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Abstract

IMPORTANCE Income disparity between persons with themost resources (the top 20% of earners)

and the remainder of the population in the United States has dramatically widened over the past few

decades. Given thewell-established association between income and health, this increasing income

gap may provide insights into the dynamics of cardiovascular disease (CVD) burden among adults in

the US.

OBJECTIVE To quantify the contribution of people in the highest-resources group and the

remainder of the population to the burden of CVD, and to estimate the trends in the prevalence of

CVD for the 2 groups in the United States from 1999 to 2016.

DESIGN, SETTING, ANDPARTICIPANTS This serial cross-sectional analysis used nationally

representative data from 9 cycles of the National Health and Nutrition Examination Survey

(NHANES) between 1999 and 2016. Survey participants were adults 20 years or older. Statistical

analysis of the data was conducted in December 2019.

MAINOUTCOMES ANDMEASURES Age-standardized prevalence of CVDwas calculated using the

2010 census estimates. Participants were stratified by income group using the NHANES income to

poverty ratio, which was converted into a binary variable: a ratio of 5 or greater for the highest-

resources group and a ratio of less than 5 for the remainder of the population.

RESULTS This analysis included 44986 participants. Among the 7926 participants in the highest-

resources group, 3290 (50.3%) were in the 40- to 59-year age group and 4094 (51.9%) were men.

Among the 37060 participants in the remainder of the population, 10 840 (34.1%)were in the 40-

to 59-year age group and 19 470 (53.2%) were women. The age-standardized prevalence of CVD

decreased in the highest-resources group during the study period (1999-2016): angina from 3.4% (n

= 24) to 0.3% (n = 5), heart attack from 3.2% (n = 24) to 1.4% (n = 19), congestive heart failure (CHF)

from 1.2% (n = 11) to 0.5% (n = 7), and stroke from 1.1% to 1.0% (n = 8). In the remainder of the

population, the prevalence of angina decreased from 3.3% (n = 131) in 1999 to 2.6% (n = 118) in 2016

and heart attack from4.0% (n = 160) in 1999 to 3.6% (n = 201) in 2016. Conversely, an increasewas

observed in the prevalence of CHF from 2.6% (n = 123) in 1999 to 2.8% (n = 176) in 2016 and stroke

from 2.9% (n = 152) in 1999 to 3.2% (n = 178) in 2016. Over time, the odds of reporting angina (odds

ratio [OR], 0.80; 95% CI, 0.73-0.87; P < .001), heart attack (OR, 0.91; 95% CI, 0.86-0.97; P = .003),

and CHF (OR, 0.90; 95% CI, 0.82-0.99; P = .03) decreased among those in the highest-resources

group, while there was no significant change in the odds of reporting stroke (OR, 0.97; 95% CI, 0.90-

1.05; P = .43). Among the remainder of the population, the odds of reporting angina (OR, 0.95; 95%

CI, 0.92-0.99; P < .05) and heart attack (OR, 0.99; 95% CI, 0.97-1.02; P = .06) decreased over time.

Conversely, there was no statistically significant change in the odds of reporting CHF (OR, 1.02; 95%

CI, 1.00-1.05; P = .08) and stroke (OR, 1.02; 95% CI, 0.99-1.04; P = .21).

(continued)
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Abstract (continued)

CONCLUSIONS ANDRELEVANCE This study found substantial and increasing disparities in CVD

prevalence between the richest and poorest participants in the NHANES from 1999 to 2016, with

lower CVD rate reported among the highest-resources group. Additional research into the dynamics

of income inequality and health outcomes as well as policy and public health efforts tomitigate this

inequality are needed.

JAMA Network Open. 2020;3(9):e2018150. doi:10.1001/jamanetworkopen.2020.18150

Introduction

Income inequality has increased dramatically over the past few decades in the United States,

reaching levels the country has not experienced since the Great Depression.1 The growth of income

inequality has not gone unnoticed, and substantial public conversation has ensued about the causes

and potential consequences of the income gap. However, much of the conversation has focused on

the gains of the top 1% of income earners, which overlooks the widening gap between the richest

20% of the people in the United States (those with the highest resources) and the poorest 80% of

the population (the remainder of the population) that may have several implications for people and

their health.

Between 1979 and 2013, the income of the richest people grew by $4 trillion, a trillionmore than

the income earned by the remaining 80% of the population.2Over the past 2 decades, the income,

adjusted for inflation, of the richest group has increased, whereas the income of the poorest people

has either stayed constant or decreased.3 In 2018, the mean annual income for the richest people

was approximately $234000 per household and $111 379 per earner compared with a mean annual

income of approximately $54053 per household and $45 258 per earner for the poorest 80%.4 In

addition, the richest people have access to a number of other demographic assets that distinguish

them from the rest of the population. For example, most people in the highest income group are

married (77%) andmore than two-thirds (67%) have a college degree or higher educational level.

Conversely, a smaller proportion of people in the remainder of the population are married (41%) and

fewer than one-third (28%) have a college degree or higher educational level.4

The association between income and health is unequivocal; persons with higher income have

lower morbidity and mortality across nearly all health indicators, longevity and mortality rates in

particular.5-10 This association is likely driven principally by the salutary resources afforded by a

higher income, such as access to health care, affordability of rising medication costs, better housing,

and healthier food. As such, it is not surprising that health data suggest that the peoplewith themost

resources in the United States are accumulatingmore health, whereas thosewith the least resources

are left behind in health care. Early evidence of this suggestion, for example, is the observation that

life expectancy over the past several decades has been increasing consistently among the people in

the highest income group, with far fewer, if any, gains seen among people in the remainder of the

population.11

We hypothesized, therefore, that the widening income gap between the 2 groups (the highest-

resources group and the remainder of the population) may be an important contributor to the

dynamics of health inequality in the United States during the first quarter of the 21st century.12 In

particular, the worsening population-level health indicators13may be disproportionately attributed

to a widening gap in health outcomes between those with the most resources and the rest of the

population. To explore this hypothesis, we used a nationally representative data set to assess the

trends in cardiovascular disease (CVD) in the 2 groups over the past 2 decades. We focused on CVD

because of its primary role in themorbidity andmortality rates in the United States. Since the 1960s,

the rapid decline in cardiovascular mortality has been associated with improved life expectancy.14,15

However, evidence shows that this decrease is slowing down or even reversing.13,16
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This serial cross-sectional study aimed (1) to quantify the contribution of people in the highest-

resources group and the remainder of the population to the burden of CVD and (2) to estimate the

trends in the prevalence of CVD for the 2 groups from 1999 to 2016.

Methods

Data Source and Study Population

We used the National Health and Nutrition Examination Survey (NHANES) deidentified and publicly

available data set to assess the prevalence of and trends in CVD on the basis of income level.17 Data

collection for the NHANES was approved by the National Center for Health Statistics (NCHS)

Research Ethics Review Board, with the requirement of documented consent from all participants.18

The Boston University Medical Campus Ethical Board deemed this study exempt from review

according to the Common Rule because publicly available data sets were used. We followed the

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

This cross-sectional analysis included data from 9waves of the NHANES between 1999 and

2016. To produce estimates with greater precision and smaller sampling error, we constructed

weights for the 9 survey cycles of combined data from 1999 to 2016 using the NHANES guidelines.19

Specifically, we used 4-year weights for survey cycles 1 and 2 (1999-2002) and 2-year weights for

survey cycles 3 to 9 (2003-2016) to create an 18-year weight variable that represents the study

population between 1999 and 2016. Demographic variables included in this analysis were participant

age, sex, race/ethnicity, marital status, educational level, and US citizenship status.20 In addition, we

includedmedical conditions that are CVD risk factors, such as obesity and high systolic blood

pressure (SBP) reported in themedical examination section of the NHANES. Obesity was defined as

a bodymass index (calculated as weight in kilograms divided by height in meters squared) of 30 or

greater. Mean SBPwas calculated from 3 consecutive readings, with a fourth measurement taken if a

previous one was incomplete. High SBPwas defined as a mean SBP of 130mmHg or higher.

IncomeVariables

To perform an accurate estimation of participant financial status, we used income to poverty ratio

rather than annual household income to divide the population into 2 groups (highest resources with

a �5 ratio, and the remainder of the population with a <5 ratio). The income to poverty ratio is an

index developed by the NHANES that represents the annual family income adjusted for family size

and the poverty threshold guidelines developed by the US Department of Health and Human

Services, which depend on costs of living in a particular geographic location.21 Income to poverty

ratio data were not available for participants who reported their income as less than $20000 or

more than $20000without specifying their exact income bracket and for participants who had

missing annual income data. Participants with missing ratio data were excluded from this analysis.

We converted the ratio to a binary variable of either 5 or greater (for the highest-resources group) or

less than 5 (for the remainder of the population).We aimed to create a cutoff point that would divide

the US population into the richest 20% of people and the poorest 80% of people, to test our

hypothesis that, in this country, the 20% to 80% divide in income over the past few decades may

also be present in trends of CVD burden, especially given that income is independently associated

with CVD.

We attempted to examine differences in CVD prevalence between the richest and poorest of

the participants. However, the analysis distribution did not fully align with the 20% to 80% cutoff

because the NHANES coded participants with an income to poverty ratio of 5 or greater in 1 category

to address potential confidentially issues and disclosure concerns, withoutwhich the deidentification

of the subset of participants with themost resources will be challenging. Because of this NHANES

policy, the highest-resources group represented between 22% and 26% (weighted) of the sample in

a survey cycle in the present study.
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Cardiovascular Disease Variables

Outcomes included the self-reported diagnosis of congestive heart failure (CHF), angina, heart

attack, or stroke among those 20 years or older, reflecting the age group for which the NHANES

begins to collect data on CVD for adults. The diagnosis was obtained in the NHANES through asking

participants whether they “were told by a healthcare provider” about one of the CVD outcomes.

Statistical Analysis

We performed a descriptive analysis of demographic andmedical characteristics using SAS FREQ

procedure (SAS Institute Inc). We compared the distribution of these characteristics among

participants in the highest-resources group vs the remainder of the population using a χ2 test.

Next, we used the 2010 census estimates to calculate the age-standardized prevalence of CVD

in 3 age groups: 20 to 39 years, 40 to 59 years, and 60 years or older. Estimation was carried out

with SAS SURVEYREG procedure, which accounted for the complex NHANES design by using the

18-year sample weight variable that we constructed. To examine the difference in prevalence by

income group over time, we performed subgroup analyses that stratified income level using the SAS

DOMAIN statement. To identify the trends in CVD prevalence over 9 consecutive survey cycles, we

calculated the age-standardized prevalence of each of the outcomes through linear regression

(SURVEYREG procedure), with survey cycle as a continuous variable. Themagnitude of trends was

assessed using the point estimates of survey cycle variable.

We applied SAS SURVEYLOGISTIC regressionmodels to control for potential confounders. In

the first model, we controlled for demographic variables such as age, sex, race/ethnicity, marital

status, and US citizenship status. In the second model, we controlled for demographic variables as

well as CVD risk factors (obesity and high SBP) and created interactions between the dichotomized

income to poverty ratio variable and the educational level to account for a well-established

association between income and different educational levels.22We included interaction variables

between survey cycle and the binary income to poverty ratio variable in bothmodels to further

assess the association between income group and the CVD prevalence trend during the study period.

For these analyses, the statistical significance was set at 2-sided P < .05, and all tests were

2-sided. Data were analyzed in December 2019.

Results

The population in this analysis included 44986 participants 20 years or older with data on income to

poverty ratio; this sample accounted for 90.9% of participants in the NHANES between 1999 and

2016. Among the 7926 participants in the highest-resources group, 4094 (51.9%) were men, 3832

(48.1%) were women, and 3290 (50.3%) were in the 40- to 59-year age group (Table). Among the

37060 participants in the remainder of the population, 19 470 (53.2%) were women, 17 590

(46.8%) weremen, and 10 840 (34.1%) were in the 40- to 59-year age group (Table). The overall

prevalence of CHFwas 3.4% (n = 1523), anginawas 3.0% (n = 1347), heart attackwas 4.4% (n = 1978),

and stroke was 3.9% (n = 1742).

Major demographic differences between the 2 groups includedmarital status and educational

levels. Most people in the highest-resources group were married (5464 [71.8%]) and had a college

degree or higher (4256 [55.4%]). In the remainder of the population, slightly more than half of the

participants (18 018 [51.2%]) were married and only a small proportion (5416 [18.5%]) had a college

degree or higher. The 2 groups also differed in their race/ethnicity composition. In the highest-

resources group, 5012 participants (84.2%) self-identified asWhite, 1183 (5.6%) as Black, and 881

(4.1%) as Hispanic andMexican. In the remainder of the population, a smaller proportion of

participants identified asWhite (15 807 [64.5%]), and a larger proportion identified as Black (8059

[12.9%]) or as Hispanic andMexican (10 421 [16.1%]) (Table).
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Overall Age-Standardized CVDPrevalence by IncomeGroup

Participants in the highest-resources group had a lower CVD prevalence than participants in the

remainder of the population. The widest gap in age-standardized prevalence between the 2 groups

was for stroke (1.3% [n = 146] vs 3.2% [n = 1596]) and CHF (0.9% [n = 121] vs 2.8% [n = 1402]),

followed by heart attack (2.1% [n = 231] vs 3.7% [n = 1747]) and angina (1.5% [n = 166] vs 2.7% [n =

1181]) (Figure 1A-D).

Trends in CVDPrevalence

Among the highest-resources group, a decrease in the prevalence of CVDwas observed between

1999 and 2016. The prevalence of CHF decreased from 1.2% (n = 11) in 1999 to 0.5% (n = 7) in 2016,

an 11% reduction per survey cycle (point estimate, −0.11 [95% CI, −0.20 to −0.03]; P = .007); angina

from 3.4% (n = 24) in 1999 to 0.3% (n = 5) in 2016, a 35% reduction per survey cycle (point estimate,

−0.35 [95%CI, −0.49 to −0.21]; P < .001); heart attack from 3.2% (n = 24) in 1999 to 1.4% (n = 19) in

2016, a 24% reduction per survey cycle (point estimate, −0.24 [95% CI, −0.36 to −0.11]; P = .0003);

and stroke from 1.1% (n = 8) in 1999 to 1.0% (n = 10) in 2016, a nonsignificant reduction of 5% per

survey cycle (point estimate, −0.05 [95% CI, −0.15 to 0.04]; P = .29) (Figure 2A-D and Figure 3).

In the remainder of the population, the prevalence of angina decreased from 3.3% (n = 131) in

1999 to 2.6% (n = 118) in 2016, a 15% reduction per survey cycle (point estimate, −0.15 [95% CI,

Table. Characteristics of Study Participants, 1999-2016a

Characteristic

No. (weighted %)

P value
Family income to poverty ratio
≥5 (n = 7926)

Family income to poverty
ratio <5 (n = 37 060)

Age, y <.001

20-39 2307 (28.3) 13 493 (41.2)

40-59 3290 (50.3) 10 840 (34.1)

≥60 2329 (21.4) 12 727 (24.7)

Sex <.001

Men 4094 (51.9) 17 590 (46.8)

Women 3832 (48.1) 19 470 (53.2)

Race/ethnicity <.001

Non-Hispanic White 5012 (84.2) 15 807 (64.5)

Non-Hispanic Black 1183 (5.6) 8059 (12.9)

Hispanic and Mexican 881 (4.1) 10 421 (16.1)

Other 850 (6.1) 2773 (6.5)

Marital statusb <.001

Not married 2374 (28.2) 18 642 (48.8)

Married 5464 (71.8) 18 018 (51.2)

Educational levelc <.001

Without high school
diploma/GED certificate

417 (3.8) 11 936 (22.4)

With high school
diploma/GED certificate

1077 (13.7) 9269 (26.9)

Some college or associate’s degree 2174 (27.1) 10 385 (32.2)

College degree or higher 4256 (55.4) 5416 (18.5)

Citizenship statusd <.001

US citizenship 7488 (96.5) 31 307 (89.7)

Non-US citizenship 436 (3.5) 5700 (10.3)

BMIe <.001

≥30 (obesity) 2285 (29.2) 12 894 (36.5)

<30 (no obesity) 5177 (70.8) 21 851 (63.5)

SBPf <.001

≥130 mm Hg (high) 1956 (25.1) 10 311(27.9)

<130 mm Hg (not high) 4957 (74.9) 21 346 (72.1)

Abbreviations: BMI, bodymass index (calculated as

weight in kilograms divided by height in meters

squared); GED, General Educational Development;

SBP, systolic blood pressure.

a Data were from the National Health and Nutrition

Examination Survey (NHANES) between 1999 and

2016 (N = 44986). The highest-resources group

cutoff was defined by income to poverty ratio of 5 or

higher in the NHANES data sets.

b Marital status was missing for 488 participants.

c Educational level was missing for 56 participants.

d Citizenship status was missing for 55 participants.

e BMI wasmissing for 2779 participants.

f SBPwasmissing for 6416 participants.
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−0.24 to −0.05]; P = .002), and heart attack prevalence decreased from 4.0% (n = 160) in 1999 to

3.6% (n = 201) in 2016, a nonsignificant reduction of 7% per survey cycle (point estimate, −0.07

[95% CI, −0.16 to 0.02]; P = .15). Conversely, the prevalence of CHF increased from 2.6% (n = 123) in

1999 to 2.8% (n = 176) in 2016, a nonsignificant increase of 2% per survey cycle (point estimate,

0.02 [95% CI, −0.05 to 0.09]; P = .58), and stroke prevalence increased from 2.9% (n = 152) in 1999

to 3.2% (n = 178) in 2016, a nonsignificant increase of 2% per survey cycle (point estimate, −0.07

[95% CI, −0.16 to 0.02]; P = .64) (Figure 2A-D and Figure 3).

Trends in the Association Between IncomeGroup and CVD

Over time, decreased odds of reporting CVDwere observed among those in the highest-resources

group, when themodel was adjusted for demographic variables. Specifically, the richest participants

had lower odds of reporting CHF (odds ratio [OR], 0.90; 95% CI, 0.82-0.99; P = .03), angina (OR,

0.80; 95% CI, 0.73-0.87; P < .001), and heart attack (OR, 0.91; 95% CI, 0.86-0.97; P = .003), while

there was no significant change in the odds of reporting stroke (OR, 0.97; 95% CI, 0.90-1.05; P = .43)

(eTables 1-4 in the Supplement). When cardiovascular risk factors and the interaction between

educational level and incomewere included in themodel, over time, the highest-resources group

continued to have lower odds of reporting angina (OR, 0.79; 95% CI, 0.72-0.86; P < .001) and heart

attack (OR, 0.91; 95% CI, 0.85-0.96; P = .002), but there was no statistically significant change in the

odds of reporting CHF (OR, 0.91; 95%CI, 0.81-1.01; P = .07) and stroke (OR, 0.98; 95%CI, 0.89-1.06;

P = .58) (eTables 5-8 in the Supplement).

Over time, those in the remainder of the population had lower odds of reporting angina (OR,

0.95; 95% CI, 0.92-0.99; P = .007). The odds of reporting heart attack (OR, 0.99; 95% CI, 0.97-1.02;

P = .06)were lower, but the differencewas not statistically significant. Conversely, these participants

Figure 1. Overall Age-Standardized Prevalence of Cardiovascular Disease Among Participants

20 Years or Older Stratified by IncomeGroup, 1999-2016
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Figure 2. Age-Standardized Trends in Prevalence of Cardiovascular Disease Outcomes Among Participants

20 Years or Older Stratified by IncomeGroup, 1999-2016
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had higher odds of reporting CHF (OR, 1.02; 95% CI, 1.00-1.05; P = .08) and stroke (OR, 1.02; 95% CI,

0.99-1.04; P = .21), but this difference was not statistically significant (eTables 1-4 in the

Supplement). When cardiovascular risk factors and the interaction between educational level and

incomewere included in themodel, over time, the poorest participants had lower odds of reporting

angina (OR, 0.95; 95% CI, 0.91-0.98; P = .005). Conversely, they had higher odds of reporting stroke

(OR, 1.03; 95% CI, 1.00-1.07; P = .04). Althought the odds of reporting CHF (OR, 1.03; 95% CI, 1.00-

1.06; P = .07) heart attack (OR, 1.00; 95% CI, 0.97-1.03; P = .96) were higher, the difference was not

statistically significant (eTables 5-8 in the Supplement).

The interaction between the differences in trends in the 2 groups was statistically significant in

both logistic regression analyses models. In the first model, the interaction was statistically

significant for CHF (SE, 0.05; P = .01), angina (SE, 0.04; P < .001), and heart attack (SE, 0.03; P = .01)

but not for stroke (SE, 0.04; P = .26). In the secondmodel, the interactionwas statistically significant

for CHF (SE, 0.06; P = .03), angina (SE, 0.05; P = .0002), and heart attack (SE, 0.04; P = .006) but

not for stroke (SE, 0.05; P = .22).

Association BetweenOther Variables and CVD

Both of the logistic regression analyses models showed that, overall, older age was associated with

increased odds of reporting CVD. Compared with the youngest age group (20-39 years), the ORs of

CVD ranged from 4.41 (95% CI, 3.12-6.23) to 9.96 (95% CI, 6.95-14.27) for participants aged 40 to

59 years and from 15.19 (95% CI, 11.15-20.68) to 37.36 (95% CI, 26.45-52.78) for people 60 years or

older. In contrast, women mainly had lower odds of reporting CVD than men (OR ranged from 0.40

[95% CI, 0.35-0.47] to 0.70 [95% CI, 0.61-0.81]), except for stroke (model 1: OR, 1.02 [95% CI,

0.89-1.18]; model 2: OR, 1.03 [95% CI, 0.86-1.25]). Married vs nonmarried participants had lower

odds of reporting CVD (OR ranged from0.73 [95% CI, 0.63-0.84] to 0.91 [95% CI, 0.77-1.08]), and

those without US citizenship had lower odds of reporting CVD compared with those with US

citizenship (OR ranged from 0.44 [95% CI, 0.29-0.68] to 0.61 [95% CI, 0.42-0.89]) (eTables 1-8 in

the Supplement).

An inverse association was found between educational level and the odds of reporting CVD in

the first model. Compared with those without a high school diploma or General Educational

Development (GED) certificate, those with a high school diploma or GED certificate (OR ranged from

0.63 [95% CI, 0.52-0.76] to 0.76 [95% CI, 0.62-0.92]) followed by those with some college

education (OR ranged from0.59 [95% CI, 0.49-0.72] to 0.83 [95% CI, 0.66-1.04]) had the lowest

protective odds against CVD. Themost protective odds were for those with a college degree or

higher (OR ranged from0.39 [95% CI, 0.29-0.51] to 0.58 [95% CI, 0.46-0.72]) (eTables 1-4 in the

Figure 3. Comparison of Age-Standardized Prevalence in 1999-2000vs 2015-2016, Stratified by IncomeGroup
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Supplement). When the educational level and income interaction was included in the secondmodel,

more educational attainment generally showed lower odds of reporting CVD for the 2 groups.

Among the highest-resources group, people with a high school diploma or GED certificate,

compared with those without, had lower odds of reporting CHF (OR, 0.52; 95% CI, 0.24-1.38) and

heart attack (OR, 0.78; 95% CI, 0.42-1.43) and higher odds of reporting angina (OR, 1.25; 95% CI,

0.49-3.16) and stroke (OR, 1.09; 95% CI, 0.43-2.74) (Figure 4A-D). People with some college

education vs thosewithout a high school diploma or GED certificate had lower odds of reporting CVD

(OR ranged from0.29 [95% CI, 0.14-0.61] to 0.66 [95% CI, 0.29-1.48]), except for angina (OR, 1.22;

95% CI, 0.47-3.16). The most protective odds were for those with a college degree or higher (OR

ranged from0.15 [95% CI, 0.07-0.32] to 0.99 [95% CI, 0.43-2.28]), compared with those without a

high school diploma or GED certificate (Figure 4A-D; eTables 5-8 in the Supplement).

Among people in the remainder of the population, the lowest protective odds against CVDwere

for those with a high school diploma or GED certificate (OR ranged from0.61 [95%CI, 0.48-0.76] to

0.74 [95% CI, 0.61-0.89]) followed by some college education (OR ranged from0.52 [95% CI, 0.42-

0.65] to 0.75 [95%CI, 0.58-0.97]), comparedwith thosewithout such educational attainment. The

most protective odds were for those with a college degree or higher (OR ranged from 0.43 [95% CI,

0.33-0.57] to 0.55 [95% CI, 0.39-0.75]) (Figure 4A-D).

The association between race/ethnicity and CVDwasmixed in the first model, which included

only demographic variables. Compared with Black participants, White participants had lower odds of

reporting CHF (OR, 0.83; 95% CI, 0.72-0.97) and stroke (OR, 0.80; 95% CI, 0.70-0.93) and higher

odds of reporting angina (OR, 1.71; 95% CI, 1.42-2.07) and heart attack (OR, 1.32; 95% CI, 1.14-1.54)

(eTables 1-4 in the Supplement). The secondmodel that included cardiovascular risk factors and the

educational level and income interaction outputted similar but more pronounced results. Overall,

Hispanic andMexican participants compared with Black participants had lower odds of reporting

CVD (OR ranged from0.58 [95% CI, 0.45-0.75] to 0.85 [95% CI, 0.68-1.06]) but not angina (model

1: OR, 1.27 [95% CI, 0.99-1.62]; model 2: OR, 1.26 [95% CI, 0.95-1.68]) (eTables 1-8 in the

Supplement).

Discussion

Using data from a nationally representative sample of the US population between 1999 and 2016, we

found a substantially lower burden of CVD among the people with themost resources compared

with the remainder of the population. The overall prevalence of CHF was less than one-third (0.9%

vs 2.8%) and that of strokewas less than one-half (from 1.3% to 3.2%) in the highest-resources group

comparedwith the remainder of the population. In addition, disparities in CVD between the 2 groups

widened between 1999 and 2016. This gap wasmost evident in the prevalence of angina, which

decreased about 5-fold among the highest-resources group compared with the remainder of the

population during this period. When controlled for demographic variables, the model showed that

those in the highest-resources group had up to 20% lower odds of reporting CVD in 2016 than in

1999. In contrast, the remainder of the population had higher odds of reporting both CHF and stroke.

Numerous studies support the role of socioeconomic status in shaping CVDmorbidity and

mortality.23-27 Specifically, data from several studies suggest that income level is independently

associated with CVD.28-32 The present study illuminates the dynamics of income differences in CVD

in the United States. Previous studies have shown that the prevalence of angina and heart attack has

been declining.33,34 Results of this study suggest that these trends in angina and heart attack are

responsive to the decrease in prevalence among the richest NHANES participants. Conversely,

studies show that the prevalence of CHF and stroke has been increasing and is projected to further

increase during the next decade.35,36 Results of this study suggest that these trends in CHF and

stroke are responsive to the increase in prevalence among 80% of the NHANES participants,

whereas the prevalence among the richest group either remains constant or is decreasing. These 2

conditions (CHF and stroke) are associated with high out-of-pocket expenses, which are more
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burdensome for those in the remainder of the population.37,38 These 2 conditions are also major

factors in US health care expenditures, suggesting that these widening disparities in prevalence are

associated with the ever-greater cost in the health care system.36-39

Figure 4. Odds Ratios of Cardiovascular Disease by Educational Level and IncomeGroup, 1999-2016
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We believe that this study recasts the understanding of the differences in CVD prevalence as

one driven by the differences between persons in the richest quantile whose income and assets

continue to increase and persons in the rest of the population whose socioeconomic achievements

are stagnant. This viewpoint contrasts with the dominant approach of comparing those in the top 1%

of the economywith everyone else. A substantially different architecture of inequality, one that

points to other solutions, is needed. Policy and public health efforts should be directed to mitigate

the consequences of these inequality dynamics.

Limitations

This study has several limitations. First, the outcomes that were assessed relied on self-reported

information. However, previous analyses suggest that self-reported outcomes in the NHANES are a

valid tool for assessing prevalence.40 Second, the NHANES data structure limited our ability to create

a clear 20 to 80 income cutoff. As such, the final results do not fully alignwith the 20 to 80 cutoff. In

addition, not enough data points were available to enable us to conduct subanalyses that stratified

the CVD prevalence by income group and by racial/ethnic group. As such, we could not report on

whether the trend between income and CVD prevalence is different for minority groups. Third, we

used serial cross-sectional data. Further research is needed to establish the causal relationships

between income and CVD in the United States.

Conclusions

This cross-sectional study found substantial and increasing disparities in CVD between people with

the most resources and the remainder of the US population. Over the past 2 decades, decreases in

CVD prevalence primarily occurred in the highest-resources group, whereas the prevalence among

the remainder of the population declined at a much lower rate, stayed the same, or increased,

depending on the specific cardiovascular condition. Moreover, the largest disparities in CVDwere in

conditions associated with high out-of-pocket and health care expenditures. These findings should

motivate further research into the dynamics of income inequality and health outcomes as well as the

potential mechanisms behind these inequalities, such as increasing health care expenditures,

behavioral risk factors, or other structural factors, which can point to potential solutions. Mitigating

the consequences of these inequality dynamics requires the development of policy and public

health efforts.

ARTICLE INFORMATION

Accepted for Publication: July 14, 2020.

Published: September 25, 2020. doi:10.1001/jamanetworkopen.2020.18150

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Abdalla SM

et al. JAMA Network Open.

Corresponding Author: SalmaM. Abdalla, MBBS, MPH, Boston University School of Public Health, 715 Albany St,

Talbot 417E, Boston, MA 02118 (abdallas@bu.edu).

Author Affiliations:Department of Epidemiology, Boston University School of Public Health, Boston,

Massachusetts (Abdalla, Yu); Boston University School of Public Health, Boston, Massachusetts (Galea).

Author Contributions:Dr Abdalla andMs Yu had full access to all of the data in the study and take responsibility

for the integrity of the data and the accuracy of the data analysis.

Concept and design: Abdalla, Galea.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: All authors.

Critical revision of the manuscript for important intellectual content: Abdalla, Galea.

Statistical analysis: Yu, Galea.

JAMANetworkOpen | Health Policy Trends in Cardiovascular Disease Prevalence by Income Level in the United States

JAMA Network Open. 2020;3(9):e2018150. doi:10.1001/jamanetworkopen.2020.18150 (Reprinted) September 25, 2020 11/14

Downloaded From: https://jamanetwork.com/ on 08/21/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.18150&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.18150
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.18150
mailto:abdallas@bu.edu


Obtained funding: Galea.

Administrative, technical, or material support: Abdalla, Galea.

Supervision: Abdalla.

Conflict of Interest Disclosures:Dr Galea reported consulting intermittently for Sharcare and Tivity. No other

disclosures were reported.

REFERENCES

1. Saez E. Striking it richer: the evolution of top incomes in the United States (updated with 2017 final estimates).

PublishedMarch 2, 2019. Accessed January 8, 2020. https://eml.berkeley.edu/~saez/saez-UStopincomes-2017.pdf

2. Proctor BD, Semega JL, KollarMA. US Census Bureau. Income and poverty in the United States: 2015. Published

September 13, 2016. Accessed January 8, 2020. https://www.census.gov/library/publications/2016/demo/p60-

256.html

3. Bor J, Cohen GH, Galea S. Population health in an era of rising income inequality: USA, 1980-2015. Lancet. 2017;

389(10077):1475-1490. doi:10.1016/S0140-6736(17)30571-8

4. Perry MJ. Explaining US income inequality by household demographics, 2018 update. Published September 11,

2019. Accessed January 15, 2020. https://www.aei.org/carpe-diem/explaining-us-income-inequality-by-

household-demographics-2018-update/

5. Cristia JP. The empirical relationship between lifetime earnings andmortality: working paper 2007-11. Published

August 1, 2007. Accessed January 8, 2020. https://www.cbo.gov/publication/19096

6. Mackenbach JP, Stirbu I, Roskam AJR, et al; European UnionWorking Group on Socioeconomic Inequalities in

Health. Socioeconomic inequalities in health in 22 European countries. N Engl J Med. 2008;358(23):2468-2481.

doi:10.1056/NEJMsa0707519

7. Braveman PA, Cubbin C, Egerter S, Williams DR, Pamuk E. Socioeconomic disparities in health in the United

States: what the patterns tell us. Am J Public Health. 2010;100(suppl 1):S186-S196. doi:10.2105/AJPH.2009.

166082

8. Galea S, Tracy M, Hoggatt KJ, Dimaggio C, Karpati A. Estimated deaths attributable to social factors in the

United States. Am J Public Health. 2011;101(8):1456-1465. doi:10.2105/AJPH.2010.300086

9. Chetty R, Stepner M, Abraham S, et al. The association between income and life expectancy in the United

States, 2001-2014. JAMA. 2016;315(16):1750-1766. doi:10.1001/jama.2016.4226

10. World Health Organization, Commission on Social Determinants of Health. Closing the gap in a generation:

health equity through action on the social determinants of health. World Health Organization; 2008. Accessed

January 8, 2020. https://www.who.int/social_determinants/final_report/csdh_finalreport_2008.pdf

11. National Academies of Sciences, Engineering, andMedicine. The Growing Gap in Life Expectancy by Income:

Implications for Federal Programs and Policy Responses.National Academies Press; 2015.

12. Galea S, Abdalla SM. COVID-19 pandemic, unemployment, and civil unrest: underlying deep racial and

socioeconomic divides. JAMA. 2020;324(3):227-228. doi:10.1001/jama.2020.11132

13. Woolf SH, Schoomaker H. Life expectancy andmortality rates in the United States, 1959-2017. JAMA. 2019;

322(20):1996-2016. doi:10.1001/jama.2019.16932

14. Klenk J, Keil U, Jaensch A, ChristiansenMC, Nagel G. Changes in life expectancy 1950-2010: contributions from

age- and disease-specific mortality in selected countries. Popul Health Metr. 2016;14(1):20. doi:10.1186/s12963-

016-0089-x

15. Levi F, Lucchini F, Negri E, La Vecchia C. Trends in mortality from cardiovascular and cerebrovascular diseases

in Europe and other areas of the world.Heart. 2002;88(2):119-124. doi:10.1136/heart.88.2.119

16. Lopez AD, Adair T. Is the long-term decline in cardiovascular-disease mortality in high-income countries over?

evidence from national vital statistics. Int J Epidemiol. 2019;48(6):1815-1823. doi:10.1093/ije/dyz143

17. Johnson CL, Dohrmann SM, Burt VL, Mohadjer LK. National Health and Nutrition Examination Survey: sample

design, 2011-2014. Vital Health Stat 2. 2014;(162):1-33.

18. Centers for Disease Control and Prevention, National Health and Nutrition Examination Survey. NCHS research

ethics review board (ERB) approval. Accessed June 15, 2020. https://www.cdc.gov/nchs/nhanes/irba98.htm

19. Centers for Disease Control and Prevention, National Health and Nutrition Examination Survey. Continuous

NHANES tutorial. Specifying weighting parameters. AccessedMarch 26, 2020. https://wwwn.cdc.gov/nchs/nhanes/

tutorials/module3.aspx

JAMANetworkOpen | Health Policy Trends in Cardiovascular Disease Prevalence by Income Level in the United States

JAMA Network Open. 2020;3(9):e2018150. doi:10.1001/jamanetworkopen.2020.18150 (Reprinted) September 25, 2020 12/14

Downloaded From: https://jamanetwork.com/ on 08/21/2022

https://eml.berkeley.edu/~saez/saez-UStopincomes-2017.pdf
https://www.census.gov/library/publications/2016/demo/p60-256.html
https://www.census.gov/library/publications/2016/demo/p60-256.html
https://dx.doi.org/10.1016/S0140-6736(17)30571-8
https://www.aei.org/carpe-diem/explaining-us-income-inequality-by-household-demographics-2018-update/
https://www.aei.org/carpe-diem/explaining-us-income-inequality-by-household-demographics-2018-update/
https://www.cbo.gov/publication/19096
https://dx.doi.org/10.1056/NEJMsa0707519
https://dx.doi.org/10.2105/AJPH.2009.166082
https://dx.doi.org/10.2105/AJPH.2009.166082
https://dx.doi.org/10.2105/AJPH.2010.300086
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2016.4226&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.18150
https://www.who.int/social_determinants/final_report/csdh_finalreport_2008.pdf
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2020.11132&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.18150
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.16932&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.18150
https://dx.doi.org/10.1186/s12963-016-0089-x
https://dx.doi.org/10.1186/s12963-016-0089-x
https://dx.doi.org/10.1136/heart.88.2.119
https://dx.doi.org/10.1093/ije/dyz143
https://www.ncbi.nlm.nih.gov/pubmed/25569458
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://wwwn.cdc.gov/nchs/nhanes/tutorials/module3.aspx
https://wwwn.cdc.gov/nchs/nhanes/tutorials/module3.aspx


20. EQUATOR Network. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)

statement: guidelines for reporting observational studies. Accessed June 15, 2020. https://www.equator-network.

org/reporting-guidelines/strobe/

21. Centers for Disease Control and Prevention, National Health and Nutrition Examination Survey. 2015-2016

data documentation, codebook, and frequencies. INDFMPIR—Ratio of family income to poverty. Published

September 2017. AccessedMarch 26, 2020. https://wwwn.cdc.gov/nchs/nhanes/Search/DataPage.aspx?

Component=Demographics&CycleBeginYear=2015

22. Zajacova A, Lawrence EM. The relationship between education and health: reducing disparities through a

contextual approach. Annu Rev Public Health. 2018;39(1):273-289. doi:10.1146/annurev-publhealth-031816-

044628

23. Lewis MW, Khodneva Y, Redmond N, et al. The impact of the combination of income and education on the

incidence of coronary heart disease in the prospective Reasons for Geographic and Racial Differences in Stroke

(REGARDS) cohort study. BMC Public Health. 2015;15(1):1312. doi:10.1186/s12889-015-2630-4

24. Meneton P, Kesse-Guyot E, Méjean C, et al. Unemployment is associated with high cardiovascular event rate

and increased all-cause mortality in middle-aged socially privileged individuals. Int Arch Occup Environ Health.

2015;88(6):707-716. doi:10.1007/s00420-014-0997-7

25. Min YI, Anugu P, Butler KR, et al. Cardiovascular disease burden and socioeconomic correlates: findings from

the Jackson Heart Study. J AmHeart Assoc. 2017;6(8):e004416. doi:10.1161/JAHA.116.004416

26. Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular disease: a review of the literature. Circulation.

1993;88(4 Pt 1):1973-1998. doi:10.1161/01.CIR.88.4.1973

27. Roberts CB, Couper DJ, Chang PP, James SA, RosamondWD, Heiss G. Influence of life-course socioeconomic

position on incident heart failure in blacks and whites: the Atherosclerosis Risk in Communities Study. Am J

Epidemiol. 2010;172(6):717-727. doi:10.1093/aje/kwq193

28. Kucharska-Newton AM, Harald K, RosamondWD, Rose KM, Rea TD, Salomaa V. Socioeconomic indicators and

the risk of acute coronary heart disease events: comparison of population-based data from the United States and

Finland. Ann Epidemiol. 2011;21(8):572-579. doi:10.1016/j.annepidem.2011.04.006

29. Fretz A, Schneider ALC, McEvoy JW, et al. The association of socioeconomic status with subclinical myocardial

damage, incident cardiovascular events, andmortality in the ARIC Study. Am J Epidemiol. 2016;183(5):452-461.

doi:10.1093/aje/kwv253

30. Darnell D, O’Connor S, Wagner A, et al. Enhancing the reach of cognitive-behavioral therapy targeting

posttraumatic stress in acute care medical settings. Psychiatr Serv. 2017;68(3):258-263. doi:10.1176/appi.ps.

201500458

31. Lemstra M, Rogers M, Moraros J. Income and heart disease: neglected risk factor. Can Fam Physician. 2015;61

(8):698-704.

32. Vart P, Matsushita K, Rawlings AM, et al. SES, heart failure, and N-terminal pro-b-type natriuretic peptide: the

Atherosclerosis Risk in Communities Study. Am J Prev Med. 2018;54(2):229-236. doi:10.1016/j.amepre.2017.

10.014

33. Yoon SS, Dillon CF, Illoh K, Carroll M. Trends in the prevalence of coronary heart disease in the U.S.: National

Health and Nutrition Examination Survey, 2001-2012. Am J Prev Med. 2016;51(4):437-445. doi:10.1016/j.amepre.

2016.02.023

34. Benjamin EJ, Muntner P, Alonso A, et al; American Heart Association Council on Epidemiology and Prevention

Statistics Committee and Stroke Statistics Subcommittee. Heart disease and stroke statistics—2019 update:

a report from the American Heart Association. Circulation. 2019;139(10):e56-e528. doi:10.1161/CIR.

0000000000000659

35. Heidenreich PA, Albert NM, Allen LA, et al; American Heart Association Advocacy Coordinating Committee;

Council on Arteriosclerosis, Thrombosis and Vascular Biology; Council on Cardiovascular Radiology and

Intervention; Council on Clinical Cardiology; Council on Epidemiology and Prevention; Stroke Council. Forecasting

the impact of heart failure in the United States: a policy statement from the AmericanHeart Association. Circ Heart

Fail. 2013;6(3):606-619. doi:10.1161/HHF.0b013e318291329a

36. Ovbiagele B, Goldstein LB, Higashida RT, et al; American Heart Association Advocacy Coordinating Committee

and Stroke Council. Forecasting the future of stroke in the United States: a policy statement from the American

Heart Association and American Stroke Association. Stroke. 2013;44(8):2361-2375. doi:10.1161/STR.

0b013e31829734f2

JAMANetworkOpen | Health Policy Trends in Cardiovascular Disease Prevalence by Income Level in the United States

JAMA Network Open. 2020;3(9):e2018150. doi:10.1001/jamanetworkopen.2020.18150 (Reprinted) September 25, 2020 13/14

Downloaded From: https://jamanetwork.com/ on 08/21/2022

https://www.equator-network.org/reporting-guidelines/strobe/
https://www.equator-network.org/reporting-guidelines/strobe/
https://wwwn.cdc.gov/nchs/nhanes/Search/DataPage.aspx?Component=Demographics&CycleBeginYear=2015
https://wwwn.cdc.gov/nchs/nhanes/Search/DataPage.aspx?Component=Demographics&CycleBeginYear=2015
https://dx.doi.org/10.1146/annurev-publhealth-031816-044628
https://dx.doi.org/10.1146/annurev-publhealth-031816-044628
https://dx.doi.org/10.1186/s12889-015-2630-4
https://dx.doi.org/10.1007/s00420-014-0997-7
https://dx.doi.org/10.1161/JAHA.116.004416
https://dx.doi.org/10.1161/01.CIR.88.4.1973
https://dx.doi.org/10.1093/aje/kwq193
https://dx.doi.org/10.1016/j.annepidem.2011.04.006
https://dx.doi.org/10.1093/aje/kwv253
https://dx.doi.org/10.1176/appi.ps.201500458
https://dx.doi.org/10.1176/appi.ps.201500458
https://www.ncbi.nlm.nih.gov/pubmed/26836056
https://www.ncbi.nlm.nih.gov/pubmed/26836056
https://dx.doi.org/10.1016/j.amepre.2017.10.014
https://dx.doi.org/10.1016/j.amepre.2017.10.014
https://dx.doi.org/10.1016/j.amepre.2016.02.023
https://dx.doi.org/10.1016/j.amepre.2016.02.023
https://dx.doi.org/10.1161/CIR.0000000000000659
https://dx.doi.org/10.1161/CIR.0000000000000659
https://dx.doi.org/10.1161/HHF.0b013e318291329a
https://dx.doi.org/10.1161/STR.0b013e31829734f2
https://dx.doi.org/10.1161/STR.0b013e31829734f2


37. Khera R, Valero-Elizondo J, Okunrintemi V, et al. Association of out-of-pocket annual health expenditures with

financial hardship in low-income adults with atherosclerotic cardiovascular disease in the United States. JAMA

Cardiol. 2018;3(8):729-738. doi:10.1001/jamacardio.2018.1813

38. Khera R, Hong JC, Saxena A, et al. Burden of catastrophic health expenditures for acute myocardial infarction

and stroke among uninsured in the United States. Circulation. 2018;137(4):408-410. doi:10.1161/

CIRCULATIONAHA.117.030128

39. Jackson SL, Tong X, King RJ, Loustalot F, Hong Y, Ritchey MD. National burden of heart failure events in the

United States, 2006 to 2014. Circ Heart Fail. 2018;11(12):e004873. doi:10.1161/CIRCHEARTFAILURE.117.004873

40. Lopez-Jimenez F, Batsis JA, Roger VL, Brekke L, Ting HH, Somers VK. Trends in 10-year predicted risk of

cardiovascular disease in the United States, 1976 to 2004. Circ Cardiovasc Qual Outcomes. 2009;2(5):443-450.

doi:10.1161/CIRCOUTCOMES.108.847202

SUPPLEMENT.

eTable 1.Model 1: Multivariable Analysis of the Association Between Congestive Heart Failure and Demographics,

1999-2016

eTable 2.Model 1: Multivariable Analysis of the Association Between Angina and Demographics, 1999-2016

eTable 3.Model 1: Multivariable Analysis of the Association Between Heart Attack and Demographics, 1999-2016

eTable 4.Model 1: Multivariable Analysis of the Association Between Stroke and Demographics, 1999-2016

eTable 5.Model 2: Multivariable Analysis of the Association Between Congestive Heart Failure, Demographics, and

CVD Risk Factors, 1999-2016

eTable 6.Model 2: Multivariable Analysis of the Association Between Angina, Demographics, and CVD Risk

Factors, 1999-2016

eTable 7.Model 2: Multivariable Analysis of the Association Between Heart Attack, Demographics, and CVD Risk

Factors, 1999-2016

eTable 8.Model 2:Multivariable Analysis of the Association Between Stroke, Demographics, and CVDRisk Factors,

1999-2016

JAMANetworkOpen | Health Policy Trends in Cardiovascular Disease Prevalence by Income Level in the United States

JAMA Network Open. 2020;3(9):e2018150. doi:10.1001/jamanetworkopen.2020.18150 (Reprinted) September 25, 2020 14/14

Downloaded From: https://jamanetwork.com/ on 08/21/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2018.1813&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.18150
https://dx.doi.org/10.1161/CIRCULATIONAHA.117.030128
https://dx.doi.org/10.1161/CIRCULATIONAHA.117.030128
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.117.004873
https://dx.doi.org/10.1161/CIRCOUTCOMES.108.847202

