT performance in the controlled field setting had an intercept at the mean 

significantly different from 0, relative to the mean of 149.8, the differences were relatively small. Further, 
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the slope was closer to 1 than in the ideal conditions, and the POCT was able to accurately classify high 

and normal levels of non-HDL cholesterol (Figure 1 and Appendix Table 2). 

 We therefore assessed HDL and non-HDL in our mobile lab for this research project. To assure 

the quality of the biomarker measurement, the mobile lab protocols were validated three separate times 

after the start of fieldwork with paired same-subject samples using the same gold-standard commercial 

laboratory. The quality of the data collected in STAR remained high in each validation sub-study. 

 These results from validation have important implications for the use of POCTs in field research 

and global health settings. It is clear that failure to carefully control measurement conditions can 

compromise the validity of data collected with POCTs that are known to perform well in clinical settings. 

Measures of HDL and total cholesterol in studies that have not paid attention to controlling measurement 

conditions are likely to be downward biased, potentially over-stating the prevalence of low HDL in 

particular (Gaziano et al. 2017; Herningtyas and Ng 2019).2 Our validation establishes that, with adequate 

attention paid to measurement conditions, POCTs can be successfully deployed to measure biological 

risks and provide feedback to respondents even in very complex and demanding field environments. 

3.3 Measurement of Cholesterol in the U.S. 

 The NHANES used Mobile-Examination Centers, state-of-the-art facilities enclosed in mobile 

trailers to measure health biomarkers in the field, including cholesterol biomarkers. The NHANES does 

regular validation, including third-party contract laboratories that test 2% of all specimens measured, as 

well as blind split samples validated in labs outside of the Mobile-Examination Centers. 

3.4 HDL and non-HDL Cholesterol: Summary statistics 

 As shown in Table 1, on average, HDL cholesterol is about 6mg/dL lower in Indonesia relative to 

the U.S. for both males and females, which translates into substantially higher rates of low HDL 

cholesterol (<40mg/dL) among Indonesians.3 In both countries, HDL is about 10mg/dL lower for the 

                                                 
2 In the 2015 wave of IFLS, cholesterol was measured in the home for a sample of respondents who are representative of about 
80% of the Indonesians at the time of the 1993 baseline. Both HDL and total cholesterol measures were low relative to 
estimates from clinical samples. One arm of our validation study for the STAR sample replicated the IFLS protocol but also 
collected a paired sample from each validation study respondent that was assayed in a clinical laboratory. Comparing the two 
measures, we established that the in-home measures collected in IFLS were significantly and substantially biased downwards. 
Our analyses of the IFLS data, reported in panel 3 of Appendix Table 3, indicate that this is driven by low levels of measured 
HDL cholesterol which is also reflected in total cholesterol. However, on average, non-HDL cholesterol levels match our data 
from Aceh more closely and the underlying gender epidemiology is very similar in the two studies, indicating that our results 
for Aceh likely generalize to the broader Indonesian population. In STAR,  sample collection and measurement of total and 
HDL cholesterol were conducted in our mobile mini-lab with temperature and humidity carefully controlled. IFLS sample 
collection and measurements were conducted in the home. The differences suggest that collection and measurement conditions 
affected HDL cholesterol but non-HDL cholesterol appears to have been less affected.  
3 Following the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, 
and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III)’s recommendations for non-fasting measures, 
we defined low non-fasting HDL cholesterol to be HDL<40 mg/dL and high non-HDL cholesterol to be non-HDL> 190 mg/dL 
(National Cholesterol Education Program (NCEP) Expert Panel (Adult Treatment Panel III) 2002). 
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average male relative to the average female. About half of Indonesian males present with low HDL as 

opposed to about one-quarter of U.S. males, about 20% of Indonesian females and less than 10% of U.S. 

females present with low HDL. These are striking differences. 

 Non-HDL cholesterol levels are higher among Indonesians relative to Americans and in both 

populations the differences between males and females are small. One of the key challenges in comparing 

the Indonesian and American non-HDL cholesterol levels has to do with the widespread use of 

cholesterol-lowering medications in the U.S., in contrast with the very low use of these medications in 

Indonesia. 18% of Americans in the sample reported using cholesterol-lowering medications, while 0.2% 

of Indonesians were. Whereas these medications are not designed to affect HDL, they can dramatically 

lower non-HDL cholesterol levels so that it is difficult to interpret the differences in non-HDL levels 

across populations.4 We define high non-HDL cholesterol as having a measured level >190mg/dL or 

being on medication with the assumption that in the absence of medication, the respondent would present 

with elevated non-HDL. Relative to Indonesians, these rates are considerably higher among Americans 

than among Indonesians, particularly for males.  

 In sum, relative to the U.S. population, HDL cholesterol is substantially lower and non-HDL is 

higher in Indonesia indicating that the Indonesian population has greater cardio-metabolic health risks 

than Americans. This finding is not unique to the STAR sample.  Appendix Table 3 reports parallel data 

from China, Korea and a different Indonesian sample. While the distributions of cholesterol measures in 

the Chinese population are similar to those in the U.S., the distributions in the Indonesian and Korean 

samples are not (they are more similar to the distributions in STAR).  

3.5 Covariates: Definitions and summary statistics 

 Table 1 also displays summary statistics of covariates used in the model. The Indonesian sample is 

younger with an average age of 40y whereas the average American in the sample is close to 50y. Three 

indicators of body composition are included in the models:  body mass index (BMI, which is weight in 

kilograms divided by the square of height in meters), waist circumference (in cms) and height (in cms). 

Waist circumference is a measure of abdominal adiposity which, in combination with BMI, is linked to 

elevated cardio-metabolic health risks (Pischon et al. 2008; Ross et al. 2020). Indonesians are shorter, 

lighter given height and have smaller waists than Americans, which all conventionally suggest lower 

cardio-metabolic health risks among Indonesians.5 But, recall, relative to Americans, Indonesians present 

with elevated rates of cardio-metabolic risks based on their cholesterol profile.  

                                                 
4 Regression models that predict non-HDL cholesterol include a control for whether the respondent is on cholesterol-reducing 
medication. 
5 NHANES measures body fat and body fat allocation with dual x-ray absorptiometry (DEXA) scans but STAR uses 
bioelectrical impedance. The two measures are not comparable and are not included in the models.  
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 Physical activity was calculated in Indonesia as the number of hours per week spent doing 

“intense physical activity.” In the U.S., a question regarding the number of hours per day spent doing 

“intense physical activity” was used, and multiplied by seven for comparison with the Indonesian 

measure. In both the U.S. and Indonesia, females report 2.5-3 hours per week of physical activity, on 

average, whereas American males report about twice as much activity and Indonesian males about 3 times 

as much physical activity. An indicator variable for whether or not an individual was a current smoker 

was used to control for smoking behavior. Over two-thirds of Indonesian males are smokers and very few 

females smoke; about 1 in 6 Americans smoke and the gender gap is relatively small. 

 In the U.S., household income is thought to be a good measure of resources and we use the 

ln(income per capita), lnPCY, for the models with the NHANES data. In low-income countries, income 

fluctuates substantially over time and consumption is thought to be a better measure of resource 

availability. STAR therefore collects detailed information on household consumption which cover 

expenditures and the imputed value of own production and, combining the two, we construct ln(per capita 

household expenditure), lnPCE. They are displayed in USD in Table 1: on average, American households 

have about 30 times as much as Indonesian households. In terms of purchasing power parity, Americans 

spend about 10 times as much as Indonesians. Paralleling these comparisons, Americans have completed 

more education than Indonesians: over half of Americans have some college but only a quarter of 

Indonesians have achieved that level. 

 

4. Results 
 Before turning to comparisons based on multivariable regression models, we compare the 

Indonesian cholesterol profiles for males and females with a series of subsamples of Americans using the 

NHANES data.  

4.1 Comparing cholesterol profiles in Indonesia and the U.S. 

 Rows 1 and 3 of Table 2 repeat the results in Table 1 for Indonesians and Americans, respectively, 

and we also display the gender gaps for each population. The male-female gaps in levels are similar for 

HDL, but reversed for non-HDL cholesterol indicating that, relative to females, American males have 

worse non-HDL but Indonesian males have better non-HDL cholesterol. The same conclusions are drawn 

for HDL and non-HDL cut-offs that indicate elevated risks. Accounting for the different age structure of 

the Indonesian population by re-weighting the Indonesian sample to reflect the NHANES population in 

row 2 of the table, the between-country disparities expand, and the Indonesian gender gap in non-HDL 

cholesterol gets even larger (+2.9mg/dL in the U.S., -7.2mg/dL in Indonesia). 
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 Rows 4 and 5 of Table 2 restrict attention to Asian ethnicity and Asian-immigrant individuals in 

the NHANES population, respectively. HDL cholesterol levels are slightly lower for males and slightly 

higher for females relative to the entire population but remain substantially higher than those measured in 

Indonesia. While the non-HDL cholesterol levels for Asian men living in the U.S. are similar to 

Indonesian men, Indonesian women have much higher non-HDL cholesterol than Asian women in the 

U.S., and the inverted non-HDL cholesterol gender disparity in the Indonesian population is not observed 

among Asian individuals living in the U.S. The non-HDL cholesterol gender difference appears to be 

primarily driven by very high levels of non-HDL cholesterol among Indonesian females.  

 Indonesians are not only younger and of a different ethnicity but, as shown in Table 1, they are 

lower income and have less education. The final two rows of Table 2 restrict attention to Americans with 

low income (i.e. in the bottom tercile of the PCY distribution) in row 6, and lower education (i.e. less than 

a high school diploma) in row 7. Patterns are broadly similar when examining these sub-groups relative to 

all Americans. HDL cholesterol levels among men are still higher in the U.S. than in Indonesia, though 

among women HDL cholesterol levels among the low-income and low-education populations are more 

similar to those in Indonesia. Nonetheless, more men and women in Indonesia fall below the clinically-

relevant low cutoff for HDL than low SES groups in the U.S. With respect to non-HDL cholesterol, levels 

are slightly higher than the rest of the American population but remain substantially lower than among 

Indonesians, and the gender gap is still the opposite sign among low SES Americans when compared to 

Indonesians.  

 Neither adjusting for age differences between Indonesians and Americans, nor focusing on subsets 

such as those of Asian ethnicity and those with less income or education, can explain the differences in 

cholesterols across the populations. Nor can these efforts account for the distinctive gender patterns in 

Indonesia. We turn in the next sub-section to multivariable regression models to further explore the roles 

that observed characteristics play in driving the differences between the U.S. and Indonesian populations. 

4.2 Comparing predictors of cholesterol profiles in Indonesia and the U.S. 

 Estimates of [2] and [3] are reported in Table 3 for HDL cholesterol and in Table 4 for non-HDL 

cholesterol. In each panel, estimates of [2] are reported for Indonesian and American respondents in the 

first two columns and the third column reports the interaction terms in [3] which are the differences 

between the estimates for Indonesians relative to Americans. In that column, the intercept reflects the 

adjusted difference between Americans and Indonesians. The estimates are stratified by gender. In each 

table, panel A reports results for levels of cholesterol and panel B reports results for the cut-off indicating 

elevated risk. All models are estimated using OLS with coefficient estimates reported above standard 

errors; F test statistics for joint significance are reported at the bottom of each column, for all covariates 
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included in the country-specific models and for the joint significance of the differences between those 

coefficients in the third column in each panel. All variance and covariance estimates take into account 

arbitrary heteroscedasticity (Huber, 1967).6  

4.2.1 Age is specified flexibly with indicator variables for each 10y age group in the regression models; 

the excluded group is people aged 30-39y. As shown in panel A of Table 3, among males, HDL tends to 

rise with age for both Indonesians and Americans and the differences in the profiles are not statistically 

significant. The gradients for males translate into significantly lower rates of HDL below the 40mg/dL 

cutoff for older Indonesian males but not for American males which is a reflection of the higher HDL 

levels among Americans (panel B). HDL also rises with age among females and the age gradient is 

steeper among American females so older Indonesian females have lower levels of HDL and are also 

more likely to present with HDL below the 40mg/dL cut-off.  

 A visual summary of the age profiles is provided by Figure 2 which displays bivariable non-

parametric estimates of the relationship between cholesterol and age separately for Indonesian and 

American males and females (Cleveland 1981).7 The estimates include respondents of all ages in the 

samples in contrast with all other analyses which are restricted to those aged 20y and older in order to 

illustrate an important point: at young ages, differences between the groups are very small. Figure 2A 

displays the relationships between HDL cholesterol and age: for children aged <12y, there are no 

differences in HDL between males and females and the HDL differences between Indonesians and 

Americans are small. The gender gaps in both populations emerge around age 15y when males’ HDL 

declines substantially until age 40y in both the U.S. and Indonesia. There is no parallel decline among 

females in either population. Similar patterns are observed in the rates of low HDL (Figure 2C) and rates 

are higher among Indonesians reflecting the entire distribution of HDL is shifted to the left for 

Indonesians relative to Americans.  

 Table 4 reports results for non-HDL cholesterol which increases with age for all Indonesians, 

especially females, before declining slightly at the oldest ages. Among Americans, it rises among young 

males and females and then declines significantly at older ages, particularly among American males 

(panel A). As a result, there are large differences in the gradients for Indonesian males relative to 

Americans but no differences between American and Indonesian females. These patterns in non-HDL 

cholesterol are not straightforward to interpret since over 15% of Americans are on cholesterol-lowering 

                                                 
6 We have investigated the importance of clustered standard errors at the primary sampling unit in the NHANES and at the 
community of residence at the baseline in STAR. None of our substantive conclusions is changed: standard error estimates are 
very similar to those reported in our tables, suggesting a relatively small role for within-cluster correlated errors in these 
analyses. 
7 The estimates are LOWESS (Cleveland, 1979) with bandwidths spanning 25% of the data. 
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medications whereas <0.5% of Indonesians report medication use. In panel B of the table, we report the 

probability a respondent presents with high non-HDL cholesterol (>190mg/dL) or reports using 

medication. These rates rise dramatically with age for all Americans which, comparing the gradients with 

measured non-HDL, reflects the role of medication. The rates also increase for Indonesian females, but 

are much lower than for U.S. females. Rates do not rise with age for Indonesian males. As a result, there 

are large and significant differences in the gradients for older Americans (age>50y) relative to 

Indonesians. These patterns are visually summarized in panels B and D of Figure 2 which underscores the 

very high levels of non-HDL cholesterol among older Indonesians, relative to Americans, but the much 

higher rates of elevated non-HDL or medication among older Americans. The high levels of non-HDL 

cholesterol that are untreated in the Indonesian population is an important concern that has implications 

for the future trajectory of cardiovascular disease, population health and health care costs.  

4.2.2 Anthropometry and physical activity The models include three anthropometric measures, BMI, 

waist circumference and height, along with self-reported hours of physical activity. Holding height 

constant, variation in BMI largely reflects variation in weight and holding both constant, waist 

circumference is indicative of visceral fat.  

 HDL declines with BMI and waist circumference for both American and Indonesian males at 

about the same rate; both are also significant predictors of higher rates of low HDL. The patterns for 

females are different. Among Indonesian females, HDL declines significantly as BMI increases, but not 

as waist circumference increases, and among American females waist circumference is a significant 

predictor of HDL but BMI is not. The differences in these gradients between American and Indonesian 

females are significant. Parallel patterns are apparent for the probability that HDL is low.8 Height is a 

significant predictor but only for American females and only for the probability that HDL is below the 

cut-off.  

 Abdominal fat is important for non-HDL cholesterol which increases significantly with waist 

circumference for all four populations. The estimates are the same for Indonesians and Americans but 

they are much larger for females in both populations. The estimates are also positive for high non-HDL 

but there is no difference between males and females. The relationships with BMI are more nuanced, with 

BMI being a significant positive predictor of non-HDL among Indonesian males but a negative predictor 

for American females; the latter is not entirely driven by higher medication use among heavier American 

females as the association is also negative for high non-HDL (and medication use) although that estimate 

                                                 
8 Taken together, BMI and waist circumference are jointly significant in all of the gender- and country-specific models of 
cholesterol levels (p-values< 0.01).  
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is not statistically significant. Among males, height is protective for both Americans and Indonesians but 

there is no link with height among females.   

 The distinct patterns of the relationships of cholesterol with BMI and waist circumference across 

the Indonesian and U.S. populations suggest that the markers have different interpretations for 

cardiovascular disease risks in the two contexts. Since Indonesians are lighter, given height, and have 

smaller waist circumferences, the different patterns may reflect differences in levels of the anthropometric 

measures across the populations and non-linear relationships between cholesterol and anthropometry. 

That does not appear to be the case. For example, Figure 3 displays non-parametric estimates of the 

relationship between the cholesterol markers and BMI for each sample. There is considerable overlap in 

the distributions of BMI and the relationships are roughly linear. HDL cholesterol levels are higher for 

Indonesian males and females, relative to Americans, across the entire BMI distribution. Non-HDL 

cholesterol is more complicated to interpret as the levels are higher among Indonesians but that may be 

because medication rises with BMI among Americans and so the probability that non-HDL is high or the 

respondent is on medication is essentially the same for all four groups, conditional on BMI. 

 Conditional on these anthropometric measures, physical activity is not a significant predictor of 

either cholesterol for females. Among American males, those who participate in more physical activity 

have significantly higher HDL and lower non-HDL (which is only significant at 10%). Relative to 

Americans, Indonesian males are far more active and those who are more physically active have 

significantly lower non-HDL cholesterol but there is no significant relationship with HDL. 

4.2.3 Smoking is of particular interest because it has been consistently linked to adverse cholesterol 

biomarkers. Over two-thirds of Indonesian males smoke – which is much higher than rates among 

American males and females – while almost no Indonesian females smoke. Americans who smoke have 

lower HDL and higher non-HDL; the effect sizes are over three times larger for females and significant. 

Among Indonesian males, smoking is significantly associated with lower HDL and higher rates of low 

HDL but is not related to non-HDL cholesterol.  

4.2.4 Socioeconomic characteristics and medication use To take into account variation in socioeconomic 

characteristics, the models include completed education and measures of household resources – lnPCE for 

Indonesia and lnPCY for the U.S. Education is not related to any of the cholesterol indicators in any of the 

populations. Household resources are associated with better cholesterol outcomes for Americans with the 

effect sizes typically being substantially larger for males than females but there are no links for 

Indonesians. For both education and resources, there are no significant differences in the gradients 

between the two countries which is remarkable given the very large differences in levels of 
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socioeconomic status.9 Finally, Americans on medication have far lower levels of non-HDL but HDL is 

unaffected; both of these results are expected. The very low rates of medication in Indonesia preclude 

providing informative estimates of those relationships.  

4.2.5 Joint significance of covariates The F test statistics at the bottom of each country-specific model 

establish that, taken together, the covariates are significant predictors of each cholesterol marker. The F 

test statistics at the bottom of the difference columns establish that the differences are also jointly 

significant in every model. We turn next to investigate the specific factors that underlie the differences 

across the countries and then explore the differences between males and females in Indonesia.  

4.3 Differences across countries 

 Table 5 investigates the differences in HDL and non-HDL cholesterol between the two countries 

separately for males and females. Evidence for HDL cholesterol is reported in panel A, for levels and low 

HDL. The upper panel documents how the gap between Indonesians and Americans varies as we add 

regression controls. The first row displays the large unadjusted differences for both males and females, 

which shrink by about 10 percent for HDL and by about 5 percent for HDL<40mg/dL after adjusting for 

age. The key point, however, is that the adjusted gaps are larger than the unadjusted gaps after taking into 

account differences in BMI, education, smoking and medication use, all of which have been shown to be 

predictive of cholesterol.  

 This is explored further in the lower panel of the table which reports Blinder-Oaxaca 

decompositions that separate, for each covariate, the part that can be attributed to differences in the 

observed characteristic, given the U.S. coefficient estimates (explained part) and the part that is 

attributable to differences in coefficient estimates across the two countries (unexplained part) . BMI, 

smoking and medication use play a dominant role in both the explained and unexplained components. 

Moreover, the explained and unexplained decompositions are typically in opposite directions suggesting 

that the underlying production functions may be different in the populations. 

 Evidence for non-HDL cholesterol is displayed in panel B of the table. Indonesians have higher 

levels of non-HDL than Americans. Adjusting for age increases the gaps in levels and including all the 

controls increases the gaps even further so they are about 50 percent larger than the unadjusted gaps. The 

Blinder-Oaxaca decompositions indicate that BMI plays a dominant role in both the explained and 

unexplained although age, education and medication use are also important.  

 In contrast, Indonesians are far less likely to present with high non-HDL cholesterol or be on 

medication because medication use is much higher among Americans. Adjusting for characteristics, the 
                                                 
9 Replacing lnPCE with lnPCY in the Indonesian sample does not affect this conclusion. Adjusting for purchasing power parity 
only affects the intercept in the models. 
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gaps are reduced to less than one-third of the unadjusted gaps and are not significant for females. The 

Blinder-Oaxaca decompositions indicate differences in BMI across the populations are dominant in the 

explained differences and age is a major factor in the unexplained differences.  

4.4 Differences between male and female Indonesians 

 As discussed above, and shown in Table 2, Indonesian and American males have substantially and 

significantly lower HDL cholesterol relative to females. The gap is about 10mg/dL which translates into 

much higher rates of low HDL among males. These differences between males and females in the two 

populations are repeated in the first two rows of the left-hand panel of Table 6. In sharp contrast, as 

shown in the right-hand panel, relative to females, American males have higher levels of non-HDL 

cholesterol but in Indonesia this pattern is reversed with males having lower non-HDL cholesterol than 

females. To investigate this inverted cholesterol epidemiology in Indonesia relative to the U.S., we delve 

further into the gender differences in Indonesia by exploiting the fact that data are collected from multiple 

people within households (Frankenberg et al. 2016; Moghani Lankarani et al. 2017; Vogel et al. 2021).  

 These differences may reflect unobserved factors that influence blood lipids including, for 

example, diet (which is not measured in the survey) and, relatedly, individual-specific resource allocation. 

For example, the empirical models described above take into account individual-level anthropometry, 

physical activity, and education, which are likely to be related to diet and individual-level resources, as 

well as household-level resources. Those resources may be allocated differently by gender reflecting, for 

example, cultural norms, individual-specific needs and possibly returns to the allocation in terms of 

greater earnings by the individual. The allocations may also reflect differences in bargaining power within 

the household. to (Haddad, Hoddinott, and Alderman 1997; Hoddinott and Haddad 1995; Strauss and 

Thomas 1995; Thomas 1990). These forces may play a unique role in determining differences in the non-

HDL gender epidemiology in Indonesia. 

 Results from estimating model [4], including household fixed effects, are reported in the rest of 

Table 6. Variance and covariance estimates take into account heteroscedasticity and clustering within 

households. Results that only adjust for the household are reported in panel B.2. The gender gaps in HDL 

are little changed. However, the non-HDL gaps are essentially reduced to zero. In panel B.3, the model 

includes all individual-specific covariates along with all individual- and household-specific covariates 

interacted with gender. Again, the gender gaps in HDL are little changed but the gaps for non-HDL 

become large and positive, reversing the signs of the unadjusted gaps. The gap for non-HDL levels is far 

larger than the gap in the U.S. and the gap for elevated non-HDL (or medication) is very similar to the 

U.S. gap. These results indicate that the gender gaps in HDL are likely to reflect biological differences 

across the genders but the gaps in non-HDL cholesterol also reflect differences in behaviors and resource 
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allocation within households in Indonesia.10 The results suggest there are important differences between 

Indonesia and the U.S., particularly with regards to gender roles, related to unmeasured behavioral, 

socioeconomic and environmental factors – and in all likelihood, interactions between the three. 

 

5. Conclusion 
 Indonesians present with adverse lipid profiles, relative to Americans: both male and female 

Indonesians have lower levels of HDL cholesterol and higher levels of non-HDL cholesterol than male 

and female Americans, respectively. This is surprising since the Indonesian population is younger, has 

lower BMI and less visceral fat, which are three major correlates of adverse cholesterol levels. 

Furthermore, American females have better non-HDL cholesterol profiles than American males but in 

Indonesia this gender difference is inverted. 

 Controlling for age, body composition, health behaviors, and socioeconomic factors, we are 

unable to explain the between-country differences in HDL cholesterol, though for non-HDL risk measures 

that account for medication use, we are able to substantially attenuate between-country disparities, 

suggesting an important role for these factors in between-country disparities. Overall, the findings suggest 

different production functions for HDL and non-HDL cholesterol as components of cardiovascular risk, 

and underscore important questions about the production of cardiovascular risk with respect to gender, 

age and body composition. 

 Adverse levels of HDL cholesterol among Indonesians remain largely unexplained, suggesting 

that poor HDL among Indonesians is potentially a function of unmeasured genetics, behavior, and 

environment. HDL levels among Indonesians are worse at every BMI and age level, and the shapes of the 

production function with age and BMI are likely different relative to the patterns for Americans. This 

suggests a role for factors not included in the models that have an important impact on HDL cholesterol, 

that differ substantially across the two populations and that also differ by gender within Indonesia. 

Genetic factors and early life exposures are unlikely to fully explain these results because they are shared 

by males and females in Indonesia. Gender-specific differences in, for example, background inflammation 

may be implicated. 

                                                 
10 We have experimented with including a potential measure of relative bargaining power within a household. Specifically, 
being better educated than one’s spouse should not affect cholesterol directly through the health production function or budget 
constraint under the assumptions of a unitary model of decision-making; it may, however, affect leverage over resource 
allocations within the household. We find that a male who is better educated than his spouse has a higher HDL level and is less 
likely to present with low HDL; the latter difference is large in magnitude (12.3 percentage points) and statistically significant. 
Non-HDL is not similarly affected for males. There is no evidence that any of the cholesterol indicators varies depending on 
whether a female is better educated than her spouse. We conclude there is some evidence that within household bargaining 
power may be implicated in explaining the gender difference in HDL cholesterol, especially among those with levels of HDL 
below the cut-off that indicates elevated cardiovascular risk.  
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 For non-HDL cholesterol, when accounting for the potential role of lipid-lowering drugs like 

statins, we are able to explain much of the cross-country gaps, suggesting potentially more similarity in 

the production of non-HDL cholesterol than blood non-HDL levels indicate. To some extent, this may 

also explain steeper gradients of BMI with non-HDL cholesterol in Indonesia compared with the U.S. 

However, the inverted gender gaps in Indonesia and the U.S. remained unexplained. Leveraging detailed 

household data, we are able to reconcile this inverted pattern as attributable in large part to unmeasured 

household factors.  

 Whereas relationships between gender, age, body composition and blood lipids in Indonesia are 

distinctive and unique, the gradients in education and socioeconomic status are broadly similar between 

countries. While gender differences in socioeconomic gradients have been previously documented, they 

do not appear to be a core driver of outcomes differences across countries in this study (Kavanagh et al. 

2010; Murasko 2008).  

 Several important epidemiological and clinical considerations emerge from this work and make 

the Indonesian context distinctive. While other countries in Asia have been documented to have lower 

HDL cholesterol levels than those in the U.S., those countries also have lower non-HDL cholesterol 

levels, so the net effect on cardiovascular disease risk is unclear (Patel et al. 2006). In contrast, our data 

from Indonesia shows both lower HDL cholesterol and higher total cholesterol.  

 Further, while medication for lowering non-HDL cholesterol is commonly used in the U.S., it is 

nearly nonexistent in Indonesia. As a result, some of the results from the outcome that includes either high 

non-HDL cholesterol or medication use do not parallel the results from direct measures of non-HDL 

cholesterol. While accounting for the role of these medications helps reconcile some of the potential 

differences in the biology of non-HDL cholesterol across contexts, the high levels of risk in Indonesia 

without medication reinforce the need for additional access to cholesterol-controlling medications in 

Indonesia. 

 To our knowledge, this study is unique in its investigation of the role of age, body composition, 

gender, and socioeconomic status in explaining the disparities seen between a low-resource setting and 

the U.S. The results contribute to a growing literature documenting adverse HDL and non-HDL 

cholesterol levels in South Asians and Southeast Asians living in Asia and the U.S. (Frank Ariel T.H. et 

al. 2014; Hussain et al. 2016; Kolluri et al. 2009). Previous literature has suggested that children in South 

Asia have higher BMI-adjusted blood pressure levels than children in the U.S. (Jafar Tazeen H. et al. 

2005). In our study of Southeast Asian adults, adjusting for a rich array of factors, we find evidence 

suggesting higher-than-expected cardiovascular disease risk with respect to HDL, but we are able to 

explain the majority of differences in non-HDL by accounting for medication use. An improved 
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understanding of the etiology of these disparate patterns may provide important information on addressing 

high cholesterol risks in Indonesia, as well as the role of anthropometric and socioeconomic factors 

around the world. 

  



23 
 

 
References 
 
Aizawa, Toshiaki, and Matthias Helble. 2017. “Socioeconomic Inequality in Excessive Body Weight in 

Indonesia.” Economics & Human Biology 27:315–27. doi: 10.1016/j.ehb.2017.09.005. 

Albert, Michelle A., Robert J. Glynn, Francisco A. H. Fonseca, Alberto J. Lorenzatti, Keith C. Ferdinand, 
Jean G. MacFadyen, and Paul M. Ridker. 2011. “Race, Ethnicity, and the Efficacy of Rosuvastatin 
in Primary Prevention: The Justification for the Use of Statins in Prevention: An Intervention Trial 
Evaluating Rosuvastatin (JUPITER) Trial.” American Heart Journal 162(1):106-114.e2. doi: 
10.1016/j.ahj.2011.03.032. 

Anderson, Keaven M., William P. Castelli, and Daniel Levy. 1987. “Cholesterol and Mortality: 30 Years 
of Follow-up From the Framingham Study.” JAMA 257(16):2176–80. doi: 
10.1001/jama.1987.03390160062027. 

Asia Pacific Cohort Studies Collaboration. 2003. “Cholesterol, Coronary Heart Disease, and Stroke in the 
Asia Pacific Region.” International Journal of Epidemiology 32(4):563–72. doi: 
10.1093/ije/dyg106. 

Assari, Shervin. 2014. “Cross-Country Variation in Additive Effects of Socio-Economics, Health 
Behaviors, and Comorbidities on Subjective Health of Patients with Diabetes.” Journal of 
Diabetes and Metabolic Disorders 13(1):36. doi: 10.1186/2251-6581-13-36. 

Auley, Mark Tomás Mc. 2020. “Effects of Obesity on Cholesterol Metabolism and Its Implications for 
Healthy Ageing.” Nutrition Research Reviews 33(1):121–33. doi: 10.1017/S0954422419000258. 

Bagatell, Carrie J., Robert H. Knopp, Wylie W. Vale, Jean E. Rivier, and William J. Bremner. 1992. 
“Physiologic Testosterone Levels in Normal Men Suppress High-Density Lipoprotein Cholesterol 
Levels.” Annals of Internal Medicine 116(12_Part_1):967–73. doi: 10.7326/0003-4819-116-12-
967. 

Barter, P. J., and K. A. Rye. 1996. “High Density Lipoproteins and Coronary Heart Disease.” 
Atherosclerosis 121(1):1–12. doi: 10.1016/0021-9150(95)05675-0. 

Barter, Philip J., Gunnar Brandrup-Wognsen, Mike K. Palmer, and Stephen J. Nicholls. 2010. “Effect of 
Statins on HDL-C: A Complex Process Unrelated to Changes in LDL-C: Analysis of the 
VOYAGER Database.” Journal of Lipid Research 51(6):1546–53. doi: 10.1194/jlr.P002816. 

Blinder, Alan S. 1973. “Wage Discrimination: Reduced Form and Structural Estimates.” The Journal of 
Human Resources 8(4):436–55. doi: 10.2307/144855. 

Caldwell, Madison, Lisa Martinez, Jennifer G. Foster, Dawn Sherling, and Charles H. Hennekens. 2019. 
“Prospects for the Primary Prevention of Myocardial Infarction and Stroke.” Journal of 
Cardiovascular Pharmacology and Therapeutics 24(3):207–14. doi: 10.1177/1074248418817344. 

Campbell, Sara Chelland, Robert J. Moffatt, and Bryant A. Stamford. 2008. “Smoking and Smoking 
Cessation—The Relationship between Cardiovascular Disease and Lipoprotein Metabolism: A 
Review.” Atherosclerosis 201(2):225–35. doi: 10.1016/j.atherosclerosis.2008.04.046. 



24 
 

Castelli, William P., Robert J. Garrison, Peter W. F. Wilson, Robert D. Abbott, Sona Kalousdian, and 
William B. Kannel. 1986. “Incidence of Coronary Heart Disease and Lipoprotein Cholesterol 
Levels: The Framingham Study.” JAMA 256(20):2835–38. doi: 
10.1001/jama.1986.03380200073024. 

Cleveland, William S. 1981. “LOWESS: A Program for Smoothing Scatterplots by Robust Locally 
Weighted Regression.” The American Statistician 35(1):54–54. doi: 10.2307/2683591. 

Cooney, M. T., A. Dudina, D. De Bacquer, L. Wilhelmsen, S. Sans, A. Menotti, G. De Backer, P. 
Jousilahti, U. Keil, T. Thomsen, P. Whincup, and I. M. Graham. 2009. “HDL Cholesterol Protects 
against Cardiovascular Disease in Both Genders, at All Ages and at All Levels of Risk.” 
Atherosclerosis 206(2):611–16. doi: 10.1016/j.atherosclerosis.2009.02.041. 

Cui, Yadong, Roger S. Blumenthal, Jodi A. Flaws, Maura K. Whiteman, Patricia Langenberg, Paul S. 
Bachorik, and Trudy L. Bush. 2001. “Non–High-Density Lipoprotein Cholesterol Level as a 
Predictor of Cardiovascular Disease Mortality.” Archives of Internal Medicine 161(11):1413–19. 
doi: 10.1001/archinte.161.11.1413. 

Ferreira, Carlos Eduardo dos Santos, Carolina Nunes França, Cassyano Januário Correr, Márcia L. 
Zucker, Adagmar Andriolo, and Marileia Scartezini. 2015. “Clinical Correlation between a Point-
of-Care Testing System and Laboratory Automation for Lipid Profile.” Clinica Chimica Acta 
446:263–66. doi: 10.1016/j.cca.2015.04.036. 

Frank Ariel T.H., Zhao Beinan, Jose Powell O., Azar Kristen M.J., Fortmann Stephen P., and Palaniappan 
Latha P. 2014. “Racial/Ethnic Differences in Dyslipidemia Patterns.” Circulation 129(5):570–79. 
doi: 10.1161/CIRCULATIONAHA.113.005757. 

Frankenberg, Elizabeth, Jessica Y. Ho, and Duncan Thomas. 2016. “Biological Health Risks and 
Economic Development.” in Oxford Handbook of Economics and Human Biology, edited by J. 
Komlos and I. R. Kelly. Oxford University Press. 

Gao, Y., C. G. Zhu, N. Q. Wu, Y. L. Guo, G. Liu, Q. Dong, and J. J. Li. 2016. “Study on the reliability of 
CardioChek PA for measuring lipid profile.” Journal of Peking University Health sciences 
48(3):523–28. 

Gaziano, Thomas A., Shafika Abrahams-Gessel, F. Xavier Gomez-Olive, Alisha Wade, Nigel J. 
Crowther, Sartaj Alam, Jennifer Manne-Goehler, Chodziwadziwa W. Kabudula, Ryan Wagner, 
Julia Rohr, Livia Montana, Kathleen Kahn, Till W. Bärnighausen, Lisa F. Berkman, and Stephen 
Tollman. 2017. “Cardiometabolic Risk in a Population of Older Adults with Multiple Co-
Morbidities in Rural South Africa: The HAALSI (Health and Aging in Africa: Longitudinal 
Studies of INDEPTH Communities) Study.” BMC Public Health 17(1):206. doi: 10.1186/s12889-
017-4117-y. 

Godoy, Ricardo, Elizabeth Goodman, Clarence Gravlee, Richard Levins, Craig Seyfried, Mariana Caram, 
and Naveen Jha. 2007. “Blood Pressure and Hypertension in an American Colony (Puerto Rico) 
and on the USA Mainland Compared, 1886–1930.” Economics & Human Biology 5(2):255–79. 
doi: 10.1016/j.ehb.2007.03.002. 

Gordon, D. J., and B. M. Rifkind. 1989. “High-Density Lipoprotein--the Clinical Implications of Recent 
Studies.” The New England Journal of Medicine 321(19):1311–16. doi: 
10.1056/NEJM198911093211907. 



25 
 

Goryakin, Yevgeniy, Lorenzo Rocco, and Marc Suhrcke. 2017. “The Contribution of Urbanization to 
Non-Communicable Diseases: Evidence from 173 Countries from 1980 to 2008.” Economics & 
Human Biology 26:151–63. doi: 10.1016/j.ehb.2017.03.004. 

Haddad, Lawrence, John Hoddinott, and Harold Alderman. 1997. “Intrahousehold Resource Allocation in 
Developing Countries: Models, Methods and Policies.” 

Haskell, WL, HL Taylor, PD Wood, H. Schrott, and G. Heiss. 1980. “Strenuous Physical Activity, 
Treadmill Exercise Test Performance and Plasma High-Density Lipoprotein Cholesterol. The 
Lipid Research Clinics Program Prevalence Study.” Circulation 62(4 Pt 2):IV53-61. 

Herningtyas, Elizabeth Henny, and Tian Sheng Ng. 2019. “Prevalence and Distribution of Metabolic 
Syndrome and Its Components among Provinces and Ethnic Groups in Indonesia.” BMC Public 
Health 19(1):377. doi: 10.1186/s12889-019-6711-7. 

Hoddinott, John, and Lawrence Haddad. 1995. “Does Female Income Share Influence Household 
Expenditures? Evidence from Côte D’ivoire.” Oxford Bulletin of Economics and Statistics 
57(1):77–96. doi: 10.1111/j.1468-0084.1995.tb00028.x. 

Hussain, Mohammad Akhtar, Abdullah Al Mamun, Sanne AE Peters, Mark Woodward, and Rachel R. 
Huxley. 2016. “The Burden of Cardiovascular Disease Attributable to Major Modifiable Risk 
Factors in Indonesia.” Journal of Epidemiology advpub. doi: 10.2188/jea.JE20150178. 

Jafar Tazeen H., Islam Muhammad, Poulter Neil, Hatcher Juanita, Schmid Christopher H., Levey Andrew 
S., and Chaturvedi Nish. 2005. “Children in South Asia Have Higher Body Mass–Adjusted Blood 
Pressure Levels Than White Children in the United States.” Circulation 111(10):1291–97. doi: 
10.1161/01.CIR.0000157699.87728.F1. 

Jose, Powell O., Ariel T. H. Frank, Kristopher I. Kapphahn, Benjamin A. Goldstein, Karen Eggleston, 
Katherine G. Hastings, Mark R. Cullen, and Latha P. Palaniappan. 2014. “Cardiovascular Disease 
Mortality in Asian Americans.” Journal of the American College of Cardiology 64(23):2486–94. 
doi: 10.1016/j.jacc.2014.08.048. 

Kavanagh, Anne, Rebecca J. Bentley, Gavin Turrell, Jonathan Shaw, David Dunstan, and S. V. 
Subramanian. 2010. “Socioeconomic Position, Gender, Health Behaviours and Biomarkers 
of Cardiovascular Disease and Diabetes.” Social Science & Medicine 71(6):1150–60. doi: 
10.1016/j.socscimed.2010.05.038. 

Klarin, Derek, Scott M. Damrauer, Kelly Cho, Yan V. Sun, Tanya M. Teslovich, Jacqueline Honerlaw, 
David R. Gagnon, Scott L. DuVall, Jin Li, Gina M. Peloso, Mark Chaffin, Aeron M. Small, Jie 
Huang, Hua Tang, Julie A. Lynch, Yuk-Lam Ho, Dajiang J. Liu, Connor A. Emdin, Alexander H. 
Li, Jennifer E. Huffman, Jennifer S. Lee, Pradeep Natarajan, Rajiv Chowdhury, Danish Saleheen, 
Marijana Vujkovic, Aris Baras, Saiju Pyarajan, Emanuele Di Angelantonio, Benjamin M. Neale, 
Aliya Naheed, Amit V. Khera, John Danesh, Kyong-Mi Chang, Gonçalo Abecasis, Cristen Willer, 
Frederick E. Dewey, David J. Carey, John Concato, J. Michael Gaziano, Christopher J. 
O’Donnell, Philip S. Tsao, Sekar Kathiresan, Daniel J. Rader, Peter W. F. Wilson, and 
Themistocles L. Assimes. 2018. “Genetics of Blood Lipids among ~300,000 Multi-Ethnic 
Participants of the Million Veteran Program.” Nature Genetics 50(11):1514–23. doi: 
10.1038/s41588-018-0222-9. 



26 
 

Klop, Boudewijn, Jan Willem F. Elte, and Manuel Castro Cabezas. 2013. “Dyslipidemia in Obesity: 
Mechanisms and Potential Targets.” Nutrients 5(4):1218–40. doi: 10.3390/nu5041218. 

Kolluri, Raghu, Daryl Pinedo, Ardis Edmondson-Holt, Kanny S. Grewal, and James M. Falko. 2009. 
“Dyslipidemia in South Asians Living in a Western Community.” Journal of Clinical Lipidology 
3(1):14–18. doi: 10.1016/j.jacl.2008.12.002. 

Kreisberg, Robert A., and Sidika Kasim. 1987. “Cholesterol Metabolism and Aging.” The American 
Journal of Medicine 82(1, Supplement 2):54–60. doi: 10.1016/0002-9343(87)90272-5. 

Kushiro, Toshio, Kyoichi Mizuno, Noriaki Nakaya, Yasuo Ohashi, Naoko Tajima, Tamio Teramoto, 
Shinichiro Uchiyama, and Haruo Nakamura. 2009. “Pravastatin for Cardiovascular Event Primary 
Prevention in Patients With Mild-to-Moderate Hypertension in the Management of Elevated 
Cholesterol in the Primary Prevention Group of Adult Japanese (MEGA) Study.” Hypertension 
53(2):135–41. doi: 10.1161/HYPERTENSIONAHA.108.120584. 

Kuzawa, Christopher W., Tyler M. Barrett, Judith B. Borja, Nanette R. Lee, Celine T. Aquino, Linda S. 
Adair, and Thomas W. McDade. 2019. “Ankle Brachial Index (ABI) in a Cohort of Older Women 
in the Philippines: Prevalence of Peripheral Artery Disease and Predictors of ABI.” American 
Journal of Human Biology 31(3):e23237. doi: 10.1002/ajhb.23237. 

Le-Ha, Chi, Lawrence J. Beilin, Sally Burrows, Rae-Chi Huang, Wendy H. Oddy, Beth Hands, and 
Trevor A. Mori. 2013. “Gender Difference in the Relationship between Passive Smoking 
Exposure and HDL-Cholesterol Levels in Late Adolescence.” The Journal of Clinical 
Endocrinology & Metabolism 98(5):2126–35. doi: 10.1210/jc.2013-1016. 

Lew, Jeanney, Monika Sanghavi, R. Ayers Colby, K. Darren McGuire, Torbjørn Omland, Dorothee 
Atzler, O. Gore Maria, Ian Neeland, D. Berry Jarett, Amit Khera, Anand Rohatgi, and A. de 
Lemos James. 2017. “Sex-Based Differences in Cardiometabolic Biomarkers.” Circulation 
135(6):544–55. doi: 10.1161/CIRCULATIONAHA.116.023005. 

Linton, MacRae F., Patricia G. Yancey, Sean S. Davies, W. Gray Jerome, Edward F. Linton, Wenliang L. 
Song, Amanda C. Doran, and Kasey C. Vickers. 2000. “The Role of Lipids and Lipoproteins in 
Atherosclerosis.” in Endotext, edited by K. R. Feingold, B. Anawalt, M. R. Blackman, A. Boyce, 
G. Chrousos, E. Corpas, W. W. de Herder, K. Dhatariya, K. Dungan, J. Hofland, S. Kalra, G. 
Kaltsas, N. Kapoor, C. Koch, P. Kopp, M. Korbonits, C. S. Kovacs, W. Kuohung, B. Laferrère, M. 
Levy, E. A. McGee, R. McLachlan, M. New, J. Purnell, R. Sahay, A. S. Shah, F. Singer, M. A. 
Sperling, C. A. Stratakis, D. L. Trence, and D. P. Wilson. South Dartmouth (MA): MDText.com, 
Inc. 

Maeda, Kenji, Yoshinori Noguchi, and Tsuguya Fukui. 2003. “The Effects of Cessation from Cigarette 
Smoking on the Lipid and Lipoprotein Profiles: A Meta-Analysis.” Preventive Medicine 
37(4):283–90. doi: 10.1016/S0091-7435(03)00110-5. 

Mishra, Vinod, Praween Agrawal, Fred Arnold, and Rathavuth Hong. 2009. “Effects of Obesity on the 
Markers of Cardiovascular Disease in Tashkent City, Uzbekistan: Evidence from a Population-
Based Health Examination Survey.” DHS Working Papers (2009 No. 65). 

Moghani Lankarani, Maryam, Sureel Shah, and Shervin Assari. 2017. “Gender Differences in 
Vulnerability to Socioeconomic Status on Self-Rated Health in 15 Countries.” Women’s Health 
Bulletin 4(3):1–8. doi: 10.5812/whb.45280. 



27 
 

Murasko, Jason E. 2008. “Male–Female Differences in the Association between Socioeconomic Status 
and Atherosclerotic Risk in Adolescents.” Social Science & Medicine 67(11):1889–97. doi: 
10.1016/j.socscimed.2008.09.018. 

Muscat, Joshua E., Randall E. Harris, Nancy J. Haley, and Ernst L. Wynder. 1991. “Cigarette Smoking 
and Plasma Cholesterol.” American Heart Journal 121(1, Part 1):141–47. doi: 10.1016/0002-
8703(91)90967-M. 

National Cholesterol Education Program (NCEP) Expert Panel (Adult Treatment Panel III). 2002. “Third 
Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) Final 
Report.” Circulation 106(25):3143–3421. 

Oaxaca, Ronald. 1973. “Male-Female Wage Differentials in Urban Labor Markets.” International 
Economic Review 14(3):693–709. doi: 10.2307/2525981. 

Park, Paul H., Patrick Chege, Isabel C. Hagedorn, Arthur Kwena, Gerald S. Bloomfield, and Sonak D. 
Pastakia. 2016. “Assessing the accuracy of a point-of-care analyzer for hyperlipidaemia in western 
Kenya.” Tropical Medicine & International Health 21(3):437–44. doi: 10.1111/tmi.12653. 

Patel, A., K. C. Huang, E. D. Janus, T. Gill, B. Neal, P. Suriyawongpaisal, E. Wong, M. Woodward, and 
R. P. Stolk. 2006. “Is a Single Definition of the Metabolic Syndrome Appropriate?—A 
Comparative Study of the USA and Asia.” Atherosclerosis 184(1):225–32. doi: 
10.1016/j.atherosclerosis.2005.04.012. 

Pischon, T., H. Boeing, K. Hoffmann, M. Bergmann, M. B. Schulze, K. Overvad, Y. T. van der Schouw, 
E. Spencer, K. G. M. Moons, A. Tjønneland, J. Halkjaer, M. K. Jensen, J. Stegger, F. Clavel-
Chapelon, M. C. Boutron-Ruault, V. Chajes, J. Linseisen, R. Kaaks, A. Trichopoulou, D. 
Trichopoulos, C. Bamia, S. Sieri, D. Palli, R. Tumino, P. Vineis, S. Panico, P. H. M. Peeters, A. 
M. May, H. B. Bueno-de-Mesquita, F. J. B. van Duijnhoven, G. Hallmans, L. Weinehall, J. 
Manjer, B. Hedblad, E. Lund, A. Agudo, L. Arriola, A. Barricarte, C. Navarro, C. Martinez, J. R. 
Quirós, T. Key, S. Bingham, K. T. Khaw, P. Boffetta, M. Jenab, P. Ferrari, and E. Riboli. 2008. 
“General and Abdominal Adiposity and Risk of Death in Europe.” New England Journal of 
Medicine 359(20):2105–20. doi: 10.1056/NEJMoa0801891. 

Pollak, Robert A. 1969. “Conditional Demand Functions and Consumption Theory.” Quarterly Journal of 
Economics 83(1):60–78. doi: 10.2307/1883993. 

Popkin, Barry M. 2001. “The Nutrition Transition and Obesity in the Developing World.” The Journal of 
Nutrition 131(3):871S-873S. doi: 10.1093/jn/131.3.871S. 

Rahkovsky, Ilya, and Christian A. Gregory. 2013. “Food Prices and Blood Cholesterol.” Economics & 
Human Biology 11(1):95–107. doi: 10.1016/j.ehb.2012.01.004. 

Rashad, Inas. 2008. “Height, Health, and Income in the US, 1984–2005.” Economics & Human Biology 
6(1):108–26. doi: 10.1016/j.ehb.2007.10.002. 

Ross, Robert, Ian J. Neeland, Shizuya Yamashita, Iris Shai, Jaap Seidell, Paolo Magni, Raul D. Santos, 
Benoit Arsenault, Ada Cuevas, Frank B. Hu, Bruce A. Griffin, Alberto Zambon, Philip Barter, 
Jean-Charles Fruchart, Robert H. Eckel, Yuji Matsuzawa, and Jean-Pierre Després. 2020. “Waist 
Circumference as a Vital Sign in Clinical Practice: A Consensus Statement from the IAS and 



28 
 

ICCR Working Group on Visceral Obesity.” Nature Reviews Endocrinology 16(3):177–89. doi: 
10.1038/s41574-019-0310-7. 

Roth, Gregory A., Mohammad H. Forouzanfar, Andrew E. Moran, Ryan Barber, Grant Nguyen, Valery L. 
Feigin, Mohsen Naghavi, George A. Mensah, and Christopher J. L. Murray. 2015. “Demographic 
and Epidemiologic Drivers of Global Cardiovascular Mortality.” New England Journal of 
Medicine 372(14):1333–41. doi: 10.1056/NEJMoa1406656. 

Roth, Gregory A., George A. Mensah, Catherine O. Johnson, Giovanni Addolorato, Enrico Ammirati, 
Larry M. Baddour, Noël C. Barengo, Andrea Z. Beaton, Emelia J. Benjamin, Catherine P. 
Benziger, Aimé Bonny, Michael Brauer, Marianne Brodmann, Thomas J. Cahill, Jonathan 
Carapetis, Alberico L. Catapano, Sumeet S. Chugh, Leslie T. Cooper, Josef Coresh, Michael 
Criqui, Nicole DeCleene, Kim A. Eagle, -Bell Sophia Emmons, Valery L. Feigin, ández-Solà 
Joaquim Fern, Gerry Fowkes, Emmanuela Gakidou, Scott M. Grundy, Feng J. He, George 
Howard, Frank Hu, Lesley Inker, Ganesan Karthikeyan, Nicholas Kassebaum, Walter Koroshetz, 
Carl Lavie, -Jones Donald Lloyd, Hong S. Lu, Antonio Mirijello, Awoke Misganaw Temesgen, 
Ali Mokdad, Andrew E. Moran, Paul Muntner, Jagat Narula, Bruce Neal, Mpiko Ntsekhe, de 
Oliveira Glaucia Moraes, Catherine Otto, Mayowa Owolabi, Michael Pratt, Sanjay Rajagopalan, 
Marissa Reitsma, Antonio Luiz P. Ribeiro, Nancy Rigotti, Anthony Rodgers, Craig Sable, Saate 
Shakil, -Hahnle Karen Sliwa, Benjamin Stark, öm Johan Sundstr, Patrick Timpel, Imad M. 
Tleyjeh, Marco Valgimigli, Theo Vos, Paul K. Whelton, Magdi Yacoub, Liesl Zuhlke, 
Christopher Murray, Valentin Fuster, null null, Gregory A. Roth, George A. Mensah, Catherine O. 
Johnson, Giovanni Addolorato, Enrico Ammirati, Larry M. Baddour, Noel C. Barengo, Andrea 
Beaton, Emelia J. Benjamin, Catherine P. Benziger, Aime Bonny, Michael Brauer, Marianne 
Brodmann, Thomas J. Cahill, Jonathan R. Carapetis, Alberico L. Catapano, Sumeet Chugh, Leslie 
T. Cooper, Josef Coresh, Michael H. Criqui, Nicole K. DeCleene, Kim A. Eagle, -Bell Sophia 
Emmons, Valery L. Feigin, ández-Sola Joaquim Fern, F. Gerry R. Fowkes, Emmanuela Gakidou, 
Scott M. Grundy, Feng J. He, George Howard, Frank Hu, Lesley Inker, Ganesan Karthikeyan, 
Nicholas J. Kassebaum, Walter J. Koroshetz, Carl Lavie, -Jones Donald Lloyd, Hong S. Lu, 
Antonio Mirijello, Awoke T. Misganaw, Ali H. Mokdad, Andrew E. Moran, Paul Muntner, Jagat 
Narula, Bruce Neal, Mpiko Ntsekhe, Gláucia M. M. Oliveira, Catherine M. Otto, Mayowa O. 
Owolabi, Michael Pratt, Sanjay Rajagopalan, Marissa B. Reitsma, Antonio Luiz P. Ribeiro, Nancy 
A. Rigotti, Anthony Rodgers, Craig A. Sable, Saate S. Shakil, Karen Sliwa, Benjamin A. Stark, 
öm Johan Sundstr, Patrick Timpel, Imad I. Tleyjeh, Marco Valgimigli, Theo Vos, Paul K. 
Whelton, Magdi Yacoub, Liesl J. Zuhlke, -Kangevari Mohsen Abbasi, Alireza Abdi, Aidin Abedi, 
Victor Aboyans, Woldu A. Abrha, -Gharbieh Eman Abu, Abdelrahman I. Abushouk, Dilaram 
Acharya, Tim Adair, Oladimeji M. Adebayo, Zanfina Ademi, Shailesh M. Advani, Khashayar 
Afshari, Ashkan Afshin, Gina Agarwal, Pradyumna Agasthi, Sohail Ahmad, Sepideh Ahmadi, 
Muktar B. Ahmed, Budi Aji, Yonas Akalu, -Sholabi Wuraola Akande, Addis Aklilu, Chisom J. 
Akunna, Fares Alahdab, -Eyadhy Ayman Al, Khalid F. Alhabib, Sheikh M. Alif, Vahid Alipour, 
Syed M. Aljunid, François Alla, -Hashiani Amir Almasi, Sami Almustanyir, -Raddadi Rajaa M. 
Al, Adeladza K. Amegah, Saeed Amini, Arya Aminorroaya, Hubert Amu, Dickson A. Amugsi, 
Robert Ancuceanu, Deanna Anderlini, Tudorel Andrei, Catalina Liliana Andrei, -Moghaddam 
Alireza Ansari, Zelalem A. Anteneh, Ippazio Cosimo Antonazzo, Benny Antony, Razique Anwer, 
Lambert T. Appiah, Jalal Arabloo, öv Johan Ärnl, Kurnia D. Artanti, Zerihun Ataro, Marcel 
Ausloos, -Burgos Leticia Avila, Asma T. Awan, Mamaru A. Awoke, Henok T. Ayele, Muluken A. 
Ayza, Samad Azari, Darshan B. B, Nafiseh Baheiraei, Atif A. Baig, Ahad Bakhtiari, Maciej 
Banach, Palash C. Banik, Emerson A. Baptista, Miguel A. Barboza, Lingkan Barua, Sanjay Basu, 
Neeraj Bedi, éjot Yannick B, Derrick A. Bennett, Isabela M. Bensenor, Adam E. Berman, 
Yihienew M. Bezabih, Akshaya S. Bhagavathula, Sonu Bhaskar, Krittika Bhattacharyya, Ali 



29 
 

Bijani, Boris Bikbov, Mulugeta M. Birhanu, Archith Boloor, Luisa C. Brant, Hermann Brenner, 
Nikolay I. Briko, Zahid A. Butt, dos Santos Florentino Luciano Caetano, Leah E. Cahill, -Hurtado 
Lucero Cahuana, ámera Luis A. C, -Nonato Ismael R. Campos, -Brito Carlos Cantu, Josip Car, 
Juan J. Carrero, Felix Carvalho, ñeda-Orjuela Carlos A. Casta, á-López Ferrán Catal, Ester Cerin, 
Jaykaran Charan, Vijay Kumar Chattu, Simiao Chen, Ken L. Chin, Jee-Young J. Choi, Dinh-Toi 
Chu, Sheng-Chia Chung, Massimo Cirillo, Sean Coffey, Sara Conti, Vera M. Costa, David K. 
Cundiff, Omid Dadras, Baye Dagnew, Xiaochen Dai, Albertino A. M. Damasceno, Lalit Dandona, 
Rakhi Dandona, Kairat Davletov, la Cruz-Góngora Vanessa De, la Hoz Fernando P. De, Neve Jan-
Walter De, -Gutiérrez Edgar Denova, Molla Meseret Derbew, Behailu T. Derseh, Rupak Desai, 
Günther Deuschl, Samath D. Dharmaratne, Meghnath Dhimal, Raja Ram Dhungana, Mostafa 
Dianatinasab, Daniel Diaz, Shirin Djalalinia, Klara Dokova, Abdel Douiri, Bruce B. Duncan, 
Andre R. Duraes, Arielle W. Eagan, Sanam Ebtehaj, Aziz Eftekhari, Sahar Eftekharzadeh, 
Michael Ekholuenetale, Nahas Nevine El, Islam Y. Elgendy, Muhammed Elhadi, -Jaafary 
Shaimaa I. El, Sadaf Esteghamati, Atkilt E. Etisso, Oghenowede Eyawo, Ibtihal Fadhil, Emerito 
Jose A. Faraon, Pawan S. Faris, Medhat Farwati, Farshad Farzadfar, Eduarda Fernandes, Prendes 
Carlota Fernandez, Pietro Ferrara, Irina Filip, Florian Fischer, David Flood, Takeshi Fukumoto, 
Mohamed M. Gad, Shilpa Gaidhane, Morsaleh Ganji, Jalaj Garg, Abadi K. Gebre, Birhan G. 
Gebregiorgis, Kidane Z. Gebregzabiher, Gebreamlak G. Gebremeskel, Lemma Getacher, Abera 
Getachew Obsa, Alireza Ghajar, Ahmad Ghashghaee, Nermin Ghith, Simona Giampaoli, Syed 
Amir Gilani, Paramjit S. Gill, Richard F. Gillum, Ekaterina V. Glushkova, Elena V. Gnedovskaya, 
Mahaveer Golechha, Kebebe B. Gonfa, Amir Hossein Goudarzian, Alessandra C. Goulart, Jenny 
S. Guadamuz, Avirup Guha, Yuming Guo, Rajeev Gupta, Vladimir Hachinski, -Nejad Nima 
Hafezi, Teklehaimanot G. Haile, Randah R. Hamadeh, Samer Hamidi, Graeme J. Hankey, Arief 
Hargono, Risky K. Hartono, Maryam Hashemian, Abdiwahab Hashi, Shoaib Hassan, Hamid Y. 
Hassen, Rasmus J. Havmoeller, Simon I. Hay, Khezar Hayat, Golnaz Heidari, Claudiu Herteliu, 
Ramesh Holla, Mostafa Hosseini, Mehdi Hosseinzadeh, Mihaela Hostiuc, Sorin Hostiuc, Mowafa 
Househ, Junjie Huang, Ayesha Humayun, Ivo Iavicoli, Charles U. Ibeneme, Segun E. Ibitoye, 
Olayinka S. Ilesanmi, Irena M. Ilic, Milena D. Ilic, Usman Iqbal, Seyed Sina N. Irvani, Sheikh 
Mohammed Shariful Islam, Rakibul M. Islam, Hiroyasu Iso, Masao Iwagami, Vardhmaan Jain, 
Tahereh Javaheri, Sathish Kumar Jayapal, Shubha Jayaram, Ranil Jayawardena, Panniyammakal 
Jeemon, Ravi P. Jha, Jost B. Jonas, Jitendra Jonnagaddala, Farahnaz Joukar, Jacek J. Jozwiak, 
ürisson Mikk J, Ali Kabir, Tanvir Kahlon, Rizwan Kalani, Rohollah Kalhor, Ashwin Kamath, 
Ibrahim Kamel, Himal Kandel, Amit Kandel, André Karch, Ayele Semachew Kasa, Patrick D. M. 
C. Katoto, Gbenga A. Kayode, Yousef S. Khader, Mohammad Khammarnia, Muhammad S. Khan, 
Md Nuruzzaman Khan, Maseer Khan, Ejaz A. Khan, Khaled Khatab, Gulam M. A. Kibria, Yun 
Jin Kim, Gyu Ri Kim, Ruth W. Kimokoti, Sezer Kisa, Adnan Kisa, äki Mika Kivim, Dhaval 
Kolte, Ali Koolivand, Vladimir A. Korshunov, Laxminarayana Sindhura Lakshmi Koulmane, Ai 
Koyanagi, Kewal Krishan, Vijay Krishnamoorthy, Defo Barthelemy Kuate, Bicer Burcu Kucuk, 
Vaman Kulkarni, G. Anil Kumar, Nithin Kumar, Om P. Kurmi, Dian Kusuma, Gene F. Kwan, 
Vecchia Carlo La, Ben Lacey, Tea Lallukka, Qing Lan, Savita Lasrado, Zohra S. Lassi, Paolo 
Lauriola, Wayne R. Lawrence, Avula Laxmaiah, Kate E. LeGrand, Ming-Chieh Li, Bingyu Li, 
Shanshan Li, Stephen S. Lim, Lee-Ling Lim, Hualiang Lin, Ziqiang Lin, Ro-Ting Lin, Xuefeng 
Liu, Alan D. Lopez, Stefan Lorkowski, Paulo A. Lotufo, Alessandra Lugo, Nirmal K. M, Fabiana 
Madotto, Morteza Mahmoudi, Azeem Majeed, Reza Malekzadeh, Ahmad A. Malik, Abdullah A. 
Mamun, Navid Manafi, Mohammad Ali Mansournia, Lorenzo G. Mantovani, Santi Martini, Manu 
R. Mathur, Giampiero Mazzaglia, Suresh Mehata, Man Mohan Mehndiratta, Toni Meier, Ritesh 
G. Menezes, Atte Meretoja, Tomislav Mestrovic, Bartosz Miazgowski, Tomasz Miazgowski, 
Irmina Maria Michalek, Ted R. Miller, Erkin M. Mirrakhimov, Hamed Mirzaei, Babak Moazen, 
Masoud Moghadaszadeh, Yousef Mohammad, Dara K. Mohammad, Shafiu Mohammed, 



30 
 

Mohammed A. Mohammed, Yaser Mokhayeri, Mariam Molokhia, Ahmed A. Montasir, Ghobad 
Moradi, Rahmatollah Moradzadeh, Paula Moraga, Lidia Morawska, Velásquez Ilais Moreno, 
Jakub Morze, Sumaira Mubarik, Walter Muruet, Kamarul Imran Musa, Ahamarshan J. Nagarajan, 
Mahdi Nalini, Vinay Nangia, Atta Abbas Naqvi, Swamy Sreenivas Narasimha, Bruno R. 
Nascimento, Vinod C. Nayak, Javad Nazari, Milad Nazarzadeh, Ruxandra I. Negoi, Kandel 
Sandhya Neupane, Huong L. T. Nguyen, Molly R. Nixon, Bo Norrving, Jean Jacques Noubiap, 
Brice E. Nouthe, Christoph Nowak, Oluwakemi O. Odukoya, Felix A. Ogbo, Andrew T. 
Olagunju, Hans Orru, Alberto Ortiz, Samuel M. Ostroff, Jagadish Rao Padubidri, Raffaele 
Palladino, Adrian Pana, -Jonas Songhomitra Panda, Utsav Parekh, Eun-Cheol Park, Mojtaba 
Parvizi, Kan Fatemeh Pashazadeh, Urvish K. Patel, Mona Pathak, Rajan Paudel, Veincent 
Christian F. Pepito, Arokiasamy Perianayagam, Norberto Perico, Hai Q. Pham, Thomas Pilgrim, 
Michael A. Piradov, Farhad Pishgar, Vivek Podder, Roman V. Polibin, Akram Pourshams, Dimas 
R. A. Pribadi, Navid Rabiee, Mohammad Rabiee, Amir Radfar, Alireza Rafiei, Fakher Rahim, -
Movaghar Vafa Rahimi, Rahman Mohammad Hifz Ur, Muhammad Aziz Rahman, Amir Masoud 
Rahmani, Ivo Rakovac, Pradhum Ram, Sudha Ramalingam, Juwel Rana, Priyanga Ranasinghe, 
Sowmya J. Rao, Priya Rathi, Lal Rawal, Wasiq F. Rawasia, Reza Rawassizadeh, Giuseppe 
Remuzzi, Andre M. N. Renzaho, Aziz Rezapour, Seyed Mohammad Riahi, -Thomson Ross L. 
Roberts, Leonardo Roever, Peter Rohloff, Michele Romoli, Gholamreza Roshandel, Godfrey M. 
Rwegerera, Seyedmohammad Saadatagah, -Ayad Maha M. Saber, Siamak Sabour, Simona Sacco, 
Masoumeh Sadeghi, Moghaddam Sahar Saeedi, Saeed Safari, Amirhossein Sahebkar, Sana Salehi, 
Hamideh Salimzadeh, Mehrnoosh Samaei, Abdallah M. Samy, Itamar S. Santos, -Milicevic 
Milena M. Santric, Nizal Sarrafzadegan, Arash Sarveazad, Thirunavukkarasu Sathish, Monika 
Sawhney, Mete Saylan, Maria I. Schmidt, Aletta E. Schutte, Subramanian Senthilkumaran, Sadaf 
G. Sepanlou, Feng Sha, Saeed Shahabi, Izza Shahid, Masood A. Shaikh, Mahdi Shamali, Morteza 
Shamsizadeh, Md Shajedur Rahman Shawon, Aziz Sheikh, Mika Shigematsu, Min-Jeong Shin, 
Jae Il Shin, Rahman Shiri, Ivy Shiue, Kerem Shuval, Soraya Siabani, Tariq J. Siddiqi, Diego A. S. 
Silva, Jasvinder A. Singh, Ambrish Singh Mtech, Valentin Y. Skryabin, Anna A. Skryabina, Amin 
Soheili, Emma E. Spurlock, Leo Stockfelt, Stefan Stortecky, Saverio Stranges, Abdulkader 
Rizwan Suliankatchi, Hooman Tadbiri, Eyayou G. Tadesse, Degena B. Tadesse, Masih Tajdini, 
Md Tariqujjaman, Berhane F. Teklehaimanot, Mohamad-Hani Temsah, Ayenew K. Tesema, 
Bhaskar Thakur, Kavumpurathu R. Thankappan, Rekha Thapar, Amanda G. Thrift, Binod 
Timalsina, Marcello Tonelli, Mathilde Touvier, -Palone Marcos R. Tovani, Avnish Tripathi, Jaya 
P. Tripathy, Thomas C. Truelsen, Guesh M. Tsegay, Gebiyaw W. Tsegaye, Nikolaos Tsilimparis, 
Biruk S. Tusa, Stefanos Tyrovolas, Krishna Kishore Umapathi, Brigid Unim, Bhaskaran 
Unnikrishnan, Muhammad S. Usman, Muthiah Vaduganathan, Pascual R. Valdez, Tommi J. 
Vasankari, Diana Z. Velazquez, Narayanaswamy Venketasubramanian, Giang T. Vu, Isidora S. 
Vujcic, Yasir Waheed, Yanzhong Wang, Fang Wang, Jingkai Wei, Robert G. Weintraub, Abrha 
H. Weldemariam, Ronny Westerman, Andrea S. Winkler, Charles S. Wiysonge, Charles D. A. 
Wolfe, Befikadu Legesse Wubishet, Gelin Xu, Ali Yadollahpour, Kazumasa Yamagishi, Lijing L. 
Yan, Srikanth Yandrapalli, Yuichiro Yano, Hiroshi Yatsuya, Tomas Y. Yeheyis, Yigizie Yeshaw, 
Christopher S. Yilgwan, Naohiro Yonemoto, Chuanhua Yu, Hasan Yusefzadeh, Geevar Zachariah, 
Sojib Bin Zaman, Muhammed S. Zaman, Maryam Zamanian, Ramin Zand, Alireza Zandifar, 
Afshin Zarghi, Mikhail S. Zastrozhin, Anasthasia Zastrozhina, Zhi-Jiang Zhang, Yunquan Zhang, 
Wangjian Zhang, Chenwen Zhong, Zhiyong Zou, Yves Miel H. Zuniga, Christopher J. L. Murray, 
and Valentin Fuster. 2020. “Global Burden of Cardiovascular Diseases and Risk Factors, 1990–
2019.” Journal of the American College of Cardiology 76(25):2982–3021. doi: 
10.1016/j.jacc.2020.11.010. 



31 
 

Schooling, C. M., and G. M. Leung. 2010. “A Socio-Biological Explanation for Social Disparities in Non-
Communicable Chronic Diseases: The Product of History?” Journal of Epidemiology & 
Community Health 64(11):941–49. doi: 10.1136/jech.2008.086553. 

Semmens, James, Ian Rouse, Lawrence J. Beilin, and John R. L. Masarei. 1983. “Relationship of Plasma 
HDL-Cholesterol to Testosterone, Estradiol, and Sex-Hormone-Binding Globulin Levels in Men 
and Women.” Metabolism 32(5):428–32. doi: 10.1016/0026-0495(83)90002-1. 

Stefil, Maria, Jack Bell, Peter Calvert, and Gregory YH Lip. 2023. “Heightened Risks of Cardiovascular 
Disease in South Asian Populations: Causes and Consequences.” Expert Review of 
Cardiovascular Therapy 21(4):281–91. doi: 10.1080/14779072.2023.2187780. 

Strauss, John, and Duncan Thomas. 1995. “Chapter 34 Human Resources: Empirical Modeling of 
Household and Family Decisions.” Pp. 1883–2023 in Handbook of Development Economics. Vol. 
3. Elsevier. 

Strauss, John, Firman Witoelar, Bondan Sikoki, and Anna Marie Wattie. 2009. “User’s Guide for the 
Indonesia Family Life Survey, Wave 4.” RAND Labor and Population Working Paper Series 2. 

Taddei, Cristina, Bin Zhou, Honor Bixby, Rodrigo M. Carrillo-Larco, Goodarz Danaei, Rod T. Jackson, 
Farshad Farzadfar, Marisa K. Sophiea, Mariachiara Di Cesare, Maria Laura Caminia Iurilli, 
Andrea Rodriguez Martinez, Golaleh Asghari, Klodian Dhana, Pablo Gulayin, Sujay Kakarmath, 
Marilina Santero, Trudy Voortman, Leanne M. Riley, Melanie J. Cowan, Stefan Savin, James E. 
Bennett, Gretchen A. Stevens, Christopher J. Paciorek, Wichai Aekplakorn, Renata Cifkova, 
Simona Giampaoli, Andre Pascal Kengne, Young-Ho Khang, Kari Kuulasmaa, Avula Laxmaiah, 
Paula Margozzini, Prashant Mathur, Børge G. Nordestgaard, Dong Zhao, Mette Aadahl, Leandra 
Abarca-Gómez, Hanan Abdul Rahim, Niveen M. Abu-Rmeileh, Benjamin Acosta-Cazares, Robert 
J. Adams, Imelda A. Agdeppa, Javad Aghazadeh-Attari, Carlos A. Aguilar-Salinas, Charles 
Agyemang, Tarunveer S. Ahluwalia, Noor Ani Ahmad, Ali Ahmadi, Naser Ahmadi, Soheir H. 
Ahmed, Wolfgang Ahrens, Kamel Ajlouni, Monira Alarouj, Fadia AlBuhairan, Shahla AlDhukair, 
Mohamed M. Ali, Abdullah Alkandari, Ala’a Alkerwi, Eman Aly, Deepak N. Amarapurkar, 
Philippe Amouyel, Lars Bo Andersen, Sigmund A. Anderssen, Ranjit Mohan Anjana, Alireza 
Ansari-Moghaddam, Hajer Aounallah-Skhiri, Joana Araújo, Inger Ariansen, Tahir Aris, Raphael 
E. Arku, Nimmathota Arlappa, Krishna K. Aryal, Thor Aspelund, Maria Cecília F. Assunção, Juha 
Auvinen, Mária Avdicová, Ana Azevedo, Fereidoun Azizi, Mehrdad Azmin, Nagalla Balakrishna, 
Mohamed Bamoshmoosh, Maciej Banach, Piotr Bandosz, José R. Banegas, Carlo M. Barbagallo, 
Alberto Barceló, Amina Barkat, Iqbal Bata, Anwar M. Batieha, Assembekov Batyrbek, Louise A. 
Baur, Robert Beaglehole, Antonisamy Belavendra, Habiba Ben Romdhane, Mikhail Benet, 
Marianne Benn, Salim Berkinbayev, Antonio Bernabe-Ortiz, Gailute Bernotiene, Heloisa Bettiol, 
Santosh K. Bhargava, Yufang Bi, Asako Bienek, Mukharram Bikbov, Bihungum Bista, Peter 
Bjerregaard, Espen Bjertness, Marius B. Bjertness, Cecilia Björkelund, Katia V. Bloch, Anneke 
Blokstra, Simona Bo, Bernhard O. Boehm, Jose G. Boggia, Carlos P. Boissonnet, Marialaura 
Bonaccio, Vanina Bongard, Rossana Borchini, Herman Borghs, Pascal Bovet, Imperia Brajkovich, 
Juergen Breckenkamp, Hermann Brenner, Lizzy M. Brewster, Graziella Bruno, Anna Bugge, 
Markus A. Busch, Antonio Cabrera de León, Joseph Cacciottolo, Günay Can, Ana Paula C. 
Cândido, Mario V. Capanzana, Eduardo Capuano, Vincenzo Capuano, Viviane C. Cardoso, Joana 
Carvalho, Felipe F. Casanueva, Laura Censi, Charalambos A. Chadjigeorgiou, Snehalatha 
Chamukuttan, Nish Chaturvedi, Chien-Jen Chen, Fangfang Chen, Shuohua Chen, Ching-Yu 
Cheng, Bahman Cheraghian, Angela Chetrit, Shu-Ti Chiou, María-Dolores Chirlaque, Belong 
Cho, Yumi Cho, Jerzy Chudek, Frank Claessens, Janine Clarke, Els Clays, Hans Concin, Susana 



32 
 

C. Confortin, Cyrus Cooper, Simona Costanzo, Dominique Cottel, Chris Cowell, Ana B. 
Crujeiras, Semánová Csilla, Liufu Cui, Felipe V. Cureau, Graziella D’Arrigo, Eleonora d’Orsi, 
Jean Dallongeville, Albertino Damasceno, Rachel Dankner, Thomas M. Dantoft, Luc Dauchet, 
Kairat Davletov, Guy De Backer, Dirk De Bacquer, Giovanni de Gaetano, Stefaan De Henauw, 
Paula Duarte de Oliveira, David De Ridder, Delphine De Smedt, Mohan Deepa, Alexander D. 
Deev, Abbas Dehghan, Hélène Delisle, Elaine Dennison, Valérie Deschamps, Meghnath Dhimal, 
Augusto F. Di Castelnuovo, Zivka Dika, Shirin Djalalinia, Annette J. Dobson, Chiara 
Donfrancesco, Silvana P. Donoso, Angela Döring, Maria Dorobantu, Nico Dragano, Wojciech 
Drygas, Yong Du, Charmaine A. Duante, Rosemary B. Duda, Vilnis Dzerve, Elzbieta 
Dziankowska-Zaborszczyk, Ricky Eddie, Ebrahim Eftekhar, Robert Eggertsen, Sareh Eghtesad, 
Gabriele Eiben, Ulf Ekelund, Jalila El Ati, Denise Eldemire-Shearer, Marie Eliasen, Roberto 
Elosua, Rajiv T. Erasmus, Raimund Erbel, Cihangir Erem, Louise Eriksen, Johan G. Eriksson, 
Jorge Escobedo-de la Peña, Saeid Eslami, Ali Esmaeili, Alun Evans, David Faeh, Caroline H. Fall, 
Elnaz Faramarzi, Mojtaba Farjam, Mohammad Reza Fattahi, Francisco J. Felix-Redondo, Trevor 
S. Ferguson, Daniel Fernández-Bergés, Daniel Ferrante, Marika Ferrari, Catterina Ferreccio, Jean 
Ferrieres, Bernhard Föger, Leng Huat Foo, Ann-Sofie Forslund, Maria Forsner, Heba M. Fouad, 
Damian K. Francis, Maria do Carmo Franco, Oscar H. Franco, Guillermo Frontera, Yuki Fujita, 
Matsuda Fumihiko, Takuro Furusawa, Zbigniew Gaciong, Fabio Galvano, Jingli Gao, Manoli 
Garcia-de-la-Hera, Sarah P. Garnett, Jean-Michel Gaspoz, Magda Gasull, Andrea Gazzinelli, 
Johanna M. Geleijnse, Ali Ghanbari, Erfan Ghasemi, Oana-Florentina Gheorghe-Fronea, Anup 
Ghimire, Francesco Gianfagna, Tiffany K. Gill, Jonathan Giovannelli, Glen Gironella, Aleksander 
Giwercman, David Goltzman, Helen Gonçalves, David A. Gonzalez-Chica, Marcela Gonzalez-
Gross, Juan P. González-Rivas, Clicerio González-Villalpando, María-Elena González-
Villalpando, Angel R. Gonzalez, Frederic Gottrand, Sidsel Graff-Iversen, Dušan Grafnetter, 
Ronald D. Gregor, Tomasz Grodzicki, Anders Grøntved, Giuseppe Grosso, Gabriella Gruden, 
Dongfeng Gu, Pilar Guallar-Castillón, Ong Peng Guan, Elias F. Gudmundsson, Vilmundur 
Gudnason, Ramiro Guerrero, Idris Guessous, Johanna Gunnlaugsdottir, Rajeev Gupta, Laura 
Gutierrez, Felix Gutzwiller, Seongjun Ha, Farzad Hadaegh, Rosa Haghshenas, Hamid Hakimi, Ian 
R. Hambleton, Behrooz Hamzeh, Sari Hantunen, Rachakulla Hari Kumar, Seyed Mohammad 
Hashemi-Shahri, Jun Hata, and NCD Risk Factor Collaboration (NCD-RisC). 2020. 
“Repositioning of the Global Epicentre of Non-Optimal Cholesterol.” Nature 582(7810):73–77. 
doi: 10.1038/s41586-020-2338-1. 

Thomas, Duncan. 1990. “Intra-Household Resource Allocation: An Inferential Approach.” The Journal of 
Human Resources 25(4):635–64. doi: 10.2307/145670. 

Thomas, Duncan, Teresa Seeman, Alan Potter, Peifeng Hu, Eileen Crimmins, Elizabeth Henny 
Herningtyas, Cecep Sumantri, and Elizabeth Frankenberg. 2018. “HPLC-Based Measurement of 
Glycated Hemoglobin Using Dried Blood Spots Collected under Adverse Field Conditions.” 
Biodemography and Social Biology 64(1):43–62. doi: 10.1080/19485565.2018.1451300. 

Vogel, Birgit, Monica Acevedo, Yolande Appelman, C. Noel Bairey Merz, Alaide Chieffo, Gemma A. 
Figtree, Mayra Guerrero, Vijay Kunadian, Carolyn S. P. Lam, Angela H. E. M. Maas, Anastasia S. 
Mihailidou, Agnieszka Olszanecka, Jeanne E. Poole, Clara Saldarriaga, Jacqueline Saw, Liesl 
Zühlke, and Roxana Mehran. 2021. “The Lancet Women and Cardiovascular Disease 
Commission: Reducing the Global Burden by 2030.” The Lancet 397(10292):2385–2438. doi: 
10.1016/S0140-6736(21)00684-X. 

Volgman, Annabelle Santos, Latha S. Palaniappan, Neelum T. Aggarwal, Milan Gupta, Abha 
Khandelwal, Aruna V. Krishnan, Judith H. Lichtman, Laxmi S. Mehta, Hena N. Patel, Kevin S. 



33 
 

Shah, Svati H. Shah, Karol E. Watson, and null null. 2018. “Atherosclerotic Cardiovascular 
Disease in South Asians in the United States: Epidemiology, Risk Factors, and Treatments: A 
Scientific Statement From the American Heart Association.” Circulation 138(1):e1–34. doi: 
10.1161/CIR.0000000000000580. 

Weverling-Rijnsburger, Annelies W. E., Iris J. A. M. Jonkers, Eric van Exel, Jacobijn Gussekloo, and 
Rudi G. J. Westendorp. 2003. “High-Density vs Low-Density Lipoprotein Cholesterol as the Risk 
Factor for Coronary Artery Disease and Stroke in Old Age.” Archives of Internal Medicine 
163(13):1549–54. doi: 10.1001/archinte.163.13.1549. 

Wilson, Peter, Ralph D’Agonstino, Daniel Levy, Albert Belanger, Halit Silbershatz, and William Kannel. 
1998. “Prediction of Coronary Heart Disease Using Risk Factor Categories.” Circulation 
97(18):1837–47. doi: 10.1161/01.CIR.97.18.1837. 

Witoelar, Firman, John Strauss, and Bondan Sikoki. 2009. “Socioeconomic Success and Health in Later 
Life: Evidence from the Indonesia Family Life Survey.” 

Worku, Ibrahim Hassen, Mekdim Dereje, Bart Minten, and Kalle Hirvonen. 2017. “Diet Transformation 
in Africa: The Case of Ethiopia.” Agricultural Economics 48(S1):73–86. doi: 10.1111/agec.12387. 

Zeljko, Hrvojka Marija, Tatjana Škarić-Jurić, Nina Smolej Narančić, Ana Barešić, Željka Tomas, Matea 
Zajc Petranović, Jasna Miličić, Marijana Peričić Salihović, and Branka Janićijević. 2013. “Age 
Trends in Prevalence of Cardiovascular Risk Factors in Roma Minority Population of Croatia.” 
Economics & Human Biology 11(3):326–36. doi: 10.1016/j.ehb.2012.02.007. 

 
 
 



-1-



40

50

60

m
g

/d
L

10 20 30 40 50 60 70 80

Age

A. HDL cholesterol

100

120

140

160

180

m
g

/d
L

10 20 30 40 50 60 70 80

Age

B. Non−HDL cholesterol

20

40

60

80

100

%

10 20 30 40 50 60 70 80

Age

C. Low HDL

20

40

60

80

100

%

10 20 30 40 50 60 70 80

Age

D. High non−HDL or med. use

Figure 2. Cholesterol, age, and population

Indo. Men Indo. Women US Men US Women

-2-



30

40

50

60

70

m
g

/d
L

20 25 30 35

Body Mass Index

A. HDL cholesterol

100

120

140

160

180

m
g

/d
L

20 25 30 35

Body Mass Index

B. Non−HDL cholesterol

20

40

60

80

100

%

20 25 30 35

Body Mass Index

C. Low HDL

20

40

60

80

100

%

20 25 30 35

Body Mass Index

D. High non−HDL or med. use

Figure 3. Cholesterol, BMI, and population

Indo. Men Indo. Women US Men US Women

-3-



Table 1. Summary statistics for Indonesian and American males and females 
Means (standard errors) of respondents age 20 and older 

 Indonesia United States 
  Males Females Males Females 

HDL Cholesterol (mg/dL) 42.0 52.8 48.1 58.7 
 (0.3) (0.4) (0.4) (0.4) 
% Low HDL (<40mg/dL) 51.4 21.6 27.1 9.0 
 (1.3) (1.0) (1.4) (0.731)  
Non-HDL Cholesterol  (mg/dL) 148.4 151.0 136.9 134.0 
 (0.9) (1.0) (1.3) (1.2) 
% High non-HDL (>190mg/dL) 12.9 16.2 11.0 8.6 

(0.8) (0.9) (1.0) (0.8) 
% on medication 0.2 0.3 19.5 16.9 
 (0.1) (0.1) (1.2) (1.0) 
% High non HDL or on medication 13.0 16.5 29.4 24.3 
 (0.6) (0.7) (1.4) (1.2) 
     
Age 40.1 39.9 47.8 49.1 
 (0.4) (0.4) (0.5) (0.5) 

BMI (kg/m2) 23.4 25.4 29.7 30.0 
 (0.1) (0.1) (0.2) (0.2) 
Waist Circumference (cm) 83.1 85.8 103.5 98.7 
 (0.3) (0.3) (0.5) (0.5) 
Height (cm) 163.9 151.6 175.1 161.0 
 (0.2) (0.1) (0.2) (0.2) 
Hours/Week intense physical activity 9.0 2.6 6.7 2.8 
 (0.3) (0.2) (0.4) (0.2) 
Smoking % 67.2 0.2 18.6 15.1 
 (1.2) (0.1) (1.2) (1.0) 
ln(Resources per capita) US$ 6.5 6.5 10.0 10.0 
 (0.0) (0.0) (0.0) (0.0) 
Completed level of education (%)     
  Middle School 16.5 17.6 4.0 3.6 
 (0.9) (0.9) (0.3) (0.3) 
  Some High School 17.4 15.0 7.9 7.1 
 (1.0) (0.9) (0.7) (0.6) 
  High School Graduate 34.9 25.4 28.4 26.0 
 (1.2) (1.0) (1.4) (1.3) 
  Some College 3.5 3.7 29.1 32.2 
 (0.4) (0.4) (1.4) (1.3) 
  College Graduate or Higher 17.8 22.9 30.5 30.8 
  (0.9) (1.0) (1.6) (1.5) 
Sample Size 2,689 2,888 2,377 2,560 

Notes: Means and (standard errors) stratified by gender for the STAR (Indonesia) and US (NHANES) populations 
are weighted to reflect the population of Aceh, Indonesia, and the U.S., respectively. 



Table 2. Lipid Profiles in Indonesia and US 
Means (standard errors) of respondents age 20 and older 

  A. HDL Cholesterol  B. Non-HDL Cholesterol 
  Level (mg/dL)  %<40  Level (mg/dL)  %>190 | medication 
    Males Females M-F Gap   Males Females M-F Gap   Males Females M-F Gap   Males Females M-F Gap 
Indonesia (STAR)                
 1. Unadjusted 42.0 52.8 -10.8  51.4 21.6 29.8  148.4 151.0 -2.6  13.0 16.5 -3.4 
  (0.3) (0.4) (0.5)  (1.3) (1.0) (1.6)  (0.9) (1.0) (1.3)  (0.8) (0.9) (1.2) 
                 
 2. Age adjusted  43.3 53.8 -10.5  47.4 20.3 27.1  152.2 159.4 -7.2  16.6 22.3 -5.7 
 (same as US) (0.4) (0.4) (0.5)  (1.3) (1.0) (1.7)  (1.1) (1.1) (1.6)   (1.0) (1.1) (1.5) 
                 
US (NHANES)                
 3. All US 48.1 58.7 -10.6  27.1 9.0 18.0  136.9 134.0 2.9  29.4 24.3 5.1 
  (0.4) (0.4) (0.6)  (1.4) (0.731)  (1.6)  (1.3) (1.2) (1.7)  (1.4) (1.2) (1.9) 
                 
 4. Asian ethnicity 46.6 59.9 -13.3  31.7 6.5 25.3  145.5 132.3 13.2  37.3 20.4 16.9 
  (0.8) (0.9) (1.2)  (3.0) (1.3) (3.2)  (2.9) (2.1) (3.6)  (3.0) (2.1) (3.6) 
 5. Asian immigrants 46.4 59.4 -12.9  32.3 7.4 25.0  147.4 133.7 13.6  40.6 22.3 18.3 
  (0.9) (0.9) (1.3)  (3.2) (1.5) (3.5)  (3.2) (2.3) (4.0)  (3.2) (2.3) (4.0) 
                 
 6. Low income 45.6 55.0 -9.4  32.8 13.2 19.6  138.2 133.5 4.6  29.4 19.1 5.3 
  (0.6) (0.6) (0.9)  (2.4) (1.5) (2.8)  (2.3) (1.7) (2.9)  (2.2) (1.7) (2.7) 
 7. Low education 45.6 52.7 -7.0  37.7 17.4 20.2  141.9 137.1 4.7  31.1 28.7 2.3 
  (0.7) (0.8) (1.0)  (3.1) (2.5) (4.0)  (2.8) (2.7) (3.9)  (2.8) (2.8) (4.0) 
Sample sizes                
 Indonesia 2,689 2,888   2,689 2,888   2,689 2,888   2,689 2,888  
 All US 2,377 2,560   2,377 2,560   2,377 2,560   2,377 2,560  
 Asian ethnicity 320 374   320 374   320 374   320 374  
 Asian immigrants 275 331   275 331   275 331   275 331  
 Low income 682 823   682 823   682 823   682 823  
  Low education 514 479     514 479     514 479     514 479   

Notes: Coefficients and standard error for proportion over cutoffs multiplied by 100 to represent percentages. Age-adjustments reflect re-weighting of the Indonesia sample in 5-year age 
groups to match NHANES taking into account self-identified race and immigration status. In the U.S., low income is defined as being in the lowest 1/3 of the per capita income distribution, 
and low education is defined as those with less than a high school diploma. Heteroscedasticity-consistent robust standard errors in parentheses.  



Table 3. Multivariable regression models of HDL cholesterol by country and gender 
A. HDL Cholesterol Levels (mg/dL) 

  
Indonesian 

Males 
US 

Males 
Difference 
(Indo-US)   

Indonesian 
Females 

US 
Females 

Difference 
(Indo-US) 

Indicator variable if  
        - Age 20-29y -0.71 -0.34 -0.36 

 
-0.28 -0.32 0.04 

 
(0.96) (1.11) (1.47) 

 
(0.93) (1.16) (1.48) 

 - Age 40-50y 0.14 0.60 -0.47 
 

1.06 2.24 -1.18 

 
(0.98) (1.20) (1.55) 

 
(1.04) (1.29) (1.66) 

 - Age 50-60y 1.20 3.31 -2.11 
 

0.37 4.84 -4.46 

 
(1.14) (1.40) (1.81) 

 
(1.15) (1.34) (1.77) 

 - Age 60-70y 4.34 0.84 3.50 
 

1.99 4.75 -2.75 

 
(1.55) (1.24) (1.98) 

 
(1.56) (1.54) (2.19) 

 - Age 70+ y 2.35 3.84 -1.49 
 

1.45 7.42 -5.97 

 
(2.28) (1.24) (2.59) 

 
(2.04) (1.37) (2.46) 

BMI -0.38 -0.31 -0.07 
 

-0.60 -0.07 -0.52 

 
(0.16) (0.11) (0.20) 

 
(0.13) (0.11) (0.16) 

Waist Circum. (cm) -0.11 -0.17 0.06 
 

-0.08 -0.27 0.18 

 
(0.06) (0.04) (0.08) 

 
(0.06) (0.05) (0.07) 

Height (cm) 0.00 0.02 -0.02 
 

-0.08 0.12 -0.21 

 
(0.06) (0.05) (0.08) 

 
(0.07) (0.07) (0.10) 

Physical Activity -0.03 0.10 -0.13 
 

-0.01 -0.02 0.01 

 
(0.02) (0.04) (0.04) 

 
(0.06) (0.04) (0.07) 

Indicator var if    -1.39 -0.78 -0.60 
 

5.03 -3.04 8.07 
   Currently smoker (0.74) (1.09) (1.31) 

 
(2.65) (1.06) (2.86) 

ln(PCE or PCY) 0.43 0.88 -0.45 
 

1.62 1.00 0.63 
  in US$ (0.58) (0.37) (0.69) 

 
(0.64) (0.43) (0.77) 

Indicator variable for completed education 
       - Middle School -0.14 -3.03 2.89 

 
-0.28 -3.37 3.09 

 
(1.05) (1.37) (1.73) 

 
(1.02) (1.24) (1.61) 

 - Some High School 0.34 -2.02 2.36 
 

-0.67 -2.50 1.83 

 
(1.07) (1.20) (1.61) 

 
(1.12) (1.17) (1.62) 

 - Some College 0.41 0.37 0.04 
 

-0.17 2.66 -2.83 

 
(1.80) (0.97) (2.04) 

 
(1.46) (1.02) (1.78) 

 - College 0.65 1.33 -0.68 
 

1.52 3.38 -1.86 

 
(0.89) (1.14) (1.44) 

 
(0.93) (1.27) (1.58) 

Indicator variable if    2.36 -1.49 3.85 
 

3.85 -2.12 5.97 
   on cholesterol medication (5.32) (1.06) (5.43) 

 
(4.78) (1.18) (4.92) 

Intercept  40.66 47.49 -6.83 
 

52.28 54.82 -2.54 

 
(1.16) (1.33) (1.76) 

 
(1.43) (1.23) (1.89) 

Observations 2,689 2,377 
  

2,888 2,560 
 F statistic (joint significance) 4.85 15.34 12.79 

 
9.48 22.02 16.82 

  (p value) (0.000) (0.000) (0.000)   (0.000) (0.000) (0.000) 
 

 Notes: Regression coefficients and (standard errors) estimated separately by gender and country in first two columns. Differences 
(US-Indonesia) in third column based on fully interacted model with samples from both countries for each gender. Sample includes 
respondents aged 20y or older. Age 30-40y, high-school educated, and no medication use excluded as reference group. Continuous 
covariates have been de-meaned. Standard errors in parentheses below coefficients are heteroscedasticity-consistent. F statistic for 
joint significance of all covariates in first two columns; test for joint significance of all interactions in third column; intercept in that 
column is adjusted difference between U.S. and Indonesian samples. 



Table 3. Multivariable regression models of HDL cholesterol by country and gender 
B. HDL Cholesterol<40 % 

  
Indonesian 

Males 
US 

Males 
Difference 
(Indo-US)   

Indonesian 
Females 

US 
Females 

Difference 
(Indo-US) 

Indicator variable if  
        - Age 20-29y -2.96 -1.28 -1.68 

 
2.62 -2.40 5.02 

 
(3.50) (3.96) (5.28) 

 
(2.64) (2.59) (3.70) 

 - Age 40-50y -1.19 0.74 -1.93 
 

-1.80 -6.80 5.00 

 
(3.49) (4.45) (5.65) 

 
(3.00) (2.36) (3.81) 

 - Age 50-60y -9.98 -1.51 -8.47 
 

1.76 -5.44 7.20 

 
(4.36) (4.43) (6.22) 

 
(3.45) (2.79) (4.44) 

 - Age 60-70y -15.79 2.86 -18.65 
 

0.19 -6.94 7.13 

 
(5.08) (4.91) (7.07) 

 
(4.25) (2.46) (4.91) 

 - Age 70+ y -10.08 -6.53 -3.55 
 

5.81 -7.95 13.76 

 
(7.16) (4.65) (8.54) 

 
(5.69) (2.64) (6.27) 

BMI 1.45 0.81 0.64 
 

0.89 0.04 0.84 

 
(0.59) (0.45) (0.74) 

 
(0.35) (0.18) (0.39) 

Waist Circum. (cm) 0.39 0.39 0.00 
 

0.25 0.31 -0.05 

 
(0.22) (0.18) (0.29) 

 
(0.15) (0.09) (0.17) 

Height (cm) 0.08 -0.02 0.10 
 

0.26 0.27 -0.01 

 
(0.22) (0.19) (0.29) 

 
(0.20) (0.13) (0.23) 

Physical Activity 0.05 -0.20 0.24 
 

-0.09 0.09 -0.18 

 
(0.09) (0.09) (0.13) 

 
(0.11) (0.10) (0.15) 

Indicator variable if    7.33 3.73 3.60 
 

-17.48 2.38 -19.86 
   Currently smoker (2.75) (3.42) (4.39) 

 
(4.60) (2.21) (5.11) 

ln(PCE or PCY) -1.47 -4.86 3.39 
 

-4.91 -1.33 -3.58 
  in US$ (2.13) (1.34) (2.52) 

 
(1.84) (0.75) (1.99) 

Indicator var for completed education 
       - Middle School 2.37 6.53 -4.15 

 
-0.53 5.75 -6.28 

 
(3.71) (4.71) (6.00) 

 
(2.83) (3.65) (4.61) 

 - Some High School 2.43 8.63 -6.21 
 

3.87 7.67 -3.80 

 
(3.57) (4.70) (5.90) 

 
(3.35) (3.61) (4.93) 

 - Some College 1.06 -3.01 4.07 
 

0.02 -1.46 1.48 

 
(6.77) (3.40) (7.58) 

 
(4.92) (2.04) (5.32) 

 - College 2.08 -1.35 3.43 
 

-2.41 -3.56 1.16 

 
(3.50) (4.04) (5.34) 

 
(2.62) (2.13) (3.38) 

Indicator variable if    22.96 3.34 19.61 
 

-7.99 4.07 -12.06 
   on cholesterol medication (22.82) (3.84) (23.14) 

 
(13.42) (2.38) (13.63) 

Intercept  55.37 30.48 24.89 
 

18.99 14.38 4.61 

 
(4.52) (4.66) (6.50) 

 
(4.01) (2.61) (4.78) 

        Observations 2,689 2,377 
  

2,888 2,560 
 F statistic (joint significance) 5.61 9.06 15.90 

 
4.99 6.29 10.74 

  (p value) (0.000) (0.000) (0.000)   (0.000) (0.000) (0.000) 
Notes: See Notes to Table 3A. Coefficients multiplied by 100. 
  



Table 4. Multivariable regression models of non-HDL cholesterol by country and gender 
A. Non-HDL Cholesterol Levels (mg/dL) 

  
Indonesian 

Males 
US 

Males 
Difference 
(Indo-US)   

Indonesian 
Females 

US 
Females 

Difference 
(Indo-US) 

Indicator variable if  
        - Age 20-29y -8.13 -17.28 9.15 

 
-7.72 -10.27 2.55 

 
(2.38) (3.96) (4.62) 

 
(2.49) (3.13) (3.99) 

 - Age 40-50y 8.99 4.79 4.20 
 

9.13 9.54 -0.41 

 
(2.43) (3.79) (4.50) 

 
(2.62) (3.23) (4.16) 

 - Age 50-60y 13.07 1.25 11.82 
 

20.32 24.96 -4.65 

 
(2.62) (4.36) (5.09) 

 
(3.26) (3.88) (5.07) 

 - Age 60-70y 7.95 -7.68 15.63 
 

27.61 23.54 4.07 

 
(3.74) (4.28) (5.68) 

 
(4.59) (3.92) (6.03) 

 - Age 70+ y 7.38 -15.82 23.20 
 

15.23 11.10 4.13 

 
(4.72) (4.50) (6.52) 

 
(5.18) (4.00) (6.55) 

BMI 2.16 0.40 1.76 
 

0.54 -0.86 1.39 

 
(0.37) (0.33) (0.50) 

 
(0.35) (0.27) (0.44) 

Waist Circum. (cm) 0.34 0.33 0.01 
 

0.60 0.66 -0.06 

 
(0.14) (0.14) (0.20) 

 
(0.15) (0.13) (0.20) 

Height (cm) -0.38 -0.56 0.18 
 

-0.05 -0.16 0.11 

 
(0.15) (0.18) (0.23) 

 
(0.18) (0.17) (0.25) 

Physical Activity -0.15 -0.17 0.02 
 

0.08 -0.02 0.10 

 
(0.06) (0.11) (0.12) 

 
(0.13) (0.13) (0.19) 

Indicator variable if    1.84 1.12 0.72 
 

0.10 6.43 -6.33 
   Currently smoker (1.91) (2.67) (3.29) 

 
(13.06) (3.25) (13.46) 

ln(PCE or PCY) 0.35 2.44 -2.09 
 

-3.06 0.53 -3.60 
  in US$ (1.46) (1.29) (1.95) 

 
(1.69) (1.28) (2.12) 

Indicator variable for completed education 
       - Middle School 0.22 5.38 -5.16 

 
0.84 10.58 -9.74 

 
(2.31) (4.48) (5.04) 

 
(2.49) (5.37) (5.92) 

 - Some High School -0.55 4.72 -5.27 
 

2.63 -0.20 2.83 

 
(2.47) (3.89) (4.60) 

 
(3.07) (3.73) (4.83) 

 - Some College 1.79 -2.01 3.80 
 

1.53 -0.57 2.09 

 
(3.99) (3.06) (5.03) 

 
(4.53) (2.95) (5.41) 

 - College -0.77 -3.63 2.86 
 

1.10 -0.09 1.19 

 
(2.49) (3.62) (4.39) 

 
(2.41) (3.60) (4.33) 

Indicator variable if    -1.07 -24.70 23.63 
 

-3.91 -20.49 16.58 
   on cholesterol medication (21.61) (3.53) (21.90) 

 
(8.25) (3.59) (8.99) 

Intercept  158.14 146.39 11.74 
 

145.42 123.96 21.46 

 
(3.07) (4.44) (5.40) 

 
(3.72) (3.35) (5.00) 

        Observations 2,689 2,377 
  

2,888 2,560 
 F statistic (joint significance) 22.72 15.09 21.00 

 
21.26 15.52 24.04 

  (p value) (0.000) (0.000) (0.000)   (0.000) (0.000) (0.000) 
Notes: See Notes to Table 3A.  
  



Table 4. Multivariable regression models of non-HDL cholesterol by country and gender 
B. Non-HDL Cholesterol>190 mg/dl or on Cholesterol Medication 

  
Indonesian 

Males 
US 

Males 
Difference 
(Indo-US)   

Indonesian 
Females 

US 
Females 

Difference 
(Indo-US) 

Indicator variable if  
        - Age 20-29y 0.22 -2.94 3.17 

 
-3.49 -1.17 -2.32 

 
(1.95) (3.57) (4.07) 

 
(2.00) (2.04) (2.86) 

 - Age 40-50y 4.01 2.21 1.80 
 

4.76 2.73 2.03 

 
(2.21) (4.36) (4.89) 

 
(2.71) (2.24) (3.51) 

 - Age 50-60y 5.31 12.52 -7.21 
 

14.20 23.76 -9.56 

 
(2.95) (4.61) (5.47) 

 
(3.39) (3.60) (4.95) 

 - Age 60-70y 6.17 25.05 -18.88 
 

16.22 39.34 -23.12 

 
(3.85) (5.20) (6.47) 

 
(4.68) (4.31) (6.37) 

 - Age 70+ y 0.27 37.71 -37.44 
 

10.16 42.38 -32.22 

 
(4.45) (4.77) (6.53) 

 
(5.44) (3.67) (6.56) 

BMI 0.70 -0.10 0.81 
 

-0.17 -0.49 0.31 

 
(0.34) (0.50) (0.60) 

 
(0.32) (0.28) (0.42) 

Waist Circum. (cm) 0.47 0.39 0.08 
 

0.50 0.40 0.09 

 
(0.12) (0.21) (0.24) 

 
(0.14) (0.14) (0.20) 

Height (cm) -0.42 -0.32 -0.09 
 

-0.04 -0.06 0.02 

 
(0.15) (0.19) (0.24) 

 
(0.17) (0.17) (0.24) 

Physical Activity -0.09 -0.16 0.07 
 

0.03 0.07 -0.04 

 
(0.04) (0.10) (0.11) 

 
(0.14) (0.12) (0.18) 

Indicator variable if    -1.06 0.91 -1.97 
 

4.84 2.66 2.18 
   Currently smoker (1.80) (3.29) (3.75) 

 
(14.08) (2.98) (14.39) 

ln(PCE or PCY) 0.60 3.17 -2.57 
 

-0.94 1.64 -2.58 
  in US$ (1.35) (1.31) (1.88) 

 
(1.62) (1.24) (2.04) 

Indicator var for completed education 
       - Middle School 2.56 4.18 -1.62 

 
-0.98 4.69 -5.67 

 
(2.23) (4.70) (5.20) 

 
(2.64) (4.65) (5.35) 

 - Some High School 0.79 1.16 -0.38 
 

-0.26 -0.84 0.58 

 
(2.17) (4.51) (5.00) 

 
(2.74) (4.15) (4.97) 

 - Some College 1.77 -2.27 4.04 
 

-2.38 -2.90 0.52 

 
(4.79) (3.34) (5.83) 

 
(3.63) (3.13) (4.79) 

 - College 1.60 0.09 1.51 
 

-0.11 -8.70 8.59 

 
(2.35) (4.10) (4.73) 

 
(2.13) (3.70) (4.27) 

Indicator variable if    
          on cholesterol medication 
       Intercept  19.94 13.35 6.59 

 
14.66 6.12 8.54 

 
(2.84) (4.82) (5.59) 

 
(3.53) (3.16) (4.74) 

        Observations 2,689 2,377 
  

2,888 2,560 
 F statistic (joint significance) 8.05 18.52 17.58 

 
8.84 28.64 18.14 

  (p value) (0.000) (0.000) (0.000)   (0.000) (0.000) (0.000) 
Notes: See Notes to Table 3B. 
 



Table 5. Differences between Indonesian and US males and females adjusting for observed differences 
Coefficients (standard errors) unadjusted and adjusting for observed characteristics 

A. HDL Cholesterol 

 
A1. Level (mg/dL) . A2. % HDL<40 mg/dL 

Difference (Indo-US) Males Females 
 

Males Females 
  [1]   [2]     [3]   [4]   

Unadjusted   -6.08 
 

-5.84 
  

24.36 
 

12.58 
 

 
(0.54) 

 
(0.57) 

  
(1.86) 

 
(1.25) 

 Adjusted for age -5.51 
 

-5.30 
  

23.55 
 

11.92 
 

 
(0.54) 

 
(0.57) 

  
(1.88) 

 
(1.31) 

 Adjusted for age, BMI, education -8.17 
 

-7.82 
  

28.00 
 

17.13 
    smoking, and medication (0.65) 

 
(0.59) 

  
(2.04) 

 
(1.43) 

 Oaxaca-Blinder Decomposition Explained Unexplained Explained Unexplained   Explained Unexplained Explained Unexplained 
Age -0.84 0.56 0.35 -2.63 

 
4.99 -9.00 -1.80 7.57 

BMI 3.21 0.81 3.93 -1.00 
 

-17.63 4.93 -9.00 4.96 
Smoking -0.92 0.16 -1.93 2.46 

 
4.53 -0.64 5.67 -6.28 

Medication Use -1.30 1.66 -1.61 2.00 
 

-8.02 7.34 3.07 -3.78 
Education 0.63 -0.73 1.33 -3.22 

 
-3.92 6.28 0.20 0.51 

Intercept 
 

-9.31 
 

-5.53 
  

35.51 
 

11.46 
Sum: 0.78 -6.85 2.07 -7.92   -20.05 44.42 -1.86 14.44 

B. Non-HDL Cholesterol 

 
B1. Level (mg/dL) . B2. % Non-HDL>190 mg/dL or on medication 

Unadjusted   11.50 
 

16.99 
  

-16.38 
 

-7.82 
 

 
(1.58) 

 
(1.53) 

  
(1.64) 

 
(1.51) 

 Adjusted for age 13.80 
 

19.97 
  

-10.37 
 

-1.03 
 

 
(1.56) 

 
(1.47) 

  
(1.58) 

 
(1.40) 

 Adjusted for age, BMI, education 15.94 
 

21.75 
  

-5.95 
 

1.87 
    smoking, and medication (1.79) 

 
(1.65) 

  
(1.83) 

 
(1.57) 

 Oaxaca-Blinder Decomposition Explained Unexplained Explained Unexplained   Explained Unexplained Explained Unexplained 
Age -6.31 12.84 -6.19 0.22 

 
3.86 -13.56 1.60 -16.16 

BMI -29.84 16.25 -12.78 8.89 
 

-17.05 8.75 -5.39 3.36 
Smoking 1.83 -0.68 0.47 -1.48 

 
-0.86 0.12 -1.33 0.95 

Medication Use -4.86 9.50 -3.65 7.01 
 

- - - - 
Education -3.28 3.75 -0.99 1.81 

 
-1.58 2.07 -0.31 3.33 

Intercept 
 

12.33 
 

23.66 
  

1.88 
 

6.12 
Sum: -42.46 53.99 -23.1 40.1   -15.63 -0.74 -5.43 -2.40 

Notes: Estimates of the difference in levels between Indonesia and the US are presented unadjusted and controlled. Age-adjustments control semi-parametrically for age with a series of 
age indicator variables by decade. BMI is a continuous variable, and smoking and medication are binary indicators.  Medication use controlled in model B1. Respondents age 20 or older. 
Coefficients for proportion over cutoffs multiplied by 100 to represent percentages. Heteroscedasticity-consistent robust standard errors used.



 
Table 6. Gender differences: Within household comparisons in Indonesia 
Male-female differences (standard errors) 
 
  A. HDL Cholesterol B. Non-HDL Cholesterol 

  
HDL % HDL<40 Non-HDL %Non-HDL 

>190 or Med 
          

A. United States -10.6 18.0 2.9 5.1 

 
(0.6) (1.4) (1.7) (1.9) 

B. Indonesia 
    1. Uncontrolled differences 
    Male-Female -10.8 29.8 -2.6 -3.4 

 
(0.5) (1.4) (1.3) (0.9) 

Difference from US Gender Gap 0.2 -11.8 5.5 8.5 

     2. Control shared household characteristics only 
   Male-Female -11.0 31.5 0.5 -1.3 

 
(0.4) (1.3) (1.1) (1.1) 

     3. Also include all controls interacted with gender 
   Male-Female -11.4 32.5 11.2 5.5 

 
(1.5) (4.7) (3.9) (3.7) 

     Observations 5,577 5,577 5,577 5,577 
# of Households 3,108 3,108 3,108 3,108 

Notes: Coefficients for proportion over cutoffs multiplied by 100 to represent percentages. Uncontrolled models parallel table 2 and 
use heteroscedasticity-consistent standard errors. Standard errors from models with household fixed effects are robust to 
heteroscedasticity and clustered at level of household. All covariates listed in Tables 3 and 4 included in model in B.3. 
 



Appendix Table 1. Regression Results Relating POCT and Gold-Standard Laboratory Paired Values of HDL and non-HDL Cholesterol 
         under different field conditions. 
 
  POCT Measured Levels 

 
HDL Cholesterol 

 
Non-HDL Cholesterol 

Gold-Standard 
Lab Ideal 

Field-
Uncontrolled 

Field-Climate 
Controlled   Ideal 

Field-
Uncontrolled 

Field-Climate 
Controlled 

Slope coefficient 1.23 1.12 1.16 
 

0.81 0.88 0.95 

 
[1.11 - 1.34] [0.97 - 1.28] [1.04 - 1.27] 

 
[0.74 - 0.88] [0.76 - 0.99] [0.84 - 1.07] 

Constant 0.33 -6.16 1.72 
 

-2.46 0.11 7.86 

 
[-0.76 - 1.42] [-8.05 - -4.27] [0.54 - 2.91] 

 
[-5.14 - 0.21] [-3.83 - 4.05] [3.83 - 11.89] 

        Observations 107 50 130 
 

107 50 54 
R-squared 0.81 0.82 0.75   0.83 0.84 0.84 

 
Notes: Regressions compare findings with paired-sample assessments drawn where blood draws and POCT measures using the CardioChek were conducted under three 
conditions: ideal, uncontrolled field, and climate-controlled field conditions. OLS regressions predict the POCT measures from the field with the gold-standard laboratory-
assessments, and 95% heteroscedasticity-consistent confidence intervals are reported below coefficients. 
 
 



Appendix Table 2. Proportion clinically-relevant HDL and non-HDL POCT measures 
correctly classified across conditions under which measures were collected. 
 

 
Gold-Standard Laboratory Classifications 

A. Ideal Conditions 
     

 
Normal Low HDL 

  
Normal High Non-HDL 

Normal 0.48 0.07 
 

Normal 0.76 0.10 
Low HDL 0.07 0.37 

 
High Non-HDL 0.02 0.12 

       
       B. Uncontrolled Field Conditions 

    
 

Normal Low HDL 
  

Normal High Non-HDL 
Normal 0.46 0.00 

 
Normal 0.78 0.08 

Low HDL 0.36 0.18 
 

High Non-HDL 0.04 0.10 

       
       C. Climate Controlled Field Conditions 

 
Normal Low HDL 

  
Normal High Non-HDL 

Normal 0.61 0.08 
 

Normal 0.83 0.00 
Low HDL 0.07 0.25 

 
High Non-HDL 0.09 0.07 

 
Notes: Low HDL Cholesterol is <40 mg/dL and  High Non-HDL Cholesterol is >190 mg/dL



Appendix Table 3. Lipid Profiles in other Asian populations 
Means (standard errors) of respondents age 20 and older 
 

  
HDL Cholesterol 

 
Non-HDL Cholesterol 

  
Level 

 
%<40 

 
Level 

 
%>190 | medication 

    Males Females M-F Gap   Males Females M-F Gap   Males Females 
M-F 
Gap   Males Females 

M-F 
Gap 

OTHER ASIAN POPULATIONS 
             1. China (CHNS) 

               

 
Unadjusted 53.4 56.9 -3.5 

 
17.7 9.3 8.5 

 
134.3 134.5 -0.2 

 
7.9 8.8 -0.9 

  
(0.3) (0.2) (0.4) 

 
(0.7) (0.5) (0.8) 

 
(0.7) (0.6) (0.9) 

 
(0.5) (0.5) (0.7) 

 
Age adjusted 53.1 57.5 -4.4 

 
17.9 8.6 9.3 

 
131.6 131.4 0.2 

 
7.1 8.3 -1.2 

  
(0.3) (0.3) (0.4) 

 
(0.8) (0.5) (0.9) 

 
(0.8) (0.7) (1.1) 

 
(0.5) (0.5) (0.7) 

Sample sizes 3,077 3,653 
  

3,077 3,653 
  

3,077 3,653 
  

3,077 3,653 
 

                 2. Korea (KNHANES) 
              

 
Unadjusted 42.3 47.4 -5.2 

 
49.3 26.1 23.2 

 
143.6 134.3 9.3 

 
8.7 6.6 2.1 

  
(0.4) (0.4) (0.5) 

 
(1.8) (1.6) (2.4) 

 
(1.2) (1.2) (1.7) 

 
(1.0) (0.8) (1.3) 

 
Age adjusted 42.6 46.6 -4.0 

 
48.3 30.9 17.5 

 
141.1 141.2 -0.1 

 
7.2 8.9 -1.8 

  
(0.2) (0.2) (0.3) 

 
(1.1) (0.9) (1.5) 

 
(0.8) (0.7) (1.0) 

 
(0.6) (0.6) (0.8) 

Sample sizes 2,315 3,124 
  

2,315 3,124 
  

2,314 3,124 
  

2,314 3,124 
 

                 3. Indonesia (IFLS) 
              

 
Unadjusted 34.4 43.8 -9.5 

 
70.7 44.2 26.6 

 
143.6 150.9 -7.3 

 
15.4 19.5 -4.0 

  
(0.3) (0.3) (0.4) 

 
(0.9) (0.9) (1.2) 

 
(0.9) (0.9) (1.2) 

 
(0.7) (0.7) (1.0) 

 
Age adjusted 34.3 44.0 -9.7 

 
73.7 38.2 35.5 

 
140.1 155.5 -15.4 

 
12.5 19.1 -6.6 

  
(0.5) (0.7) (0.8) 

 
(2.2) (3.7) (4.3) 

 
(2.5) (3.1) (4.0) 

 
(1.1) (2.2) (2.4) 

Sample Sizes 3,610 4,258     3,610 4,258     3,608 4,256     3,608 4,256   
Notes: Coefficients for proportion over cutoffs multiplied by 100 to represent percentages. Age-adjustments reflect re-weighting of non-US samples in 5-year age groups to match the 
proportions in the NHANES population. Heteroscedasticity-consistent robust standard errors in parentheses. 
 




