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Summary
Background Health metrics in the United States (US) have lagged behind other high-income countries in recent
decades, and show persistent gaps between socio-demographic groups. Top 20% income earners and college
graduates have also increasingly diverged from the reminder of the population in various dimensions over the
past few decades. This study described population patterns in cardiovascular diseases (CVD) by income and
education over a twenty-year period.

Methods This analysis used nationally representative data from 10 cycles (1999–2018) of the National Health and
Nutrition Examination Survey (NHANES). Participants were stratified by income and education into four groups: top
20% income earners, college graduates; top 20% income earners, non-college graduates; bottom 80% income earners,
college graduates; and bottom 80% income earners, non-college graduates. For income, we created a binary variable
(ratio > 5 cutoff) using NHANES income-to-poverty ratio variable to create a standardized measure of income. We
calculated the age-standardized prevalence and odds ratios of four conditions: congestive heart failure (CHF),
angina, heart attack, and stroke, for each income-education group.

Findings 49,704 participants reported data for both income and education. The age-standardized prevalence of CVD
outcomes varied across the four groups. This was most significant when comparing the prevalence among the top
20% income, college graduate group to the bottom 80% income, non-college graduate group: CHF (0.5% vs.
3.0%), angina (1.4% vs. 2.8%), heart attack (1.7% vs. 3.9%), and stroke (1.1% vs. 3.4%). Compared to the top 20%
income, college graduate group, the odds of all CVD conditions were significantly higher in the bottom 80%
income groups (college graduates: odds ratios (ORs) 1.48–3.67; non-college graduates: ORs 2.36–6.52), as well as
for CHF and heart attack in the top 20% income, non-college graduates (OR 3.11 [95% CI: 1.92, 5.06] and OR
1.92 [95% CI: 1.35, 2.73], respectively).

Interpretation Health gaps extend beyond extremes, with risk clustering favoring top 20% income earners with
college degrees while most Americans are left behind. Future research should include longitudinal studies that focus
on the mechanisms through which both income and education intersect to shape CVD outcomes in the US.
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Introduction
Although the United States (US) has the highest
spending on healthcare per capita among peer coun-
tries, health metrics have lagged behind other high-
income countries in recent decades.1,2 This poor health
in the US is unevenly distributed, with persistent, and in
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some cases growing, gaps in health achievement among
different socio-demographic groups.3–5 Life expectancy
among the richest 1% of Americans is now 10 years
higher for both men and women compared to the
poorest 1% of Americans.1 However, gaps in health are
not restricted to sociodemographic extremes. Recent
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Research in context

Evidence before this study
We used PubMed to search for academic literature on income,
education, and cardiovascular disease in the US on July 15,
2024. We used the following search terms: (cardiovascular*
OR heart* OR CVD OR angina OR heart attack OR stroke OR
congestive heart failure OR heart failure) AND (educat* OR
college OR university) AND (income OR poverty) AND
(adult*), and then added the term “AND (United States OR US
OR USA OR American OR America)”. A total of 4285 results,
including articles, books and documents were obtained. Upon
review of articles, we identified 34 as relevant.
The data highlight that over 70% of cardiovascular morbidity
and mortality is associated with modifiable risk factors. In US
adult populations, as well as other regions, significant inverse
associations have been found between income, as well as
educational attainment, and cardiovascular outcomes.
Similarly, determinants of health such as employment, marital
status, race/ethnicity, and health insurance have been
independently studied and found to be associated to
cardiovascular health outcomes. The literature also shows that
interventions to decrease cardiovascular risk and improve
cardiovascular health have had uneven effects across different
population groups, sometimes leading to an increase in
disparities.

Added value of this study
This study used data from a representative sample of nearly
50,000 American adults, from 10 cycles of the NHANES, to
examine the interplay of income and education and
cardiovascular outcomes between 1999 and 2018. It suggests
that the top 20% income earners-college graduates, which
represent a small proportion of US population, experience a
clustering of advantageous socio-economic resources and
needs, making them less likely to experience poor
cardiovascular health compared to the majority of Americans.

Implications of all the available evidence
There is a socio-economic clustering of protective factors for
cardiovascular health among a small group of Americans,
despite ongoing efforts to narrow health disparities. This
underscores the need for policies and interventions that
address structural barriers to cardiovascular health equity.
Future research should aim to identify the specific pathways
through which income and education converge to shape
cardiovascular health outcomes in the US, with an emphasis
on developing and evaluating interventions that effectively
mitigate disparities. Additionally, public health initiatives
should integrate multi-sectoral approaches—spanning
healthcare, education, labor, economic, and social policies—to
ensure that cardiovascular health improvements benefit all
Americans.
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analyses show that trends in cardiovascular disease
(CVD) outcomes—the leading cause of morbidity and
mortality in the US—over the past two decades were
markedly different between the top 20% income earners
and the remainder of the US population.6,7 These trends
in CVD outcomes are coincident with widening in the
income gap in the US population, with the income of
the richest 20% diverging substantially from that of the
remaining 80%.6,7

The widening gaps in CVD outcomes between
the top 20% earners and the remainder of the popula-
tion suggest that other foundational markers of
health-promoting resources—that often co-vary with
income—may also contribute to CVD, and overall,
health gaps. Education is likely central in this regard.
Educational attainment in the US is largely patterned by
access to wealth and socioeconomic context.8,9 Adults
with higher educational attainment live longer and
healthier lives, and conversely, adults with poor educa-
tion live shorter lives in poorer health.10 For example,
one analysis showed that Americans with less than high
school education were four times as likely to report poor
health status compared to those with a post-secondary
education.11 There is also strong evidence of an in-
verse dose–response relationship between increasing
years of education and prevalence of risky health be-
haviors as well as the probability of adverse health
outcomes.12,13 Risk factors for CVD are also strongly
associated with education.14 For example, a UK Biobank
natural experiment found that on average, those who
chose to stay in school after 15 were less likely to be
diagnosed with hypertension and had lower arterial
stiffness, compared to those who did not.15

The observations that there is a growing gap in CVD
outcomes between the richest 20% and the remainder of
the US population, and that this gap can contribute then
to overall health disparities, suggest that it is important
to understand underlying mechanisms, including by
education.6,7 We chose education strata that were
meaningful to growing social status separation in the
US. We stratified education by college graduation as
there is growing evidence that this group, and the
top 20% by income, are progressively divergent from
the remainder of the population across many
dimensions.3,16–18

This study thus aims to describe how income and
education stratifications converge to explain the
diverging trajectories and population patterns in CVD
outcomes in recent decades in the US. In particular, the
study aims to examine whether there are increasingly
diverging trajectories in CVD outcomes between top
20% of income earners who have a college degree or
more and the remainder of the US population over a
twenty-year period in the US. This is a particularly
www.thelancet.com Vol 44 April, 2025
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important area of inquiry given the slowdown of na-
tional reductions in CVD morbidity and mortality over
the past few decades.7 Importantly, it is the group, top
20% earners and college graduates, that is largely
responsible for decision-making that shapes the health
of the entire US population.19

Methods
Data source and study population
We used data from the National Health and Nutrition
Examination Survey (NHANES), a serial cross-sectional
survey designed to assess health and nutrition status of
people in the United States. Conducted by the National
Center for Health Statistics, NHANES collects nation-
ally representative samples each year and releases data
in two-year cycles.20 NHANES uses a stratified, multi-
stage probability sampling approach to select partici-
pants representative of the civilian, non-institutionalized
U.S. population. The NHANES website documents the
sampling process.21 The NHANES survey consists of
two components: interviews and physical examinations.
The interview process collects demographic, socioeco-
nomic and health-related information, and a subset of
participants receive physical examination that includes
medical, dental and laboratory tests performed by
trained medical personnel.21 NHANES sampling strat-
egy and large sample size enhance the precision of es-
timates. Moreover, we reported confidence interval (CI)
widths throughout to provide a measure of the uncer-
tainty associated with each estimate and provide insights
around the sample size adequacy.

In this study, we used NHANES data from 1999 to
2018 for adults who were 20 years and older. We then
constructed a weight variable combining ten survey
cycles from 1999 to 2018 using the NHANES inverse
probability medical weights. The inverse probability
weights provided by NHANES adjusted for both
unequal probability of sampling and nonresponse.
Additionally, NHANES made post-stratification adjust-
ments to match the U.S. civilian non-institutionalized
population. Following NHANES guidelines, we devel-
oped a twenty-year survey weight by combining the four-
year weight used in survey cycles 1 and 2 (1999–2002)
with the two-year weights used in survey cycles 3
through 10 (2003–2018).22 For the two-year prevalence,
measurements used a two-year weight created through
NHANES guidelines.22 The bivariable and multivariable
models spanning twenty years used the twenty-year
medical weight.

We selected potential confounders to include in this
paper using the modified disjunctive cause criterion.23

Based on this approach, age, sex, race/ethnicity,
marital status, citizenship status, and insurance status
were retained as potential confounders. These variables
were likely to influence both the exposures (income and
educational level) and the outcome (CVD prevalence)
through social, economic, and biological mechanisms.
www.thelancet.com Vol 44 April, 2025
Clinical biomarker variables, including body mass index
(BMI), systolic blood pressure (SBP), high-density lipo-
protein (HDL), and low-density lipoprotein (LDL), were
treated as intermediate variables that may mediate the
relationship between income/education and CVD prev-
alence but can also potentially be confounders. We thus
conducted two analyses: one excluding biomarker vari-
ables as potential mediators and another including them
to estimate direct effects. We also considered the po-
tential influence of unmeasured confounders, such as
early-life socioeconomic conditions and parental edu-
cation. However, the NHANES dataset does not include
relevant proxies for these variables.

Demographic metrics, including income level and
educational attainment
Demographic characteristics in our analyses included age
(20–39 years old, 40–59 years old, or 60 years and older),
sex (male or female), race/ethnicity (White non-Hispanic,
Black non-Hispanic, Hispanic, or other non-Hispanic),
marital status (married or not married), citizenship sta-
tus (US citizen or non-US citizen) and insurance status
(health insurance or no health insurance). In addition, we
included survey cycle as a continuous variable.

We developed a variable to describe the combination
of income and education, using two NHANES variables:
income-to-poverty ratio and education level. Income-to-
poverty ratio is a more accurate measurement of par-
ticipant’s socioeconomic status compared to crude
family income because it represents the annual family
income adjusted for family size and poverty threshold
guidelines of specific survey year, as published by the
Department of Health and Human Service (HHS).24

Income-to-poverty ratio was treated as missing if a
participant’s family income was missing or if
respondents reported their income as “<$20,000” or
“≥$20,000”. When income-to-poverty ratio was above 5,
NHANES coded the ratio as 5 due to disclosure con-
cerns. We dichotomized income-to-poverty ratio into
greater than or equal to 5 or less than 5, which roughly
represents the richest 20% and the remainder 80% of
participants in our sample.

With the increasing level of educational attainment
in the US over the past two decades, we created a binary
education variable using completion of college (4-years
college) as a cut-off. Participants who are still in
college are classified by NHANES as having a high-
school degree as the highest degree. We defined
college graduate as having a college degree or more, and
some college or less as non-college graduate.25

We then combined the income-to-poverty ratio
and education level into a categorical variable
representing combined income and education: top
20% income earners, college graduates; top 20% income
earners, non-college graduates; bottom 80% income
earners, college graduates; and bottom 80% income earners,
non-college graduates.
3
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Clinical biomarker health metrics and
cardiovascular outcomes
NHANES collects biomarker information during the
physical and laboratory examination process, which was
measured in a subset of participants who completed the
physical examination. NHANES provides BMI as a
person’s mass in kilograms divided by the square of
their height in meters. For SBP, NHANES collects three
consecutive measurements, with a fourth taken if a
previous reading was incomplete. We defined mean
SBP as the mean of three measurements. NHANES
provides HDL and LDL in mg/dL. We created binary or
categorical variables using these biomarker measure-
ments. We defined obesity as a BMI greater than or
equal to 30 kg/m2, high systolic blood pressure as a
mean SBP greater than or equal to 130 mmHg, low
HDL as less than 40 mg/dL, and low LDL as less than
70 mg/dL, normal LDL as 70–159 mg/dL, and high LDL
as greater than or equal to 160 mg/dL.26–29 For this
paper, we hypothesized that biomarkers can potentially
operate as either confounders or mediators depending
on the proposed causal pathway. To account for either
possibility, we included regression models that exclude
biomarkers as potential mediators as well as sensitivity
analyses that include them as potential confounders.

CVD outcomes in this analysis consisted of self-
reported variables extracted from NHANES interview
section, where participants were asked if they were ever
told by a healthcare professional that they had a car-
diovascular condition, including a) congestive heart
failure (CHF), b) angina/angina pectoris, c) heart attack,
or d) stroke.

Statistical analysis
We used data from 1999 to 2018 to assess the relation-
ship between the combination of income and education,
and various health outcomes. First, we calculated
twenty-year inverse probability weights using the
method described in a preceding section. Second, we
performed a descriptive analysis on the twenty-year
sample to compare demographics, income and educa-
tional information, and clinical biomarkers within the
four categories. Third, we calculated the age-
standardized prevalence of cardiovascular outcomes
using the 2000 Census population proportions provided
by NHANES for both the twenty-year sample and for
each survey cycle.30 We compared the age-standardized
prevalence of CHF, angina, heart attack, and stroke
among participants across each of the four categories
representing combined income and education. We
calculated confidence intervals for proportions using the
Korn and Graubard method, which account for age-
adjustment and design effect, thereby accounting for
the stratification, clustering, and unequal weighting
present in complex survey design.31–33 We performed
chi-square tests with Rao-Scott correction to assess sta-
tistical significance.34 We evaluated the chi-square tests
to ensure that no expected cell count is less than 1 and
no more than 20% of the expected cell counts are less
than 5. We found no deviations from these
assumptions.

Fourth, we analyzed the association between
different demographic variables and the combination of
income and education on each CVD outcome by
running logistic regression models. Model 1 assessed
the odds of each CVD outcome given the combination
of income and education. Model 2 additionally
controlled for demographic variables age, sex, race/
ethnicity, marital status, citizenship status, health in-
surance status, and survey cycle. Model 3 additionally
controlled for BMI, SBP, HDL, and LDL. To assess
potential residual confounding due to the categorization
of variables, we conducted a sensitivity analysis using
linear regression, treating all variables that could be
converted into continuous forms as continuous.

In all analyses, we treated participants who responded
“refuse” or “don’t know” to a specific question as
missing. Our final sample consisted of participants above
20 years old who completed the physical examination
with no missing data for the categorical variable repre-
senting combined income and education. In the main
model, there were 1011 participants missing at least one
predictor (2%). In the sensitivity analysis that adds the
biomarker predictors to the model, there were 33,812
participants missing at least one predictor (71.0%), the
majority of which was due to LDL variable, which was
missing 26,796 responses. We have opted to not impute
missing data for predictors due to low missingness (<5%)
in the main model and high missingness in the sensi-
tivity analyses with biomarkers, which can lead to less
reliable results. Supplementary Fig. S1 is a flowchart
describing the analysis inclusion criteria. We used R
version 4.2.3 and the packages “data.table”, “tidyverse”,
“survey”, “srvyr”, “treemapify”, and “ggh4x”.35–42

Ethical approval
Review and approval by an Institutional review board
was not required for this study, as it involved a
secondary analysis of publicly available data.

Role of the funding source
The funder had no involvement in the study’s design,
execution, data collection, management, analysis, or
interpretation, nor in the preparation, review, approval
of the manuscript, or the decision to submit it for
publication.
Results
Participant characteristics
Of the 52,398 eligible participants aged 20 years or
older who completed the physical examination, 49,704
participants had data for both income-to-poverty ratio
and education (94.9%, unweighted) and were included
www.thelancet.com Vol 44 April, 2025
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in the analysis. Fig. 1 summarizes the frequency dis-
tribution and weighted percentage of the income and
education variable. Over half of the top 20% income
participants were college graduates (55.8%, 4746/8762;
[95% Confidence Interval (CI): 53.7%, 57.9%]), while
less than a fifth of the bottom 80% income participants
were college graduates (18.7%, 6089/40,942; [95% CI:
17.7%, 19.8%]). Table 1 shows the frequency and
weighted percentage of participants by income and
education. A chi-squared test for each variable showed
statistically significant differences between groups
(p < 0.001). These characteristics are provided with age
standardization in the Supplementary information
(Supplementary Table S2).

Prevalence of cardiovascular outcomes, 1999–2018
Fig. 2 presents the age-standardized prevalence of the
four cardiovascular outcomes across each two-year cycle
of the sample. The prevalence of CHF remained relatively
stable over survey cycles; the highest prevalence was 2.7%
(171/5052; [95% CI: 1.9%, 3.6%]) in 2011–2012 and the
lowest prevalence was 1.9% (156/5566; [95% CI: 1.4%,
2.5%]) in 2009–2010. Angina was more common in early
survey cycles and less common in later survey cycles,
Fig. 1: Characteristics of study participants, 1999–2018.

www.thelancet.com Vol 44 April, 2025
peaking at 3.1% (205/4699; [95% CI: 2.1%, 4.4%]) in
2003–2004 and nadiring at 1.9% (140/5567; [95% CI:
1.4%, 2.5%]) in 2009–2010. Heart attack had the highest
prevalence across almost all survey cycles, peaking at
3.8% (250/4706; [95% CI: 2.9%, 4.8%]) in 2003–2004.
Stroke gradually increased in prevalence from 2.2% (160/
4120; [95% CI: 1.8%, 2.8%]) in 1999–2000 to 3.2% (243/
4766; [95% CI: 2.6%, 3.8%]) in 2017–2018.
Supplementary Table S3 provides the prevalence of CVD
outcomes by all study charateristics. Crude prevalence
revealed a similar, albeit more fluctuating, pattern of re-
sults (Supplementary Fig. S2).

Overall prevalence of cardiovascular outcomes by
income and education, 1999–2018
Fig. 3 presents the age-standardized prevalence of the
four cardiovascular outcomes over the whole sample.
Fewer than 1% of top 20% income, college graduate
participants reported CHF (0.5%, 42/4746; [95% CI:
0.3%, 0.4%]), increasing in prevalence with each group:
1.5% (95/4016; [95% CI: 1.2%, 2.0%]) of top 20% in-
come, non-college graduate participants, 1.6% (139/
6089; [95% CI: 1.3%, 2.0%]) of bottom 80% income,
college graduate participants, and 3.0% (1418/34,853;
5
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Top 20% income, college
graduate

Top 20% income, non-college
graduate

Bottom 80% income, college
graduate

Bottom 80% income,
non-college graduate

p-value

No. Weighted % [95% CI] No. Weighted % [95% CI] No. Weighted % [95% CI] No. Weighted % [95% CI]

Overall (n = 49,704) 4746 14.2% [13.2%, 15.3%] 4016 11.3% [10.7%, 11.9%] 6089 14.0% [13.2%, 14.7%] 34,853 60.6% [59.0%, 62.1%]

Characteristic

Age, y <0.0001

20–39 1497 30.4% [28.1%, 32.8%] 1014 25.5% [23.5%, 27.5%] 2436 42.8% [40.7%, 44.9%] 12,298 40.7% [39.6%, 41.7%]

40–59 1918 47.2% [44.9%, 49.5%] 1693 51.6% [49.6%, 53.6%] 1916 35.8% [34.0%, 37.7%] 10,085 33.5% [32.6%, 34.4%]

≥60 1331 22.4% [20.5%, 24.4%] 1309 22.9% [21.1%, 24.8%] 1737 21.4% [19.9%, 23.0%] 12,470 25.9% [25.0%, 26.8%]

Sex <0.0001

Male 2460 51.4% [50.3%, 52.6%] 2066 52.2% [50.7%, 53.7%] 2838 45.9% [44.4%, 47.4%] 16,614 47.1% [46.5%, 47.6%]

Female 2286 48.6% [47.4%, 49.7%] 1950 47.8% [46.3%, 49.3%] 3251 54.1% [52.6%, 55.6%] 18,239 52.9% [52.4%, 53.5%]

Race/ethnicity <0.0001

White non-Hispanic 2948 83.9% [82.1%, 85.6%] 2391 82.6% [80.7%, 84.4%] 3101 72.4% [70.1%, 74.6%] 14,120 62.1% [59.3%, 64.8%]

Black non-Hispanic 574 4.4% [3.7%, 5.2%] 752 7.1% [6.1%, 8.2%] 1091 9.0% [8.0%, 10.1%] 7893 13.8% [12.3%, 15.4%]

Hispanic 384 3.4% [2.9%, 3.9%] 615 6.1% [5.2%, 7.1%] 803 7.9% [6.8%, 9.1%] 10,489 18.1% [16.0%, 20.3%]

Asian non-Hispanic 617 3.9% [3.1%, 4.9%] 141 1.1% [0.9%, 1.4%] 742 4.7% [3.8%, 5.6%] 1087 1.5% [1.3%, 1.8%]

Other non-Hispanic 223 4.4% [3.5%, 5.5%] 117 3.1% [2.3%, 4.0%] 352 6.0% [5.0%, 7.2%] 1264 4.5% [4.0%, 5.0%]

Marital status <0.0001

Married 3433 74.3% [72.2%, 76.3%] 2635 69.7% [67.6%, 71.8%] 3359 57.3% [55.0%, 59.5%] 16,420 49.0% [47.7%, 50.3%]

Not married 1264 25.7% [23.7%, 27.8%] 1342 30.3% [28.2%, 32.4%] 2675 42.7% [40.5%, 45.0%] 18,094 51.0% [49.7%, 52.3%]

Citizenship status <0.0001

US citizenship 4429 95.8% [94.9%, 96.6%] 3839 97.3% [96.5%, 98.0%] 5341 91.6% [90.3%, 92.7%] 29,308 89.3% [88.3%, 90.4%]

Non-US citizenship 314 4.2% [3.4%, 5.1%] 177 2.7% [2.0%, 3.5%] 745 8.4% [7.3%, 9.7%] 5488 10.7% [9.6%, 11.7%]

Health insurance <0.0001

Health insurance 4650 98.1% [97.4%, 98.6%] 3741 93.9% [92.6%, 95.1%] 5351 89.5% [88.3%, 90.6%] 25,889 75.6% [74.5%, 76.8%]

No health insurance 95 1.9% [1.4%, 2.6%] 272 6.1% [4.9%, 7.4%] 733 10.5% [9.4%, 11.7%] 8928 24.4% [23.2%, 25.5%]

Cardiovascular disease outcomes

Congestive heart failure 42 0.5% [0.3%, 0.8%] 95 1.6% [1.2%, 2.0%] 139 1.7% [1.3%, 2.1%] 1418 3.1% [2.9%, 3.4%] <0.0001

Angina 83 1.4% [1.0%, 1.9%] 101 2.1% [1.6%, 2.7%] 140 1.8% [1.4%, 2.3%] 1154 2.9% [2.7%, 3.2%] <0.0001

Heart attack 111 1.8% [1.4%, 2.2%] 153 3.3% [2.6%, 4.2%] 201 2.2% [1.9%, 2.6%] 1744 4.0% [3.8%, 4.3%] <0.0001

Stroke 70 1.1% [0.8%, 1.5%] 106 1.8% [1.4%, 2.3%] 174 2.3% [1.9%, 2.8%] 1629 3.5% [3.3%, 3.8%] <0.0001

Estimates unweighted; percentages weighted with twenty-year NHANES interview weights. Observations were not age standardized. The Korn and Graubard method was used to calculate the 95%
confidence interval. Significance estimated using a chi-squared test with Rao & Scott correction. Participants were missing marital status (N = 482), citizenship status (N = 63), health insurance (N = 45),
congestive heart failure (N = 144), angina (N = 162), heart attack (N = 78), or stroke (N = 64).

Table 1: Characteristics of study participants by combination of income and education, 1999–2018.
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[95% CI: 2.8%, 3.3%]) of bottom 80% income, non-
college graduate participants. The top 20% income,
college graduate group had the lowest prevalence of
angina (1.4%, 83/4746; [95% CI: 1.0%, 1.8%]). The top
20% income, non-college graduate group had an angina
prevalence of 2.0% (101/4016; [95% CI: 1.5%, 2.6%]).
The prevalence for the bottom 80% income, college
graduate group was 1.7% (140/6089; [95% CI: 1.3%,
2.2%]). The bottom 80% income, non-college graduate
group had the highest prevalence of angina (2.8%, 1154/
34,853; [95% CI: 2.6%, 3.1%]). The top 20% income,
college graduate group had the lowest prevalence of
heart attack, and the bottom 80% income, non-college
graduate group had the highest (1.7%, 111/4746; [95%
CI: 1.3%, 2.2%] and 3.9%, 1744/34,853; [95% CI: 3.6%,
4.1%], respectively). The top 20% income, non-college
graduate group had a higher prevalence than the bot-
tom 80% income, college graduate group (3.2%, 153/
4016; [95% CI: 2.5%, 4.1%] and 2.1%, 201/6089;
[95% CI: 1.8%, 2.5%], respectively). Stroke showed a
similar pattern to CHF, with 1.1% (70/4746; [95% CI:
0.8%, 1.5%]) for top 20% income, college graduate, 1.7%
(106/4016; [95% CI: 1.3%, 2.2%]) for top 20% income,
non-college graduate, 2.2% (174/6089; [95% CI: 1.8%,
2.7%]) for bottom 80% income, college graduate, and
3.4% (1629/34,853; [95% CI: 3.2%, 3.6%]) for bottom
80% income, non-college graduate. The crude preva-
lence of cardiovascular outcomes by income and edu-
cation reflects the age-standardized prevalence
(Supplementary Fig. S3).

Odds ratios of cardiovascular outcomes by income
and education, 1999–2018
Fig. 4 shows three models depicting the odds of each
cardiovascular outcome given a combination of income
and education, using the top 20% income, college
www.thelancet.com Vol 44 April, 2025

http://www.thelancet.com


Fig. 2: Age-standardized prevalence of cardiovascular outcomes by survey cycle, 1999–2018. Weighted with NHANES two-year interview
weights. Observations were age standardized. The Korn and Graubard method was used to calculate the 95% confidence interval. Error bars
represent the 95% confidence interval. Participants were missing congestive heart failure (N = 144), angina (N = 162), heart attack (N = 78),
or stroke (N = 64).
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graduate group as the reference. Other groups had
higher odds of each condition across all three models,
except for the bottom 80% income, college graduate
group for angina.

The bivariable model (Model 1) showed higher odds
of CHF (Odds Ratio (OR): 3.17 [95% CI: 1.95, 5.15]),
angina (OR: 1.49 [95% CI: 1.01, 2.18]), heart attack (OR:
1.91 [95% CI: 1.34, 2.71]), or stroke (OR: 1.57 [95% CI:
1.03, 2.41]) for the top 20% income, non-college grad-
uate group. The bottom 80% income, college graduate
group was more likely to have CHF (OR: 3.30 [95% CI:
2.10, 5.19]) or stroke (OR: 2.04 [95% CI: 1.38, 3.00]). The
bottom 80% income, non-college graduate group was
Fig. 3: Age-standardized prevalence of cardiovascular outcomes by co
NHANES twenty-year interview weights. Observations were age standard
confidence interval. Error bars represent the 95% confidence interval. P
(N = 162), heart attack (N = 78), or stroke (N = 64).

www.thelancet.com Vol 44 April, 2025
more likely to have experienced CHF (6.34 [95% CI:
4.17, 9.63]), angina (2.11 [95% CI: 1.56, 2.85]),
heart attack (2.32 [95% CI: 1.80, 2.98]), or stroke (3.17
[95% CI: 2.32, 4.34]).

Table 2 displays the model controlling for
demographics (Model 2 in Fig. 4). Generally, the odds of
reporting CVD outcomes increased along top 20% in-
come, college graduate; top 20% income, non-college
graduate; bottom 80% income, college graduate; and
bottom 80% income, non-college graduate. For CHF,
compared to the top 20% income, college graduate
group, the top 20% income, non-college graduate group
had 3.11 [95% CI: 1.92, 5.06] times the odds, the bottom
mbination of income and education, 1999–2018. Weighted with
ized. The Korn and Graubard method was used to calculate the 95%
articipants were missing congestive heart failure (N = 144), angina
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Fig. 4: Forest plot of age-standardized odds of each cardiovascular outcome for the combination of income and education across three
models, 1999–2018. Model 1 regresses the combination of income and education on each cardiovascular outcome. Model 2 controls for age,
sex, race/ethnicity, marital status, citizenship status, health insurance, and survey cycle. Model 3 controls for the covariates presented in Model 2
and BMI, SBP, HDL, and LDL. Models 1 and 2 were weighted with NHANES twenty-year interview weights. Model 3 was weighted with NHANES
twenty-year medical weights. Observations were age standardized. Error bars represent the 95% confidence interval. For Model 1, participants
were missing congestive heart failure (N = 144), angina (N = 162), heart attack (N = 78), or stroke (N = 64). For Model 2, participants were
missing marital status (N = 482), citizenship status (N = 63), health insurance (N = 45), congestive heart failure (N = 144), angina (N = 162),
heart attack (N = 78), or stroke (N = 64). For Model 3, participants were missing marital status (N = 432), citizenship status (N = 59), health
insurance (N = 40), BMI (N = 942), SBP (N = 4792), HDL (N = 6990), LDL (N = 26,796), congestive heart failure (N = 132), angina (N = 152),
heart attack (N = 70), or stroke (N = 58).
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80% income, college graduate group had 3.67 [95% CI:
2.34, 5.76] times the odds, and the bottom 80% income,
non-college graduate group had 6.52 [95% CI: 4.28, 9.93]
times the odds. Angina had a similar trend. Compared
to the top 20% income, college graduate group, the
bottom 80% income, college graduate group had 1.51
[95% CI: 1.03, 2.22] times the odds of angina and the
bottom 80% income, non-college graduate group had
2.36 [95% CI: 1.75, 3.18] times the odds. This trend
remained for stroke, with half-over the odds for the top
20% income, non-college graduate group, twice the odds
for the bottom 80% income, college graduate group
(OR: 2.20 [95% CI: 1.49, 3.26]), and thrice the odds for
the bottom 80% income, non-college graduate group
(OR: 3.07 [95% CI: 2.23, 4.24]), compared to the top 20%
income, college graduate group. The trend was different
for heart attack. Compared to the top 20% income,
college graduate group, the top 20% income, non-
college graduate group had higher odds of heart attack
(OR: 1.92 [95% CI: 1.35, 2.73]), but the bottom 80%
income, college graduate group had 1.48 [95% CI: 1.10,
1.99] times the odds of heart attack. The bottom 80%
income, non-college graduate group had 2.63 [95% CI:
2.04, 3.39] times the odds of heart attack compared to
the top 20% income, college graduate group.

In the model controlling for demographics and
biomarkers (Model 3), the top 20% income, non-college
graduate group was more likely to have experienced
CHF (OR: 2.86 [95% CI: 1.18, 6.94]) or heart attack
(OR: 1.69 [95% CI: 1.05, 2.73]). The bottom 80%
www.thelancet.com Vol 44 April, 2025

http://www.thelancet.com


Congestive heart failure Angina Heart attack Stroke

Odds ratios [95% CI] p-value Odds ratios [95% CI] p-value Odds ratios [95% CI] p-value Odds ratios [95% CI] p-value

Characteristic

Age, y

20–39 Reference [1] Reference [1] Reference [1] Reference [1]

40–59 6.36 [4.58, 8.85] <0.0001 7.32 [5.08, 10.5] <0.0001 8.92 [6.63, 12.0] <0.0001 5.27 [3.84, 7.24] <0.0001

≥60 26.6 [18.7, 37.8] <0.0001 23.4 [16.3, 33.7] <0.0001 33.8 [25.1, 45.4] <0.0001 19.4 [14.8, 25.4] <0.0001

Sex

Male Reference [1] Reference [1] Reference [1] Reference [1]

Female 0.66 [0.58, 0.75] <0.0001 0.67 [0.59, 0.77] <0.0001 0.42 [0.37, 0.47] <0.0001 1.03 [0.90, 1.17] 0.66

Race/ethnicity

White non-Hispanic Reference [1] Reference [1] Reference [1] Reference [1]

Black non-Hispanic 1.31 [1.13, 1.52] 0.00040 0.59 [0.49, 0.72] <0.0001 0.81 [0.70, 0.93] 0.0033 1.39 [1.21, 1.59] <0.0001

Hispanic 0.80 [0.64, 0.99] 0.042 0.79 [0.65, 0.95] 0.013 0.71 [0.59, 0.86] 0.00049 0.83 [0.68, 1.02] 0.074

Asian non-Hispanic 0.60 [0.42, 0.87] 0.0076 0.55 [0.32, 0.95] 0.031 0.60 [0.42, 0.88] 0.0084 0.66 [0.46, 0.95] 0.025

Other non-Hispanic 1.15 [0.77, 1.72] 0.50 1.15 [0.75, 1.76] 0.52 1.33 [0.98, 1.81] 0.071 1.70 [1.25, 2.30] 0.00079

Not married vs. married 1.41 [1.24, 1.61] <0.0001 1.12 [0.95, 1.32] 0.19 1.41 [1.24, 1.59] <0.0001 1.35 [1.18, 1.54] <0.0001

Non-US citizenship vs. US citizenship 0.67 [0.49, 0.92] 0.013 0.49 [0.34, 0.69] <0.0001 0.50 [0.31, 0.79] 0.0031 0.58 [0.41, 0.82] 0.0023

No health insurance vs. health insurance 0.63 [0.47, 0.84] 0.0018 0.79 [0.58, 1.07] 0.13 0.83 [0.65, 1.06] 0.14 0.77 [0.62, 0.94] 0.013

Income and education

Top 20% income, college graduate Reference [1] Reference [1] Reference [1] Reference [1]

Top 20% income, non-college graduate 3.11 [1.92, 5.06] <0.0001 1.43 [0.98, 2.09] 0.063 1.92 [1.35, 2.73] 0.00036 1.51 [0.97, 2.34] 0.067

Bottom 80% income, college graduate 3.67 [2.34, 5.76] <0.0001 1.51 [1.03, 2.22] 0.033 1.48 [1.10, 1.99] 0.010 2.20 [1.49, 3.26] 0.00011

Bottom 80% income, non-college
graduate

6.52 [4.28, 9.93] <0.0001 2.36 [1.75, 3.18] <0.0001 2.63 [2.04, 3.39] <0.0001 3.07 [2.23, 4.24] <0.0001

Survey cycle 1.00 [0.97, 1.02] 0.70 0.94 [0.91, 0.97] 0.00040 0.98 [0.96, 1.00] 0.10 1.01 [0.99, 1.03] 0.40

Odds ratios weighted using NHANES twenty-year interview weights. Observations were age standardized. Participants were excluded if missing marital status (N = 482), citizenship status (N = 63),
or health insurance (N = 45). Each model excluded participants if they were missing congestive heart failure (N = 144), angina (N = 162), heart attack (N = 78), or stroke (N = 64).

Table 2: Odds ratios of cardiovascular outcomes, 1999–2018.
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income, college graduate group had higher odds of CHF
(OR: 4.48 [95% CI: 2.08, 9.67]) or stroke (OR: 2.10 [95%
CI: 1.08, 4.08]). The bottom 80% income, non-college
graduate group was more likely to have experienced
CHF (OR: 6.11 [95% CI: 2.92, 12.8]), angina (OR: 1.59
[95% CI: 1.03, 2.46]), heart attack (OR: 2.20 [95% CI:
1.45, 3.34]), or stroke (OR: 3.34 [95% CI: 1.96, 5.69]).
Supplementary Table S5 describes the physical exami-
nation subsample. Supplementary Table S6 presents the
full version of Model 3.
Discussion
Two main observations emerge from this assessment of
CVD outcomes among US adult population between
1999 and 2018. First, there is a substantial clustering of
protective factors and lower adverse CVD outcomes
among a small segment of Americans. Second, it is the
accumulation of favorable socio-economic resources
that is likely contributing to better health among a small
proportion of Americans, rather than any one socio-
economic indicator alone.

This work suggests that the top 20% income, college
graduate group had the lowest prevalence of CVD risk
factors, including low HDL and high BMI, and lowest
www.thelancet.com Vol 44 April, 2025
prevalence of adverse CVD outcomes among all groups
in the analysis. In contrast, nearly a tenth of the bottom
80% income, non-college graduate group reported a
history of having at least one of the four adverse CVD
outcomes studied. The strength of the association varied
by outcome, potentially due to the underlying patho-
physiology, risk factors, and treatments associated with
each CVD outcome. The association was strongest for
CHF compared to other outcomes, which can potentially
be because CHF is a chronic condition that develops
over time. CHF is often the final event that could have
been prevented or well managed by access to resources.
Many factors contribute to the development and pro-
gression of CHF such as health literacy, access to
healthier behaviors, existing comorbidities, and access
to healthcare, which are often linked to income and
education.43,44 The weaker association for more acute
outcomes such as heart attack can be due to higher
mortality rates among lower income populations, which
in turn can lead to reporting only by the surviving
population.45,46

There is growing literature that examines the concept
of risk clusters among populations experiencing multi-
ple forms of inequality.47 For example, Caspi et al.,
found that around one fifth of a birth-cohort study in
9
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New Zealand accounted for clustering of risks around
health ranging from 40% of excess obesity to 57% of
hospital overnight stays and 78% of prescriptions filled
and that childhood risks predicted being part of this
segment of the population.48 Richmond-Rakerd et al.,
found that a small segment of the population (around
10%) accounted for the highest burden and clustering of
need across different social and economic sectors,
including poor health, in New Zealand and Denmark.49

Our study contributes to this body of work examining
the clustering of favorable socio-economic resources
and low risk of CVD that is concentrated among a small
minority of the population. This study highlights that
clustering of risk and need around CVD in the US is not
a minority concern, but rather one that affects most
Americans.

This analysis suggests that considering income and
education together can help provide more insight into
the burden of CVD in the US than examining either
factor independently. Several studies have shown how
different socio-economic factors contribute to the
burden of CVD.50–58 Moreover, previous research has
largely shown that income and education both play a
role in CVD risk factors and clinical outcomes.5,59–73 For
example, Abdalla et al., documented the worsening of
CVD biomarkers and diagnoses among the poorest 80%
of the US population while CVD outcomes remained
the same or improved among the richest 20% of
Americans in a twenty-year period.6,74 Hamad and col-
leagues showed that higher educational attainment was
consistently associated with improvements in HDL,
depression, and smoking.75 Kubota et al., found that,
regardless of other socioeconomic factors, educational
attainment was inversely associated with lifetime risks
of CVD.76 Conversely, Johnson et al. found that the
protective role of educational attainment was not equal
across different races and ethnicities.47 In addition,
Lewis et al., found that for younger Americans, low in-
come was associated with higher incidence of coronary
heart disease regardless of educational level.77 Similarly,
a meta-analysis by Khaing et al., suggested a higher risk
for four CVD outcomes in populations with low and
medium education (less than university) as well as low
and medium income across different high-income na-
tions.78 Our results align with the growing literature that
shows how multiple socio-economic factors can interact
to prevent or produce adverse outcomes. For example,
Zhang et al. examined CVD incidence and mortality and
found that the people in the low socioeconomic status
group—defined as a latent variable of family income,
educational attainment, employment status, and health
insurance— had 2.4 times the hazard ratio of all-cause
mortality compared to the high socioeconomic status
group.79 Our work adds to literature by highlighting that
the accumulation of favorable socio-economic resources
like high income and educational attainment can act
synergistically to prevent poor CVD outcomes, likely
contributing to more better cardiovascular health than
either factor on its own.

This study is not without limitations. First, there may
be self-reporting bias. However, previous analyses have
shown that self-reported CVD outcomes in NHANES
and other surveys can be useful for measuring popula-
tion prevalence of cardiovascular disease in US.80–82

Other surveys have suggested low sensitivity among
certain populations like older adults and populations
with limited English proficiency.83–85 Second, our results
may be influenced by survival bias, particularly among
participants from disadvantaged backgrounds, diluting
the true prevalence of cardiovascular disease in the US.
For example, between 1999 and 2019, cardiovascular
mortality occurred at 1.32 times the rate for Black
women compared to White women and 1.33 times the
rate for Black men compared to White men.86 These rate
ratios were even larger for younger populations.86 Thus,
our results may represent a low-end estimate of the true
CVD outcomes disparity that may exist. Third, the race/
ethnicity categories we selected may not fully represent
the diversity of the American population over time. For
example, there are notable key differences in the social
determinants of cardiometabolic disease within Asian
subpopulations.87 This limitation reflects systemic is-
sues in measuring health inequities by race/ethnicity in
both NHANES and the United States Census, although
oversampling in recent years has reduced the magni-
tude of this limitation.22 Fourth, it is plausible that a
different stratification of income and education can
yield a clustering of benefit or risk that differs in
magnitude or the percentage of population it represents.
However, we chose strata that were meaningful to
growing social status separation in the US. We stratified
income by the top 20% of earners and education by
college graduation because there is growing evidence
that these are two groups are increasingly divergent
from the remainder of the population across multiple
dimensions.3,16–18 These are also the two groups that
largely control decision-making spaces in the US.19,88,89

Fifth, this study maybe subject to the potential limita-
tions of observational studies including reverse causal-
ity, unmeasured confounding, or overadjustment bias.
In particular, early-life socioeconomic conditions and
parental education are potential unmeasured con-
founders that do not have reliable proxies in the
NHANES dataset. Six, this study did not involve a
formal sample size calculation. However, the use of
NHANES, with its nationally representative sample and
large population size, mitigates this limitation to some
extent. Additionally, the reporting of confidence in-
tervals for all estimates allows readers to assess the
precision of the findings and interpret them accord-
ingly. Lastly, this study used information from 10
NHANES cycles with a cutoff date before the Covid-19
pandemic began. There is mounting literature high-
lighting the economic effect the pandemic has had on
www.thelancet.com Vol 44 April, 2025
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the population, particularly among poor households and
vulnerable populations.90,91 This might have affected and
exacerbated the disparities highlighted in our study.

This study demonstrates that the accumulation of
favorable socio-economic resources preventing poor
CVD outcomes is concentrated in a small proportion of
the population. Health gaps are not just a feature of
differences between extremes, for example gaps be-
tween the richest 1% and the poorest 1%. Rather, this
analysis shows that most Americans are left behind in
health, while a few who lead decision-making in the US
experience better health outcomes. Despite efforts to
narrow health gaps, these observations highlight the
challenge of improving the well-being of the majority.
Foundational assets that can promote health must be at
the center of such efforts. Future research should
include longitudinal studies that focus on the mecha-
nisms through which both income and education shape
CVD outcomes in the US as well as more nuanced
categories of income and education to allow for a more
comprehensive evaluation of the socioeconomic gradu-
ates in CVD health.
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