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Abstract

We examine how physical health, health behaviors, and mortality vary with income for prime-
age adults. To do so, we leverage population-wide, individual-level cardiovascular health exams
linked to income tax records and subsequent mortality for a representative sample of about
350,000 Koreans aged 47-57. For both men and women, there is a negative disease-income
gradient for high blood pressure, high blood glucose, and high body mass index, but not for
high cholesterol. Disease-income gradients are steeper for women than men, and tend to be
concentrated in the top half of the income distribution; similar patterns hold for health behavior-
income gradients. Subsequent mortality-income gradients are also concentrated in the top half
of the income distribution, but are steeper for men than women. Although physical health and
behavior measures are highly predictive of subsequent mortality, differences in these measures
by income explain very little of the income-mortality gradient, even for cardiovascular mortality.
Our findings suggest that something other than differences in disease burden at prime age drives

most of the income-mortality gradient at older ages.
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1 Introduction

The study of population health has primarily meant the study of mortality. While of course an
important outcome, mortality is only one measure of health, and arguably not well-suited for
understanding the health of non-elderly adults. For them, mortality is both low and dispropor-
tionately from external causes (e.g., Centers for Disease Control and Prevention 2010). In this
paper, therefore, we leverage novel, individual data linkages between population-wide cardiovas-
cular health exams and income tax records to provide new evidence of the relationships between
clinical health measures and income for prime-age adults, and explore their ability to explain sub-
sequent mortality-income gradients.

Higher income individuals live longer. This robust pattern appears over time and across coun-
tries (e.g., Cutler et al. 2006; Costa 2015), as well as across individuals within many high-income
countries (e.g., Mustard et al. 1997; Chetty et al. 2016; Mortensen et al. 2016; Kinge et al. 2019;
Chen et al. 2022). The nature and drivers of these gradients are naturally of great academic and
policy interest. Yet the relative paucity of information about how non-mortality measures of health
vary with income leaves open important questions about the relationship between income and health
for prime-age adults, as well as how any such relationship relates to subsequent mortality-income
gradients.

Data limitations have been the central challenge to analyzing non-mortality health-income gra-
dients. Analysis requires data with reliable health measures for large, representative samples, linked
to high-quality income measures. Existing work has looked mostly at socioeconomic gradients in
self-reported health (e.g., Case et al. 2002; House et al. 2005; Case and Deaton 2007; Mackenbach
et al. 2008; Cutler et al. 2011), in diagnoses recorded in administrative health data (e.g., Kiviméaki
et al. 2020; Danesh et al. 2024; Pallesen et al. 2024), or in biomarkers (e.g., Kavanagh et al. 2010;
Davillas and Jones 2020; Shui et al. 2024). Such studies have provided valuable insights, but also
suffer from important limitations. Self-reported health is non-specific and inherently subjective (po-
tentially differentially so by socioeconomic status), diagnosis records suffer from selection in who
seeks care and what is measured and recorded, even in the presence of universal coverage (Song et
al. 2010; Baum et al. 2020), and studies of biomarkers for representative populations have tended
to be quite small (typically on the order of about 10,000 adults). In addition, existing studies have
tended to rely on coarse measures of socioeconomic status such as education or self-reported, broad
income bins.!

In this paper, we seek to overcome these challenges by leveraging individual-level data from

population-wide, cardiovascular health exams in Korea, which we have linked both to individual-

'Two important recent exceptions are from work in the Netherlands. Shui et al. (2024) examine gradients in
biomarkers by education in a representative sample of about 150,000 Dutch adults aged 18 to 80, a much larger
sample than the prior biomarker studies. Likewise, Danesh et al. (2024) study the relationship between chronic
disease — measured by prescription drug fills — and income for the universe of Dutch adults using rich measures of
income in the Dutch tax data.



level tax records and to subsequent, cause-specific mortality. Since the mid-1990s, Korea has
provided free annual or biennial health exams for all individuals aged 40 and over, with a pri-
mary focus on cardiovascular and cerebrovascular disease and its risk factors. The health exams
record clinical data on blood pressure, fasting blood glucose, height and weight, and total choles-
terol, as well as self-reported health behaviors (including smoking, drinking, and exercise), current
medications, and basic demographics.

For a random eight percent of the population, we linked individual-level annual income tax
records from 2006 through 2008 to in-person health exams from 2009 through 2012, and to cause-of-
death through 2019. We focus our analysis on individuals who were 47-57 at the time of their health
exam, an age range that was chosen to balance between a population young enough that mortality
is a limited measure of health, but old enough that subsequent, eight-year cardiovascular-disease
mortality is quantitatively meaningful. Our target population consists of almost 500,000 individuals
with linked income-mortality data, of whom approximately 350,000 individuals completed a health
exam in at least one year between 2009 and 2012.2

We have two main sets of findings. The first set of results concerns the nature of the disease-
income and behavior-income gradients. For both men and women, the disease-income gradient is
negative for rates of high blood pressure, high blood glucose, and high body mass index, but not for
rates of high cholesterol. Disease-income gradients are steeper for women than men, and tend to
be concentrated in the top half of the income distribution. We observe qualitatively similar income
gradients for health behaviors, specifically smoking, drinking, and exercise: behaviors improve with
income, especially in the top half of the income distribution and especially for women. Differences
in successful use of medication to control high biomarkers for blood pressure and blood glucose do
not seem to be a main contributor to those observed disease-income gradients.

Mortality-income gradients are also concentrated in the top half of the income distribution,
but are steeper for men than women. Steeper mortality-income gradients for men have also been
documented in several other high-income countries (Chetty et al. 2016; Mortensen et al. 2016; Kinge
et al. 2019; Chen et al. 2022) but are not well-understood. One possible explanation has been that
household income is less of a proxy for life-time socioeconomic status for women, especially in
countries (including Korea) where female labor force participation is low. However, our finding
that disease and behavior-income gradients are steeper for women than men suggests something
other than measurement error may be behind these patterns.

Our second set of findings concerns the lack of a clear connection between the disease and
behavior income gradients and the subsequent mortality income gradients. The fact that the

former are steeper for women while the latter are steeper for men is already suggestive that the

2As we discuss in more detail, participation rates in the health exams tend to increase with income, raising
concerns about potential selection bias. Specifically, because exam participants are, on average, healthier (lower
subsequent mortality) than non-participants, rising participation rates with income could potentially bias downward
estimates of improvement in clinical health with income. However, we present several pieces of evidence that suggest
that non-participation is unlikely to drive our estimates of these health-income gradients.



subsequent mortality income gradient may not be tightly related to prior disease and behavior
income gradients. More direct evidence on this point comes from examining predicted mortality
based on the underlying biomarker and behavior measures. Although variation in the underlying
disease and behavior measures is associated with substantial variation in predicted subsequent
mortality, the magnitudes of the disease-income and behavior-income gradients are not sufficient
to generate much variation in predicted mortality by income, even when focusing on cardiovascular
mortality.

Taken together, our findings suggest that differences in cardiovascular health by socioeconomic
status around age fifty are not the primary driver of subsequent mortality-income gradients. This
is consistent with the findings of the Whitehall studies (Marmot et al. 1978, 1991), which measured
cardiovascular health and subsequent cardiovascular disease and cardiovascular mortality for a
cohort of British civil servants and found that one’s civil service grade was a much more important
predictor of subsequent health outcomes than measures of cardiovascular health. Our findings are
also consistent with the literature on the myriad pathways by which a lower position within a social
hierarchy can affect cardiovascular health without involving traditional risk factors (Brondolo et
al. 2017; Geronimus 2023; Lavetti et al. 2025). Our findings underscore the importance of looking

at these other pathways for understanding socioeconomic gradients in cardiovascular mortality.

2 Setting

Korea is a high-income country with a population of about 50 million people. It has a progressive
income tax with the individual as the unit of taxation (Hong et al. 2024). Universal national health
insurance covers about two-thirds of national medical expenditures, and about three-quarters of
Koreans have supplementary private insurance (Shin et al. 2022). Life expectancy at birth is high,
about 83 years compared to 78 in the US (OECD 2025), and there is a substantial mortality-income
gradient (e.g., Khang and Kim 2005; Khang et al. 2016; Shin et al. 2018; Kim et al. 2021). Survey
data that measure biomarkers suggest that some cardiovascular disease risk factors (such as high
blood pressure) are higher in Korea than in the US while others (such as high body mass index)
are lower (Appendix Table A1).3

Since the mid-1990s, free health exams have been available for all individuals aged 40 and older.
They are annual for manual workers (i.e., non-desk jobs) and biennial for everyone else.* The exams
focus primarily on cardiovascular and cerebrovascular health and its risk factors, as part of an effort
to improve population health (Kang 2022a; Shin et al. 2022).

The Korean National Health Insurance Service (NHIS) automatically informs individuals when

they are due for an exam and provides them with the results. Exams are legally mandatory

3Using these same survey data, Lawton and Cutler (2026) describe how risk factors have trended over time in the
US compared to Korea and England. They also note that disparities by education level exist in all three countries.
4Examples of “manual workers” include, among others, drivers, flight attendants, doctors, chefs, and singers.



for employees, with financial penalties on the employer if their employee does not comply. All
individuals (whether employed or not) face higher cost-sharing requirements associated with a
cancer diagnosis if they are not in compliance (Shin et al. 2022; Ministry of Health and Welfare
2023). The compliance rate with the recommended health exam schedule has been gradually
increasing over our 2009-2019 study period, from about 60% to about 75% (Kang 2022a; National
Health Insurance Service 2022; Shin et al. 2022).

The health exam collects basic demographics, self-reported medical history and health behav-
iors, physical measurements, and blood samples. Specifically, individuals fill out a questionnaire
with information about their own and their family’s past medical history, whether they currently
take medication for certain conditions, including for hypertension and diabetes, and current and
past health behaviors (including smoking, alcohol consumption, and exercise). They then undergo
a series of measurements (blood pressure, waist circumference, weight, and height), as well as blood
draws which are used to measure cholesterol and blood glucose. Conditional on participating in
the health exam, there is virtually no missing data for the health measures we examine. Appendix

A provides more detail on the Korean setting in general and the health exams in particular.

3 Data

In this section, we briefly describe the construction of the sample and the key variables, and then

report summary statistics. Appendix B provides many additional details.

3.1 Sample construction

We obtained access to a random 8% of the universe of individual-level annual income tax records
from 2006 through 2008 from the Korean National Tax Service. These individuals are then linked
to their death records (if any) through 2019 (from Statistics Korea) and to NHIS data on any
in-person health exams completed during 2009-2012.°

We focus on individuals born between 1955 and 1962 who are still alive in 2008. We refer to these
individuals as the target population, and the subset of individuals in the target population for whom
we observe at least one health exam (during our 2009-2012 exam window) as the exam population.
We use the first health exam in this period. The exam population therefore spans the 47-57 age
range at the time of their exam. We selected that age range to balance between a population young
enough so that sample selection associated with survival is quantitatively less important, yet old

enough so that subsequent, eight-year cardiovascular mortality rates are meaningful (Centers for

SPrevious work has used the NHIS health exam data to study, among other things, the impact of job loss on
health outcomes (Hwang et al. 2024), the impact of alcohol consumption on dementia (Jeon et al. 2023), and the
prevalence of obesity (Jeong et al. 2024). Linked health exam and mortality data have been previously used to study
the relationship between socioeconomic status, cardiovascular health, and mortality among male public servants, with
income-related insurance contributions used to proxy for two to four income groups (Song and Byeon 2000; Khang
et al. 2008; Kang 2022b).



Disease Control and Prevention 2010; Statistics Korea 2023). For younger adults, a larger share of
deaths are from external causes that are unlikely to be affected by cardiovascular health measures
(Appendix Table A2).

As we discuss below, exam participants are not a random subsample of the target popula-
tion. However, we present several pieces of evidence that suggest that this selection is unlikely to

substantially affect our key results.

3.2 Key variables

Income. For each individual in the sample, we closely follow Chetty et al. (2016) and convert their
observed income into an income percentile. Specifically, we define household income as the sum
of their taxable income and their spouse’s (if any).® After excluding individuals with zero taxable
(household) income, we compute each individual’s percentile rank for their yearly household income
relative to the household income of all others with the same birth year and sex in that year’s tax
data. To reduce noise, we then compute the average household income percentile over 2006, 2007,
and 2008.

Thus, income percentiles are all conditional on positive (household) income. Throughout the
analysis, we also report results separately for the approximately one-quarter of individuals who had
zero (household) income in all three years (2006-2008). As we discuss in more detail in Appendix

B.1, these individuals are likely very low income.

Biomarkers. We focus on four measures of physical health that are viewed as key predictors
of cardiovascular and cerebrovascular diseases: blood pressure, (fasting) blood glucose, body mass
index (BMI), and cholesterol (Wawrzyniak 2020; Powell-Wiley et al. 2021; Centers for Disease
Control and Prevention 2024b; American Diabetes Association Professional Practice Committee
2025). In each case, we observe the underlying continuous biomarkers, and convert them to binary
variables (“high” vs. mnormal) using standard cutoffs; throughout, we will use the terms ‘high
biomarker’, ‘biomarker out of range’, and ‘disease’ interchangeably. For some of the analysis, we

also define an intermediate, “elevated” category, again using standard cutoffs.”

Health behaviors. We observe two types of health behaviors. First, we observe three health
behaviors that are important potential contributors to cardiovascular disease: smoking, alcohol
consumption, and exercise. Based on participants’ (self-reported) answers and standard cutoffs,

we define binary indicators for current smoking, heavy smoking, current drinking, heavy drinking,

STaxable income includes labor income, dividend income, interest income, business income, pension income, and
other income.

"Our blood pressure cutoffs are based on Ajay et al. (2007). American Diabetes Association (2024) provides cutoffs
for blood glucose. For BMI, we use Centers for Disease Control and Prevention (2024a). Lastly, for cholesterol, we
use cutoffs from Johns Hopkins Medicine (2024).



any exercise, and sufficient exercise.® Second, we examine medication use for high blood pressure
and for high blood glucose. Specifically, we observe whether each participant self-reports that they
currently take prescribed medication for hypertension and whether they currently take prescribed
medication for diabetes. We further link their medication use to their corresponding biomarker level
in order to construct — among those who use medication — indicators for a “successfully controlled”

and “unsuccessfully controlled” biomarker, which we interpret as proxies for adherence.

Mortality. We observe all-cause and cause-specific mortality (if any) through 2019. We focus
on three mortality measures: all-cause mortality, the subset of all-cause mortality that is from
non-external causes, and the subset of non-external mortality that is from cardiovascular disease.
Our primary mortality variable is an indicator for whether the individual died within eight years

after their health exam.

Predicted mortality. We generate predicted mortality using a linear probability model in which
we use the predicted value from a regression of an eight-year mortality indicator on a fully saturated
set of the four biomarkers and their three possible values (high, elevated, or normal) (that is,
3% = 81 binary regressors which capture all possible biomarker combinations) as well as on a similar
saturated model that also includes the three health behaviors (smoking, drinking, and exercising)

and their three possible values (which implies 37 = 2, 187 binary regressors).

3.3 Summary statistics

Table 1 presents summary statistics for the exam population, which is our primary analysis sample.
It contains about 350,000 people (70% of the target population) who participated in at least one
health exam during 2009-2012. About 20% of men have high blood pressure, 11% have high blood
glucose, 3% have high BMI, and 13% have high cholesterol. For women, the comparable rates are
13%, 5%, 4%, and 17%. Smoking and drinking rates are substantially higher among men (42% and
68%, respectively) than among women (4% and 23%, respectively) while exercise rates are more
similar (71% for men and 66% for women).

For high blood pressure and high blood glucose, we can further distinguish between those who
are and are not using medication. This yields four categories of individuals based on whether they
are on medication (either with biomarkers in range (“successful control”) or biomarkers out of
range (“unsuccessful control”)) and those who are not on medication (either with biomarkers out

of range or with biomarkers in range). Women tend to exhibit better medication behavior: they

8Heavy smoking is defined as 20 or more cigarettes a day (Hirayama 1981), heavy drinking as 15 or more drinks
a week for men and 8 or more drinks a week for women (National Institute on Alcohol Abuse and Alcoholism 2007),
and sufficient exercise is defined as at least 150 minutes of moderate exercise or 75 minutes of vigorous exercise a
week (World Health Organization 2010).



are more likely to take medication conditional on needing it, and that medication is more likely to
control their condition successfully.’

The eight-year all-cause mortality rate in the exam population is 1.0% for women and 2.7% for
men; for both sexes, about two-thirds of this mortality is associated with non-external causes, and
about 10-15% of the mortality is from cardiovascular causes.

Individually, both high biomarkers and poor health behaviors are highly predictive of subse-
quent mortality for both sexes (Appendix Table A3). High blood pressure, high blood glucose, and
high BMI are each associated with higher eight-year mortality (for all three mortality outcomes)
but, consistent with other findings (e.g., Schatz et al. 2001; Ravnskov et al. 2016), high choles-
terol is associated with lower mortality. Having high blood glucose, for example, roughly triples
the eight-year cardiovascular mortality rate. Likewise, smoking is associated with substantially
elevated mortality, roughly tripling the eight-year cardiovascular mortality rate, while exercise has
an opposite-signed effect that is roughly similar in magnitude. Drinking is associated with lower
mortality.

Together, these measures generate substantial variation in predicted mortality (Appendix Table
A4). When the four biomarker measures are combined to form predicted mortality, the standard
deviation of predicted mortality is at least 40% of the mean of observed mortality. Adding the

three health behaviors substantially increases this predictive power.

Sample selection. Importantly, the exam population is not a random subsample of the target
population. Consistent with other evidence that individuals who select into following recommended
health practices tend to be healthier (Einav et al. 2020; Oster 2020; Kowalski 2023), for both men
and women, all-cause mortality rate is about 40% lower for the exam population than for the target
population (Appendix Table A5).!” In addition, the probability of participation rises noticeably
with income until about the 85th to 90th income percentile, and then falls; the participation-income
gradient is particularly pronounced for men (Appendix Figure A1). This same selection pattern is
evident in other studies examining the relationship between socioeconomic status and biomarkers
(Marmot et al. 1991; Kavanagh et al. 2010; Davillas and Jones 2020; Shui et al. 2024).

The combination of non-random participation by health and differences in participation rates
by income raises important concerns about selection into the exam across the income distribution.
As participation rates increase, exam participants become less selected and therefore less healthy.
This could lead us to under-estimate (in absolute value) the slope of the negative biomarker-income
gradients up to about the 85th percentile — since exam participants are healthier and participation

is increasing with income — and then over-estimate it after that for the reverse reason. However, in

9Survey data indicate that for those who need medication, rates of successful control are higher in the US than
in Korea (Lawton and Cutler 2026).

YTnterestingly, despite the different mortality rates, the share of deaths due to cardiovascular diseases is quite
similar for the exam population and the target population.



Section 4.4 below, we present several pieces of evidence that suggest that, in practice, our gradient

estimates are unlikely to be substantially affected by such selection.

4 Results

Throughout this section, we report outcomes by household income percentile, separately for men
and women. To make these income gradients more comparable across genders and outcomes, we
report mean outcomes in relative log points; that is, we report the (natural) log of the outcome
measure at a given percentile of the income distribution minus the log of the overall (gender-specific)
average outcome. As a result, the health measure that is reported at a given income percentile is
essentially a multiplicative factor of the population average. We then smooth this relative outcome
at each income percentile by taking a moving average over 5 percentiles (the one shown and two
on either side); we therefore report results from the 3rd to the 98th income percentile. Recall
that income percentiles are computed conditional on positive (household) income; in each plot we
therefore also report the corresponding outcome for those individuals who have zero income in all

years.!!

4.1 Disease-income gradients

Figure 1 shows disease-income gradients for each of the four biomarkers, separately for men (left
panels) and women (right panels); Appendix Figure A2 provides the raw rates. While there is
little indication of an income gradient in high cholesterol for either men or women, the qualitative
patterns for all three other biomarkers — high blood pressure, high blood glucose, and high BMI —
are quite similar.'?

All three show pronounced income gradients in the expected direction, with higher income
individuals associated with lower rates of high levels of each biomarker. All three income gradients
are much steeper for women than for men, and the gradients — for both men and women — tend to
be concentrated in the top half of the income distribution.

For instance, 11% of men have high blood glucose, but rates of high blood glucose at the
95th percentile of the income distribution are 26% lower compared to the 50th percentile, but the
difference between the 50th and 5th percentile is only 10%. For women, rates of high blood glucose
(which are 5% on average) are 41% lower at the 95th compared to the 50th percentile, but only
21% lower for the 50th percentile compared to the 5th percentile.

The concentration of the disease-income gradients in the top half of the income distribution is

striking in light of prior evidence based on self-reported health, mortality, and diagnoses that in

HFor completeness, in the appendix we also report corresponding “raw” rates at each household income percentile

as well as for those with zero household income, prior to taking logs and smoothing.
12These biomarker-income gradients are unaffected by adjusting for age at the time of the health exam (Appendix
Figure A3).



other countries (such as the US, Sweden, and the Netherlands), health-income gradients are steeper
at the bottom of the income distribution (Chen et al. 2022; Danesh et al. 2024; Lleras-Muney et
al. 2025).

4.2 Behavior-income gradients

The health-income gradients in Figure 1 reflect some combination of differential rates of onset of
high levels of biomarkers by income and differential behavior and disease management. To shed
some light on these channels, we can look directly at income gradients in health behaviors.

Figure 2 shows behavior-income gradients for smoking, drinking, and exercise for men (left pan-
els) and women (right panels); Appendix Figure A4 provides the raw rates. Like the disease-income
gradients shown above, income gradients for health behavior also tend to be more pronounced for
women than men, and steeper in the top half of the income distribution. Smoking rates in partic-
ular decline sharply with income. For example, for men, smoking rates average 42% but are 31%
lower at the 95th compared to the 50th percentile, while they are almost identical for the 50th and
5th percentiles. Smoking rates are much lower for women (4%), but the gradient is much steeper;
smoking rates are 60% lower at the 95th compared to the 50th percentile.

For both high blood pressure and high blood glucose, we can also look at how rates of medication
used to control these conditions vary by income. Figure 3 summarizes the implications of the
medication-income gradients by comparing the disease-income gradients (shown in blue) to those
produced by two counterfactuals.!® The first (shown in red) considers what the biomarker-income
gradient would look like if, counterfactually, medication were unavailable and thus anyone who
currently is on medication and has biomarkers in range is now out of range. This substantially
flattens the high blood pressure income gradient for men, but makes little difference for the other
three gradients. The second counterfactual (shown in green) considers what the biomarker-income
gradient would look like if all medication successfully controlled the disease; this makes very little
difference for any of the gradients. Thus, it appears that for high blood pressure, higher use of
medication by higher income men steepens the male disease-income gradient, but for high blood
glucose for men and for both diseases for women, differential rates of medication usage appear to
play little role in generating the disease-income gradient. This suggests that differential rates of

onset are likely more important.

4.3 Mortality-income gradients

Figure 4 shows mortality-income gradients and predicted-mortality income gradients for all-cause
mortality, mortality from non-external causes, and cardiovascular mortality, separately for men
(left panels) and women (right panels); Appendix Figure A9 and Appendix Figure A10 provide the

raw rates.

3 Appendix Figures A5 through A8 show the underlying gradients.



Similar to the health-income gradient, mortality-income gradients are also concentrated in the
top half of the income distribution. Yet, unlike the health-income and behavior-income gradients,
mortality-income gradients are much more pronounced for men than for women. For example,
cardiovascular mortality rate is 70% lower for men at the 95th percentile of the income distribution
relative to the 50th percentile, but does not vary much with income in the lower half of the income
distribution. Women exhibit a similar qualitative pattern.

Yet, predicted mortality varies much less with income. This holds whether we use only the
four biomarkers for the prediction (lighter green) or additionally use the three health behaviors
(darker green). For both sexes, when we use only biomarkers to predict mortality, the difference
between predicted mortality rates at the 95th percentile of the income distribution and at the
50th percentile is about ten times lower than the difference in actual mortality rates; it is about
three times lower when health behaviors are also included as predictors. For example, predicted
cardiovascular mortality using biomarkers only declines by 7% from the 50th to the 95th percentile
for both sexes; it declines by 27% (for men) and 11% (for women) when health behaviors are
included for prediction, but this is still much smaller than the decline in actual cardiovascular
mortality (of 70% for men and 56% for women).

This finding exists despite the quantitatively meaningful relationship between high biomarkers
and mortality. For example, although having high blood glucose roughly triples the eight-year
cardiovascular mortality rate (Appendix Table A3), the 41% lower rate of high blood glucose
for higher income women only generates a 4% difference in predicted cardiovascular mortality, a
small fraction of the 56% difference in actual cardiovascular mortality between the 95th and 50th
percentile. This is because only 5% of women had high blood glucose, so higher income women had

only a 2 percentage point lower rate of high blood glucose.

4.4 Sensitivity to sample selection

As noted at the end of Section 3, our disease-income gradient estimates may be biased by non-
random participation: exam participants are associated with lower mortality (and therefore likely
healthier) than the target population and participation rates vary with income. However, multiple
pieces of evidence suggest that such bias is unlikely to be meaningful in practice.

First, the pattern of fairly monotone biomarker-income gradients, with the slope steepening at
above median income levels (except for cholesterol where it is flat throughout), is very different
from the non-monotonic participation rate patterns by income (Appendix Figure Al).

Second, we can gauge the likely extent of any selection bias by looking at mortality gradients
since, unlike the health measures, mortality is observed for the entire target population. Appendix
Figure A11 indicates that the slope of the mortality gradient is very similar for the exam population
and the target population, which is suggestive that the health-income gradient may also be similar.

Third, biomarker-income gradients look similar for members of the exam population who par-
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ticipate in more vs. fewer of their scheduled exams. Specifically, we focus on the 80% of the
target population who are scheduled to have two exams over our 2009-2012 exam window and
compare biomarker-income gradients for those who had two exams and those who had only one.
Slightly over half of the exam population who were scheduled for two exams actually participated
in both. The direction of selection for single-time vs two-time participants looks similar to that
for non-participants vs. exam participants. In particular, just as exam participants have lower
mortality than non-participants (Appendix Table A5), two-time participants have lower mortality
than single-time participants (see Appendix Table A6); and just as the probability of exam par-
ticipation is generally higher for higher income individuals (Appendix Figure Al), so too is the
probability of participating twice rather than once (Appendix Figure A12). Reassuringly, however,
Appendix Figures A13 and A14 show that the disease-income and behavior-income gradients look

very similar for one-time and two-time participants.

5 Conclusion

Understanding and addressing socioeconomic gradients in health is of substantial academic and
policy interest, yet, outside of mortality, we know relatively little about the nature of these gradients.
In this study, we examined population-wide health exams for non-elderly adults linked to income
tax data to obtain estimates of the relationship between income and a variety of different health
measures. Specifically, we examined four biomarkers that are key sources of cardiovascular mortality
and morbidity, several health behaviors, and subsequent cardiovascular and all-cause mortality.

The general pattern indicates negative disease-income gradients, mortality-income gradients,
and poor health behavior-income gradients. These gradients are all concentrated in the top half of
the income distribution. This is noteworthy in light of other work using self-reported health that
has found steeper gradients at the bottom of the income distribution (Lleras-Muney et al. 2025).

Although both biomarkers and health behaviors are highly predictive of subsequent mortality
for both sexes, disease and behavior gradients can explain very little of the mortality-income gra-
dients. In addition, while disease and health behavior gradients are much steeper for women than
for men, the opposite is true for mortality gradients. Taken together, our findings suggest that
differences in cardiovascular health by socioeconomic status around age 50 are not the primary
driver of subsequent mortality-income gradients, either for cardiovascular or for all-cause mortality.
As noted in the Introduction, our findings, together with the existing literature, suggest the im-
portance of looking for the role of other pathways besides traditional risk factors for understanding
socioeconomic gradients in cardiovascular disease mortality.

At the same time, our findings also raise interesting questions about the drivers of the disease-
income gradients. The gradients we observe reflect the net result of disease onset, diagnosis and
awareness, and disease management, or lack thereof (Currie and Stabile 2003; Lawton and Cutler

2026). For high blood pressure and high blood sugar — where we could observe medication usage —
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we found relatively little role for successful medication use in contributing to the observed health-
income gradients. However, future work exploiting the panel nature of the data together with
additional information on diagnosis history and medical care will hopefully be able to shed more
light on the underlying drivers of these gradients.

More broadly, the lack of consistently and comprehensively measured data on health outcomes
other than mortality has considerably hampered the field of health economics. The nation-wide
Korean health exams offer a rare and rich opportunity to learn more about the causes and conse-

quences of a broader range of health measures.
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Figure 1: Biomarker-income gradients
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Notes: Figure shows biomarker-income gradients for 167,233 men (left panels) and 181,903 women (right panels).
x-axis shows the household income percentile. y-axis reports the (natural) log of the a 5-percentile moving average of
the disease rate at a given income percentile minus the log of the average disease rate across all income percentiles.
23% of men and 26% of women have zero taxable income and they also report the log of average disease rate among
zero income earners minus the log of the average disease rate across all income percentiles.
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Figure 2: Behavior-income gradients
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Notes: Figure shows behavior-income gradients for smoking, drinking and exercise. x-axis shows the household
income percentile. y-axis reports the (natural) log of the 5-percentile moving average of the behavior rate at a given
income percentile minus the log of the average rate across all income percentiles. Among men, the average rates of
smoking, drinking, and exercise are 0.421, 0.679, and 0.705, respectively; among women, they are 0.039, 0.228, and
0.663. 23% of men and 26% of women have zero taxable income.
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Figure 3: Biomarker-income gradients medication counterfactuals
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23% of men and 26% of women have zero taxable income and they also report the log of average disease rate among
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counterfactual gradients in the absence of medication (counterfactual 1; shown in red) and in the absence of failure

in medication (counterfactual 2; shown in green).
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Figure 4: Mortality-income gradients: Actual vs. Predicted
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(light and dark green dots).
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Table 1: Average health risks and 8-year mortality rate

Men Women

Biomarkers

High Blood pressure 0.196  0.130
High Blood glucose 0.112  0.049
High BMI 0.030  0.038
High Cholesterol 0.131  0.171

Health behaviors

Any Smoking 0.421  0.039
Any Drinking 0.679  0.228
Any Exercise 0.705  0.663
Medication
Blood pressure
Successfully controlled 0.132  0.110
Unsuccessfully controlled 0.074  0.054
Not on medication, High Blood pressure 0.122  0.076

Not on medication, Not High Blood pressure 0.672  0.760
Blood glucose

Successfully controlled 0.035 0.019
Unsuccessfully controlled 0.054  0.026
Not on medication, High blood glucose 0.058  0.023

Not on medication, Not High blood glucose  0.853  0.932

8-year Mortality rate

All-cause 0.027 0.010
Non-external 0.018 0.007
Cardiovascular 0.004 0.001

Note: Exam population (N = 167,233 men, and 181,903 women).
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SUPPLEMENTARY MATERIAL

The relationship between income and health:
evidence from nationwide health exams in Korea

Einav, Finkelstein, and Hong

A Setting

A.1 Health insurance coverage in Korea

Korea has had universal health insurance coverage since 1989. Since 2000, this has taken the form
of a single, national, public health insurance plan (the National Health Insurance Service, or NHIS)
which provides a uniform benefits package. The package includes cost-sharing for covered services,
and an income-based cap on cumulative out-of-pocket services.'* Approximately one-third of total
medical costs are not covered by the national insurance (either because the service is not covered
or because of cost-sharing) and as a result, about three-quarters of Koreans have supplementary
private insurance (Shin et al. 2022).

A.2 Health exams'

Program Structure. Korea began a national health screening program for industry workers
in the early 1950s. The target population, target diseases, and health screening items have been
gradually expanded ever since. Since the mid-1990s and continuing through our study period (2009-
2019),'6 free, biennial health exams have been available for all individuals aged 40 and over, and
free, annual exams have been available for “manual” workers aged 40 and over. “Manual” workers
include anyone who has a non-desk job; this includes drivers, flight attendants, chefs, doctors,
pharmacists, correspondents, singers, actors, producers etc.

The program is motivated by a general desire to improve population health, but has been
criticized for, among other things, lack of clear rationales for the chosen screening items and any
evaluation of the program’s impact. This prompted a redesign of the health screening in 2009 which
added various health measures and revised the questionnaire on health behaviors. We analyze health
exams under this redesigned approach (i.e., 2009-2012). The chief focus is on cardiovascular and
cerebrovascular disease and its risk factors (high blood pressure, high blood glucose, high BMI,
high cholesterol, and smoking). In addition, individuals are screened for depression every 10 years,
and those over 65 are screened regularly for cognitive function.

Individuals born in even-numbered years are offered the exam in even years, and individuals
born in odd-numbered years are offered the exam in odd-numbered years (National Health Insurance
Service 2022b). The NHIS identifies the individuals eligible for the health exam and sends them an
invitation. Subjects are instructed to fast overnight and refrain from working night shifts or drinking

For the non-indigent, cost-sharing ranges from 20% to 60% depending on the service and whether the region
is urban or rural. For example, most inpatient services have a 20% coinsurance, while coinsurance for outpatient
services in urban areas is 30% for clinics, 40% for urban pharmacy services, and 35% for rural pharmacy services.

YInformation in this section draws heavily on Shin et al. (2022) and Kang (2022).

16Tn 2019, the provision of free, biennial general health screenings was extended to individuals aged 20 and over.
Prior to that, only employees or self-employed individuals who paid insurance premia were eligible regardless of age.
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alcohol the night before the exam. During the health exam, they are given a questionnaire about
their past medical history and their health behaviors (including smoking, alcohol and exercise),
and then undergo a series of measurements (including blood pressure, waist circumference, weight
and height), and have blood samples taken for laboratory testing.!” Within about two weeks of
the screening, the participants are mailed a report of the results of the test which include not
only detailed results from the examination, but a general health classification (no high biomarker,
boundary — e.g., elevated blood pressure or elevated blood glucose — or suspected disease) as well as
a “health traffic light” used to visualize the patient’s risk for cardiovascular disease (low, medium,
or high). The report also contains recommendations regarding health behaviors as well as referrals
for e.g., smoking cessation medication or an alcohol rehabilitation clinic. Individuals with abnormal
results (such as blood pressure outside of the normal range) are recommended to get confirmatory
tests for which the typical co-payments are waived.

The NHIS encourages participation in the health exam through public campaigns (e.g., media
and outdoor advertising). The exam may be done by any certified medical provider (public or
private).

Enforcement and compliance. It is useful to distinguish between three types of individuals
aged 40 and over in terms of the free health exam regime they face: (1) manual employees: legally
required to have a health exam every year; (2) non-manual employees: legally required to have a
health exam every other year; and (3) not employed (i.e., unemployed, self-employed, and out of
the labor force): not legally required to complete the health exam.

The health exams are legally mandatory for all employees (National Assemby of South Korea
2023). If an employee does not comply with her mandatory medical check-up, her employer has to
pay a fine, which increases from 100,000 KRW per person (approximately $70 US) for a first-time
violation, to 200,000 KRW (second-time), to 300,000 KRW (third-time), up to a maximum penalty
of 10 million KRW (about $7,000 US).!® In addition, starting in 2005, if the employee has not
gotten their mandatory medical check-up and is diagnosed with cancer, they are not eligible for the
special benefit from the Ministry of Health and Welfare of a cash transfer of up to 2 million KRW
per year (for up to 3 years) to reimburse out-of-pocket medical expenses related to their cancer
treatment (Ministry of Health and Welfare 2023).

Those not employed are not legally required to complete their (free) health exam, but they
are still automatically assigned to do one and receive all of the notifications (mails, emails, and
text messages) that employees do reminding them to get their health exam; failure to comply also
results in the loss of the special benefit in the event that they are diagnosed with cancer.

Compliance with the recommended health exam schedule has been gradually increasing over
the 2009-2019 period from about three-fifths to about three-quarters of the eligible population
(National Health Insurance Service 2022a).!?

17Shin et al. (2022) Table 2 provides a useful summary of the measures collected and how they have varied with
age and over time.

18 According to the Occupational Safety and Health Act Article 175 and the Enforcement Decree of the Occu-
pational Safety and Health Act Article 119, if the employer can demonstrate that she did her best to enforce the
required exam, then the employee pays the fine. In this case, the fine starts at 50,000 KRW, and increases to 100,000
KRW (second-time) and 150,000 KRW (third-time), with a maximum penalty of 3 million KRW. Please see Cho and
Lee (2011) and National Assemby of South Korea (2023) for more detail.

19Tn 2008, on average 61.2% of the eligible population complied with NHIS’s recommended health exam schedule.
This share varied by age from 48.7% (age 75-79) to 69% (age 55-59). By 2019, 77.9% of the eligible people complied
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A.3 Income tax system and labor force participation

Korea has a progressive income tax system, with the individual as the unit of taxation (Lim and
Hyun 2009; Hong et al. 2024). Korea has two types of personal income taxation: withholding
taxation and global income taxation. Most incomes are taxed when they are paid (withholding
taxation).?’ Some incomes above certain thresholds, however, are taxed again through global
income taxation. This global income taxation requires taxpayers to self-assess and report their
income. Less than 20% of taxpayers in Korea are subject to this additional global taxation (National
Tax Service 2023; Hong et al. 2024).

Labor force participation in Korea is distinctive relative to other OECD countries in two re-
spects. First, labor force participation among older Koreans is among the highest in the OECD.
In 2017, for example, almost three-quarters of individuals 55-59 were employed, as were one-third
of those aged 70-74 (OECD 2018). Second, female labor force participation rates are much lower
(about 25 percentage points) than for men (Lee 2017) with this gap driven almost entirely by mar-
ried women with children relative to their husbands (Cho and Cho 2015; Dynan et al. 2022; Lee et
al. 2008).

B Data

We have individual-level data from the Korean National Health Insurance Service (NHIS) on health
exams linked to individual-level tax records from the National Tax Service and mortality (if any)
from Statistics Korea. The income tax data include information on wage, business, dividend,
interest, pension and other income; people who do not file taxes in a given year appear in the data
that year with zero taxable income. The mortality data include all-cause mortality and cause-
specific mortality.

For this project we use individual-level tax records from 2006-2008, health exams from 2009-
2012, and mortality through 2019. We use data from a random 8% of the population.?!

B.1 Study population

To construct our analysis sample, we start with all individuals born between 1955 and 1962 who
are still alive in 2008. We refer to this sample as our “target population”; it includes 249,325
men and 243,964 women.

We observe at least one health exam over the 2009-2012 period for approximately two-thirds
of men (167,233) and three-quarters of women (181,903) in the target population. We refer to the
subset of the target population for whom we observe at least one health exam between 2009 and
2012 as the “exam population”. If they have more than one health exam during that period, we
use the first health exam that we observe. Individuals are therefore 47 to 57 at the time of their
first health exam. Conditional on having a health exam, the health measures are present for 99.9%

with the recommended exam schedule, with the share varying from 69.7% (age 75-79) to 81.2% (age 65-69).

20This includes wages, (some) business income, interest, dividend, pension, and other incomes.

2'More specifically, the NHIS selected 4% of the population (with replacement) in 2002 and 2007 with stratified
random sampling (sex and age of household head). For any individual who is selected, the NHIS links the individual
to their current household members; for any selected individuals and household members, NHIS constructs a panel
data set of them from 2002-2022 on their income tax data, mortality data, and health exam if available.
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of the sample.?? We refer to the complement subset of the target population as the “non-exam
population”; it contains 82,092 men and 62,061 women.

B.2 Variable definitions

Income and income percentiles. For each individual, we compute their household income as
the sum of the person’s taxable income and her spouse’s taxable income if they have a spouse in
their household. Taxable income includes labor income, dividend income, interest income, business
income, pension income, and other income. Our approach to defining income percentiles follows
Chetty et al. (2016) closely. After excluding individuals with zero taxable income, we compute each
individual’s percentile rank for their yearly household income relative to the household income of
all others in their birth cohort and sex in our full population. To reduce noise, we then compute
the average household income percentile over 2006 through 2008.?* Within an individual, income
percentiles were highly correlated across years (Table AT).

Figure A15 shows the log income distribution by income percentile, separately for men and
women; as is typical for income distributions (Champernowne 1953; Pareto 1896), it is a bit less
compressed at both tails.

As noted, about one-quarter of individuals have zero household income in all three years. We
report the outcomes for these individuals separately. They include people with no earnings who
are receiving cash welfare through the Basic Livelihood Program (about 3% of the population (You
et al. 2021)); daily wage workers, whose tax data were not shared with the NHIS (about 8% of the
population aged 40-59 (National Tax Service 2023; You et al. 2021)); and farmers who do not pay
income tax by Income Tax Act Article 12 (also about 7% of the population age 45-54) (Statistics
Korea 2009b; National Assemby of South Korea 2025). In addition, some self-employed individuals
may not report earnings (Sung 2008; National Tax Service 2023).?* These individuals are likely

low income.?®

Type of worker. The NHIS systematically collects data on individuals’ employment status,
industry of employment, and occupational categories, as health insurance premia are determined by
employment classification. Our sample is categorized into one of three employment statuses: manual
employee, non-manual employee, or not employed. Employment classification was determined using
the modal value across observations from 2009 to 2012 for each individual.

Mortality. We observe all-cause and cause-specific mortality (if any) through 2019. The cause
of death is classified based on the 10th International Classification of Diseases (ICD-10). We focus
on three mortality measures: all-cause mortality, the subset of all-cause mortality that is from non-
external causes,’® and cardiovascular disease mortality (causes from any cardiovascular diseases;

22We exclude the few individuals who are missing any health measures from the exam population.

2399.7% of our sample shows up in the tax data for all three years. For the 0.2% who show up for 2 years (or the
0.1% who show up for one year) we define their income percentile based on 2 (or 1) measures.

2 Retirees without pension benefits would also not file taxes, although given the high rates of labor force partici-
pation among Koreans in this age range, this seems less likely.

25The majority of daily wage workers are located at the bottom 20 percent of the income distribution of the full
population (Kim 2017; Statistics Korea 2009a). Most farm households earn less than the mean income of urban
households (Institute 2004) and fall in the lowest income decile (Statistics Korea 2007).

26External causes include accidents (V01-X29, X50-59), suicides (X60-X84), homicides (X85-Y09), drug overdose
(X40-49), natural disasters (X30-39), and sequelae of other external causes (Y10-Y98).
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100-199).

For our analyses that are limited to the exam population, we measure mortality for the eight
years following their exam, which is the longest period before 2020 over which we can observe
mortality for everyone. For some analyses, however, we will want to compare mortality between
the exam population and the target population; for these analyses we measure 8-year mortality for
both the target and the exam population based on the first year we could have observed them in
the health exam data after they turn 50.27

Health measures. The health exam data include data from the questionnaires (regarding self-
reported health behaviors and prior medical history), and biomarkers based on physical measure-
ments, blood samples, and screens for depression (every 10 years) and cognition (for those 65 and
over). For this paper, we focus on four key biomarkers of physical health that are viewed as key
predictors of cardiovascular and cerebrovascular disease: high blood pressure, high blood glucose,
high BMI and high cholesterol (American Diabetes Association Professional Practice Committee
2024; Centers for Disease Control and Prevention 2024; O’Donnell and Elosua 2008; Powell-Wiley
et al. 2021; Wawrzyniak 2020).

In each case we observe the underlying biomarkers (diastolic and systolic blood pressure, fasting
blood glucose, height and weight, and total cholesterol). We convert each to binary measures of
high biomarkers using standard thresholds. Specifically, we code high blood pressure as systolic
blood pressure above 139 mmHg or diastolic blood pressure above 89 mmHg, high BMI as body
mass index (BMI) of 30 kg/m? or above, high blood glucose as fasting blood glucose higher than
125 mg/dL, and high cholesterol as total cholesterol of 240 mg/dL or above. We likewise create
binary versions of elevated (but not yet “high”) biomarkers using standard thresholds: we code
elevated blood pressure as systolic blood pressure between 120 mmHg and 139 mmHg or diastolic
blood pressure between 80 mmHg and 89 mmHg, elevated blood glucose as fasting blood glucose
between 100 mg/dL and 125 mg/dL, elevated BMI as BMI over 25 kg/m? and less than 30 kg/m?,
and elevated cholesterol as total cholesterol over 200 mg/dL and less than 240 mg/dL.%®

Medication. For medication, we observe whether participants report currently taking prescribed
medications for hypertension and diabetes. This information is self-reported by participants during
the health exam interview. Using the current medication and biomarker information, we further
define “successfully controlled” high blood pressure (and analogously “successfully controlled” high
blood sugar) if, for the relevant biomarker, the individual reports being on medication and their
biomarker is in the clinically normal range. Likewise we label the person as having an “unsuccess-
fully controlled” biomarker if they report being on medication but their biomarker is out of the
clinically normal range.

Health behaviors At the health exam, a doctor asks every individual about their smoking,
drinking, and exercise behavior, including status and intensity. Two questions are asked for each

2TThus, for birth cohorts 1955-1959, we measure 8-year mortality from 2009 — i.e., died in 2009-2016 or earlier.
For birth cohort 1960, however we measure 8-year mortality from 2010 (the year they turn 50) — i.e., died in
2010-2017; likewise mortality for birth cohorts 1961 and 1962 is measured starting in 2011 and 2012 respectively.

280ur high blood pressure and elevated blood pressure cut-offs are based on Ajay et al. (2007). American Diabetes
Association (2024) provides cutoffs for high blood glucose and elevated blood glucose. For high BMI and elevated
BMI, we are using Centers for Disease Control and Prevention (2024). Lastly, for high cholesterol and elevated
cholesterol, we use cutoffs from Johns Hopkins Medicine (2024).
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measure.

For smoking, the individual is first asked “have you ever smoked?” Options are no, yes but not
currently, and yes and currently smoking. Second, if they report currently smoking, they are also
asked “How many cigarettes do you smoke a day?” Appendix Figure A16 shows the distribution of
answers to each question in our analysis sample. Based on the answers, we define a binary indicator
for current smokers, and a binary indicator for a heavy smoker as someone who currently smokes
20 or more cigarettes a day (Hirayama 1981).

For drinking, again two questions are asked. First, “how many days do you drink a week?” And
second, “how many glasses do you drink at one time?” Multiplying the two answers gives weekly
consumption. Appendix Figures A17 and A18 show the distribution of answers to each question
in our analysis sample, and Appendix Figure A19 shows the distribution of weekly consumption.
Based on this information, we define a binary indicator for drinkers based on whether the individual
consumes any drinks per week. We also code a binary indicator for heavy drinkers, defined as
consuming 15 or more drinks a week for men and 8 or more drinks a week for women (National
Institute on Alcohol Abuse and Alcoholism 2007).

Finally for exercise, individuals are asked “How many days do you do a vigorous workout
more than 20 minutes a week?” and “How many days do you do a moderate workout more than
30 minutes a week?” Multiplying each answer by its duration threshold gives weekly minutes of
vigorous and moderate exercise. Appendix Figures A20 and A21 show the distribution of answers
to the questions. Based on this calculation, we define a binary indicator for any exercise if the
individual reports any exercise each week, and a binary indicator for sufficient exercise if the
individual reports doing at least 150 minutes of moderate exercise or 75 minutes of vigorous exercise
a week (World Health Organization 2010).

B.3 Statistical analyses

Gradients. We report mean health or mortality outcomes by household income percentile, sep-
arately for men and women. For our main analyses, we report gradients of outcomes in relative
terms to make them more comparable across populations and outcomes. Specifically, we report
mean outcomes in relative log points; that is, we report the (natural) log of the outcome measure
at a given percentile of the income distribution minus the log of the average outcome across all
income percentiles. As a result, the health measure that is reported at a given income percentile is
essentially a multiplicative factor of the population average. We smooth this relative outcome at
each income percentile by taking a moving average over 5 percentiles (the one shown and two on
either side). We report results from the 3rd to the 98th income percentile.

In addition, for completeness, for the gradients we show in the main text, we also report the
“raw” gradients, i.e., the (un-smoothed) absolute rates at each household income percentile.

Predicted mortality. To generate predicted mortality we use information on the biomarker
status j which we define as a series of categorical variables by h/ € {high, elevated, normal} for four
measures of j: blood pressure, blood glucose, BMI, and total cholesterol. We therefore characterize
overall health status h to be the full set of interactions across the four biomarkers and their three
possible values, and let h; € {1,...,81} denote which of these 81 (=3%) cells individual i falls into,
with a coefficient ~y;, for each cell. We estimate the following equation separately for men and for
women:
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81
yi= > wl{hi=h}+e, (1)
h=1

where y; is an indicator for whether the individual died during the subsequent 8 years, or died from
a specific cause (e.g., non external mortality or cardiovascular mortality) during the subsequent 8
years. Based on this regression we can form a predicted mortality measure y; for each individual
in the sample.

When we expand to also include the three health behaviors (drinking, smoking and exercise)
each of which can also take on three possible values (heavy, any, none for smoking and drinking,
and none, any, sufficient for exercise) h; instead indexes 2,187 (=37) cells and the sum in equation
(1) runs to 2,187 rather than 81.

C Results

C.1 Summary statistics

Demographics. Table A8 shows summary statistics by sex for the target population and sepa-
rately for the exam population and the non-exam population. Average age in 2009 is 50 for the
target population and for both sub-populations.?? Not surprisingly given that exams are manda-
tory for manual and non-manual workers but not for the non-employed, exam participants are more
likely to be employed than the target population. Among exam participants, 17% of women and
one-third of men are manual workers, who are required to have an annual exam. The remainder
are non-manual workers (about 14% of women and 45% of men), or not employed (about 70% of
women and about 20% of men). Each worker type can be found throughout the income distribution
(Figure A22).

About one-quarter of the target population has zero income in all three years; this number is
lower in the exam population. Recall that income percentiles are averaged over three years (2006-
2008); Table A7 indicates that average income percentiles are highly correlated over time (with
correlations between adjacent years of 0.9 or higher).

Mortality. All-cause mortality is quite low in Korea. Table A2 reports official statistics on annual
mortality in 2006 in Korea and in the United States. At ages 45-54, annual mortality rates for men
are about 9% lower than in the US and annual mortality rates for women are over 50% lower. The
share of mortality due to external causes falls rapidly with age, and is similar within an age x sex
group between the US and Korea. The share of mortality due to cardiovascular disease is lower in
Korea than in the US.

Table A5 shows 8-year mortality rates (measured from the first year we could have observed
them participating in a 2009-2012 health exam data after they turned 50) by sex separately for
the target population, exam population, and the non-exam population. In the target population,
the all-cause 8-year mortality rate is 4.5% for men and 1.6% for women. Of this, mortality from
non-external causes accounts for about two-thirds of male mortality and three-quarters of female
mortality, while mortality from cardiovascular disease comprises about 15% of male mortality and
13% of female mortality. Mortality rates are substantially lower for exam participants. Specifically,

29The average age at the time of the health exam is 51 for men and for women.
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compared to the target population, 8-year mortality rates for the exam participants were about 40-
45% lower for men (0.026 compared to 0.045) and for women (0.009 compared to 0.016). However,
the share of deaths due to non-external causes or due to cardiovascular disease is quite similar for
the exam population and the target population.

Exam population: ‘high biomarker’ rates. Table 1 shows the average rates of ‘high biomark-
ers’ for exam participants, as well as their eight year mortality rate following their health exam.
On average, 20% of men have high blood pressure, 11% have high blood glucose, 3% have high
BMI and 13% have high cholesterol; for women the comparable numbers are 13%, 5%, 4% and
17%, respectively. 8-year all-cause mortality rates are 2.7% for men and 1.0% for women; mortality
rates from non-external causes are 1.8% for men and 0.7% for women, and mortality rates for
cardiovascular disease are 0.4% for men and 0.1% for women.

Exam population: Relationship between ‘high biomarker’ and mortality. Table A3
shows the bi-variate relationship between each ‘high biomarker’ and 8-year mortality — all-cause,
for non-external causes, and for cardiovascular disease — separately for men and women. The
relationships are generally as expected. All three mortality measures are increasing in high blood
pressure, high blood glucose, and high BMI for men, and mostly for women too (with the exception
of cardiovascular disease mortality and high BMI for women), with many of these relationships
statistically significant. The relationship between high cholesterol and mortality however tends to
be ‘wrong signed’.

To get a sense of the predictive power of the fully interacted set of health measures from
estimating equation (1), Table A4 shows the distribution of predicted mortality rates. The standard
deviation of the predicted mortality rate is non-trivial. For example, the standard deviation of
predicted all-cause mortality is about 40 percent of the mean of observed all-cause mortality for
both men and women; these numbers are even higher for cardiovascular mortality.

C.2 Disease and mortality income gradients, exam participants

Figure A2 shows the raw disease-income gradients corresponding to the figures in the main text
and Figure A9 and Figure A10 show the raw predicted mortality income gradients corresponding
to the figures in the main text.

C.3 Robustness

Variation in Age by Income Percentile. Figure A23 shows that the average age at first health
exam varies slightly by income. However, Figure A3 shows that all of the disease-income gradients
in the main text look similar if the outcomes are first residualized for dummies for age at the time
of the health exam.

Variation in Exam Participation Rates by Income Percentile. The exam population is
not a random sub-sample of the target population. They are disproportionately female (74.6% of
women are exam participants, compared to 67.1% of men). They are also healthier (recall Table
A5).
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Exam participation rates also vary substantially — albeit non-monotonically — with income
(Figure A1).%C This is particularly pronounced for men where participation rates rise steadily
from about 55% at the bottom of the income distribution to about 90% at the 90th percentile,
before plunging down to about 50% over the top decile. The same non-monotonic pattern holds for
women, but the gradient is much shallower: participation rates rise from about 70% at the bottom
of the income distribution to about 80% at the 85th percentile, before falling to about 50% over
the top decile.

If selection into the health exam population differs by income, this could bias our measurement
of health gradients with respect to income. In particular, any such selection effects on the gradient
would likely lead us to under-estimate (in absolute value) the slope of the negative disease-income
gradients up to about the 85th percentile — since exam participants are healthier and participation
is increasing with income — and then over-estimate it after that for the reverse reason.

In practice, there are several pieces of evidence that suggest our gradient estimates are unlikely
to be substantially affected by such selection. First, the pattern of fairly monotone disease-income
gradients, with the slope steepening at above median income levels (except for cholesterol where
it is flat throughout), is very different from the non-monotonic participation rate patterns by
income. Second, disease-income gradients are larger for women than men, but the compliance-
income gradient is much shallower for women than for men.

Third, we can gauge the likely extent of any selection bias by looking at mortality gradients since,
unlike the health measures, mortality is observed for both exam participants and non-participants.
Figure A1l indicates that the slope of the mortality gradient is very similar for the exam population
and the target population, which is suggestive of the disease-income gradient also being similar.

And finally, we examine gradients separately for those who participate in the health exam
once vs twice over the 2009-2012 health exam window. Figure A13 shows that the disease-income
gradients look very similar for these two groups. Specifically, we exclude manual workers so that
everyone is supposed to get an exam twice during that window.
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Appendix Figures

Figure Al: Mean participation rate by income percentile (2009-2012)
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Notes: Participation rate is the share of the target population that is in the exam population. Average participation
rates are 67.1% (men) and 74.6% (women). Sample size for target population is men: 249,325 and women: 243,964.
23% of men and 26% of women have zero taxable income.
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Figure A2: Biomarker-income gradients
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Figure A3: Age sensitivity check - biomarker-income gradient
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Notes: Sample is limited to the exam population (men: 167,233 and women: 181,903). x-axis shows the household
income percentile. y-axis reports the (natural) log of the 5-percentile moving average of high biomarker rate at a
given income percentile minus the log of the average high biomarker rate across all income percentiles.
age-adjusted results, we first residualize the probability of having the high biomarker for age (using single year of age
indicators) and then analyze the average residuals by income percentile. 23% of men and 26% of women have zero

taxable income.
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Figure A4: Behavior-income gradients
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Figure A5: Income gradient in successfully controlled biomarkers
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Notes: Sample is limited to exam population (men: 167,233 and women: 181,903.) x-axis shows the household income
percentile. y-axis reports the (natural) log of the 5-percentile moving average rate at a given income percentile minus
the log of the average rate across all income percentiles. The average rate of successfully controlled high blood
pressure is 0.132 (men) and 0.110 (women). The average rate of successfully controlled high blood glucose is 0.035
(men) and 0.019 (women). 23% of men and 26% of women have zero taxable income.
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Figure A6: Income gradient in unsuccessfully controlled biomarkers
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Notes: Sample is limited to exam population (men: 167,233 and women: 181,903.) x-axis shows the household income
percentile. y-axis reports the (natural) log of the 5-percentile moving average rate at a given income percentile minus
the log of the average rate across all income percentiles. The average rate of unsuccessfully controlled high blood
pressure is 0.074 (men) and 0.054 (women). The average rate of unsuccessfully controlled high blood glucose is 0.054
(men) and 0.026 (women). 23% of men and 26% of women have zero taxable income.
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Figure A7: Income gradient in healthy biomarkers
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Notes: Sample is limited to exam population (men: 167,233 and women: 181,903.) x-axis shows the household income
percentile. y-axis reports the (natural) log of the 5-percentile moving average rate at a given income percentile minus
the log of the average rate across all income percentiles. The average rate of healthy blood pressure is 0.672 (men)
and 0.759 (women). The average rate of healthy blood glucose is 0.854 (men) and 0.932 (women). 23% of men and
26% of women have zero taxable income.
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Figure A8: Income gradient in uncontrolled biomarkers
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percentile. y-axis reports the (natural) log of the 5-percentile moving average rate at a given income percentile minus
the log of the average rate across all income percentiles. The average rate of uncontrolled high blood pressure is 0.122
(men) and 0.076 (women). The average rate of uncontrolled high blood glucose is 0.058 (men) and 0.023 (women).
23% of men and 26% of women have zero taxable income.
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: Actual vs. Predicted (without behaviors)

Figure A9: Mortality-income gradients
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Notes: Sample is limited to health participants. Figure shows mortality-income gradients and predicted-mortality
income gradients for 167,233 men (left panels) and 181,903 women (right panels) separately for all-cause mortality,
mortality from non-external causes, and cardiovascular mortality. x-axis shows the household income percentile.
y-axis reports the average rate at each income percentile. 23% of men and 26% of women have zero taxable income
(light and dark green dots).
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Figure A10: Mortality-income gradients: Actual vs. Predicted (with behaviors)
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Notes: Sample is limited to health participants. Figure shows mortality-income gradients and predicted-mortality
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y-axis reports the average rate at each income percentile. 23% of men and 26% of women have zero taxable income
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Figure A11: Mortality-income gradients - Target Population vs. Exam Population
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Notes: Mortality is measured as 8-year mortality from the first year we could have observed an individual in a health
exam after they turned 50; mean mortality rates are given in Table A5. x-axis shows the household income percentile.
y-axis reports the (natural) log of the a 5-percentile moving average of the mortality rate at a given income percentile
minus the log of the average mortality rate across all income percentiles for that population. Sample size for target
population is men: 249,325 and women: 243,964. Sample size for exam population is men: 167,233 and women:
181,903. 23% of men and 26% of women have zero taxable income.
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Figure A12: Probability of participation by income percentile and participation frequency
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Notes: Sample is limited to the sub-sample of the target population who are not manual employees, and therefore
are supposed to receive biennial health exams (men: 181,784 and women: 207,645). Average probability rates of
participating once are 0.248 (men) and 0.284 (women) and of participating twice are 0.264 (men) and 0.362 (women).
23% of men and 26% of women have zero taxable income.
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Figure A13: Biomarker-income gradient by participation frequency
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are supposed to receive biennial health exams (men: 93,078 and women: 134,179). We then show results separately
for those who participate in only one health exam between 2009 and 2012 (One-time participants; men: 45,098 and
women: 59,052) and those who participate in two health exams over this period (Two-time participants; men: 47,980
and women: 75,127). x-axis shows the household income percentile. y-axis reports the (natural) log of the 5-percentile
moving average of high biomarker rate at a given income percentile minus the log of the average high biomarker rate

T T T T T
Zero- 1 20 40 60 80
income

Household income percentile

One-time participants ~ —s— Two-time participants

(b) high blood pressure - women

S

T T T
40 60 80
income

Household income percentile

One-time participants ~ —s— Two-time participants

(d) high blood glucose - women

ey

— T T T T
Zero- 1 20 40 60 80
income

Household income percentile

One-time participants ~ —s— Two-time participants

(f) high BMI - women

60

Zero- 40
income
Household income percentile

One-time participants ~ —e— Two-time participants

(h) high cholesterol - women

across all income percentiles. 23% of men and 26% of women have zero taxable income.
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Figure Al4: Behavior-income gradient by participation frequency
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Notes: Sample is limited to the sub-sample of the exam population who are not manual employees, and therefore
are supposed to receive biennial health exams (men: 93,078 and women: 134,179). We then show results separately
for those who participate in only one health exam between 2009 and 2012 (One-time participants; men: 45,098 and
women: 59,052) and those who participate in two health exams over this period (Two-time participants; men: 47,980
and women: 75,127). x-axis shows the household income percentile. y-axis reports the (natural) log of the 5-percentile
moving average of behavior rates at a given income percentile minus the log of the average behavior rate across all
income percentiles. 23% of men and 26% of women have zero taxable income.
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Figure A15: Mean household income by income percentile
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Notes: Sample consists of target population participants (men: 249,325 and women: 243,964). Household income is
the log of mean household income over 3 years.

Figure A16: Distribution of answers to smoking question
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Notes: Figure shows the distribution of answers to question “How many cigarettes do you smoke a day?”. The mean
values for men and women are 18.05 (sd: 7.92) and 11.20 (sd: 6.72) respectively. Dashed line indicates a cutoff for
being a heavy smoker.
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Figure A17: Distribution of answers to drinking frequency question
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Notes: Figure shows the distribution of answers to question “How many days do you drink a week?”. The mean
values for men and women are 2.48 (sd: 1.61) and 1.78 (sd: 1.32) respectively.

Figure A18: Distribution of answers to drinking amount question
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Notes: Figure shows the distribution of answers to question “How many glasses do you drink at one time?”. The
mean values for men and women are 6.80 (sd: 4.28) and 3.66 (sd: 2.85) respectively.
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Figure A19: Distribution of weekly alcohol consumption
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Notes: Figure shows the distribution of weekly alcohol consumption. The mean values for men and women are 18.27
(sd: 19.49) and 7.41 (sd: 11.17) respectively. Dashed line indicates a cutoff for being a heavy drinker.

Figure A20: Distribution of answers to vigorous exercise question
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Notes: Figure shows the distribution of answers to question “How many days do you do a vigorous workout more
than 20 minutes a week?”. The mean values for men and women are 2.45 (sd: 1.66) and 2.72 (sd: 1.77) respectively.
Dashed line indicates a cutoff for sufficient exercise.
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Figure A21: Distribution of answers to moderate exercise question
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Notes: Figure shows the distribution of answers to question “How many days do you do a moderate workout more
than 30 minutes a week?”. The mean values for men and women are 2.63 (sd: 1.70) and 2.93 (sd: 1.79) respectively.
Dashed line indicates a cutoff for sufficient exercise.

Figure A22: Worker type by income percentile
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Notes: Sample consists of target population (men: 249,325 and women: 243,964). 23% of men and 26% of women
have zero taxable income.
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Figure A23: Mean age by income percentile
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Notes: Sample is limited to exam population, and age is defined as the age at which we observe them taking their
first health exam in 2009-2012. 23% of men and 26% of women have zero taxable income.
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Appendix Tables

Table A1l: Average health risks: Korea vs. United States

Korea U.S.
Men Women Men Women
High blood pressure 0.305 0.186  0.200  0.137
High blood glucose  0.113  0.054  0.155  0.068

High BMI 0.026 0.046 0.379 0.391
High cholesterol 0.101 0.130 0.169 0.220
Observations 2,246 3,112 1,062 1,093

Notes: Table compares 2009-2012 data from the U.S. National Health and Nutrition Examination Survey
or NHANES (National Center for Health Statistics 2009-2012) with data from the Korean National Health
and Nutrition Examination Survey, or KNHANES (Korea Centers for Disease Control and Prevention 2009-
2012). We select participants aged 47 and 57 (average age in NHANES: 51.97 (men) and 51.71 (women);
KNHANES: 52.03 (men) and 51.90 (women)). Outcomes are defined using the same cutoffs as in the main
analyses (see footnote 7.) All means are weighted using the appropriate survey weights.

Table A2: Annual mortality rates - Korea vs. United States

Korea UsS
Overall Men Women Overall Men Women

All-cause mortality

Age 35-44 0.001  0.002  0.001 0.002  0.002  0.001
Age 45-54 0.003  0.005  0.002 0.004 0.005  0.003
Age 55-64 0.007  0.011  0.004 0.009 0.011  0.007
Age 65+ 0.037 0.045 0.032 0.047  0.050  0.045

Share external mortality

Age 35-44 0.349 0.369  0.300 0.345 0.397  0.258
Age 45-54 0.220 0.233 0.184 0.168 0.192  0.128
Age 55-64 0.137  0.147  0.111 0.064 0.074  0.048
Age 65+ 0.065 0.076  0.056 0.025 0.030 0.021
Share CV mortality

Age 35-44 0.143 0.1564  0.116 0.218 0.225  0.205
Age 45-54 0.174 0.172  0.179 0.299 0.322 0.261
Age 55-64 0.225 0.217  0.247 0.357 0.383  0.318
Age 65+ 0.344 0.328  0.358 0.467 0.490  0.448

Note: Based on the official mortality data in 2006 from Statistics Korea (2023) and Centers for Disease
Control and Prevention (2010). Share external mortality is the share of all-cause mortality from external
causes and Share CV mortality is the share of all-cause mortality from cardiovascular disease.
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Table A3: Bivariate relationship between 8-year mortality and health risk factors

All-cause Non-external Cardiovascular
Men Women Men ‘Women Men Women
Mean mortality 0.027 0.010 0.018 0.007 0.004 0.001

Biomarkers

High blood pressure  0.251 0.365 0.260 0.430 0.629 1.129
(0.040) (0.079) (0.049) (0.096) (0.109) (0.263)

High blood glucose 0.726 1.110 0.767 1.224 0.385 1.921
(0.058) (0.154) (0.072) (0.189) (0.133) (0.503)

High BMI 0.082 0.334 0.205 0.404 0.763  -0.089
(0.090) (0.142) (0.117) (0.173) (0.283) (0.330)
High cholesterol -0.103  -0.125  -0.138  -0.201 0.283 -0.321

(0.042) (0.060) (0.051) (0.070) (0.119) (0.155)

Health behaviors

Smoking 0347  1.009  0.370  0.671 0423  1.466
(0.044) (0.190) (0.055) (0.209) (0.112) (0.590)
Drinking -0.337  -0.153  -0.378 -0.195 -0.326  -0.426
(0.029) (0.062) (0.036) (0.072) (0.073) (0.152)
Exercise -0.260 -0.078 -0.210 -0.120 -0.344  -0.572

(0.032)  (0.049) (0.039) (0.058) (0.080) (0.142)

Note: Sample is limited to exam population (men: 167,233 and women: 181,903). Each cell reports the
coeflicient from a separate bivariate regression of the 8-year mortality measure on biomarkers and health
behaviors. Robust standard errors are in parentheses. Each column’s coefficients and standard errors are
divided by that column’s mean mortality, so entries read as relative to the average mortality rate.

Table A4: Predicted mortality rates

All-cause Non-external Cardiovascular

Men Women Men Women Men Women

8-year Observed mortality rate
Mean 0.027  0.010 0.018 0.007 0.004 0.001

8-year Predicted mortality rate
Four biomarkers

Mean 0.027 0.010 0.018 0.007 0.004 0.001
SD 0.011  0.004 0.008 0.003 0.002 0.001
Four biomarkers and three health behaviors

Mean 0.027  0.010 0.018 0.007 0.004 0.001
SD 0.024 0.013 0.019 0.010 0.010 0.004

Note: Sample is limited to the exam population (men: 167,233 and women: 181,903). Predicted mortality
is generated using a linear probability model. The “four biomarkers” prediction is generated by regressing
(separately for men and women) a mortality measure on a fully saturated set of 81 (=3%) indicators for the
three possible health states (high, elevated or normal) for each of the four biomarkers. The “four biomarkers
and three health behaviors” is generated analogously, but now we include a fully saturated set of 2,187 (=37)
indicators for the three possible values of each of the seven variables; for the health behaviors, the three
possible values are heavy, any, or none for smoking and drinking, and none, any, or sufficient for exercise.
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Table A5: 8-year mortality rates

Target population

Exam population Non-exam population

Men Women Men Women  Men Women
8-year Mortality rate
All-cause 0.045 0.016 0.026 0.009 0.085 0.037
Non-external 0.029 0.012 0.017 0.006 0.055 0.027
Cardiovascular 0.008 0.002 0.004 0.002 0.015 0.005
Observations 249,325 243,964 167,233 181,903 82,092 62,061

Note: The exam population and non-exam population are mutually exclusive and exhaustive subsets of
the target population. For all three group, 8-year mortality is measured from the first year we could have
observed them taking a 2009-2012 health exam after they turned 50.

Table A6: 8-year mortality rates by participation frequency

One-time participants

Two-time participants

Men Women Men Women
8-year Mortality rate
All-cause 0.046 0.016 0.018 0.007
Non-external 0.031 0.012 0.011 0.005
Cardiovascular 0.008 0.002 0.003 0.001
Observations 45,098 59,052 47,980 75,127

Note: 8-year mortality is measured for the eight years after the first health exam.

Table A7: Correlation of individual hou:

sehold income percentiles over time

Correlation

2006 and 2007 income
2007 and 2008 income
2008 and 2006 income

Men Women
0.922  0.900
0.924  0.898
0.881  0.846

Note: Analysis is limited to the exam population (men

: 167,233 and women: 181,903). Household income

percentiles is defined by yearly household income relative to the household income of all others in the

individual’s birth cohort and sex.
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