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a b s t r a c t 

Objective: : Associations between income disparity and utilization of cardiovascular disease (CVD) preventive 

care services, such as receipt of lifestyle advice and screening for CVD risk factors in populations with and 

without CVD, are not well understood. The purpose of this study was to evaluate associations between income 

and utilization of CVD-preventive services among U.S. adults. 

Methods: : We included adults ≥ 18 years with and without CVD from the 2006 to 2015 Medical Expenditure 

Panel Survey. We categorized participants as high-income ( > 400% of federal poverty level [FPL]), middle in- 

come (200–400% of FPL), low-income (125–200% of FPL) and very low (VL)-income ( < 125% of FPL). We used 

logistic regression to compare the likelihood of receiving CVD-preventive services by income strata, adjusting for 

sociodemographic factors and comorbidities. 

Results: : The study included 185,081 participants (representing 194.6 million U.S. adults) without CVD, and 

32,862 participants (representing 37 million U.S. adults) with CVD. VL-income adults without CVD were less 

likely than high-income adults to have blood pressure measured within past 2 years [odds ratio [OR] 0.41 (95% 

confidence interval [CI] 0.37–0.45)] or cholesterol levels checked within past 5 years [0.36 (0.33–0.38)] or 

receive counseling about diet modifications [0.77 (0.74–0.81)], exercise [0.81 (0.77–0.85)], or smoking cessation 

[0.71 (0.63–0.79)] within past year. VL-income adults with CVD were also less likely to have blood pressure [0.32 

(0.22–0.46)] or cholesterol [0.33 (0.26–0.42)] checked and receive counseling about exercise [0.84 (0.76–0.93)] 

or smoking cessation [0.78 (0.61–0.99)]. Additional subgroup analyses restricted to participants who had seen 

a healthcare provider within the preceding 12 months, as well as secondary analyses stratified by sex, race and 

ethnicity, showed similar disparities between high-income and VL-income participants. 

Conclusions: : VL-income adults were less likely to be screened for CVD risk factors or receive CVD-prevention 

counseling than high-income adults, regardless of CVD status. More work must be done to reduce disparities in 

access to and utilization of CVD-preventive services among adults in different income groups. 
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bbreviations 

ES socioeconomic status 

VD cardiovascular disease 

EPS Medical Expenditure Panel Survey 

PL federal poverty level 

L very low 
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. Introduction 

Socioeconomic status (SES)–often measured using individual income

evel, individual educational level attained, individual employment sta-

us, or neighborhood-level socioeconomic characteristics–is a social de-

erminant of health associated with cardiovascular disease (CVD) [ 1 , 2 ].

ower individual and neighborhood-level SES are associated with an

ncreased incidence and prevalence of CVD, including coronary heart

isease, heart failure and stroke [ 1 , 3-6 ]. Individuals of lower SES have

orse cardiovascular outcomes, such as CVD-related mortality [7] . Ad-
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itionally, lower SES has been associated with increased prevalence of

isk factors, such as hypertension, hyperlipidemia, obesity, smoking and

hysical activity [8–12] . 

Modifiable CVD risk factors are associated with worse cardiovascular

utcomes such as myocardial infarction, stroke, heart failure and death.

ne way to reduce morbidity and mortality from CVD may be to pre-

ent CVD altogether or prevent its progression by providing preventive

are services, such as lifestyle counseling (i.e., smoking cessation, phys-

cal activity, dietary management) and screening for risk factors (i.e.,

ypertension and hyperlipidemia) to reduce CVD risk. However, while

ower SES has been associated with lower utilization of some preventive

are services, the relationship between SES and utilization of preventive

ervices with a focus on CVD prevention is less well understood, espe-

ially in a representative sample of the United States (U.S.) population

13] . Furthermore, whether this relationship varies depending on an

ndividual’s preexisting CVD status is also unknown. 

Therefore, we examined the relationship between SES and utiliza-

ion of CVD risk-related preventive care services, hypothesizing that SES

ould be directly associated with utilization of these services in people

ithout CVD, but not as much as those with CVD. Using data from a

ationally representative U.S. sample and household income as a proxy

or SES, we compared utilization of CVD preventive care services among

eople with and without an existing diagnosis of CVD and at varying in-

ome levels. Elucidating socioeconomic disparities in the utilization of

VD preventive care services may aid in the future development of in-

erventions to decrease disparities in access to health care and improve

ardiovascular outcomes for people with lower SES. 

. Methods 

.1. Data source and study design 

We used data from the Medical Expenditure Panel Survey (MEPS) to

onduct this retrospective observational study. MEPS is a nationwide se-

ies of surveys of individuals and families, physicians, hospitals, pharma-

ies and employers, conducted by the Agency for Healthcare Research

nd Quality [ 14 , 15 ]. Results are reported annually and include informa-

ion about demographic and socioeconomic characteristics, patients’ ex-

eriences, medical comorbidities, prescription medications, utilization

f healthcare resources, healthcare costs and payment sources. Because

erson-level weighting and variance estimation were used to account

or survey nonresponse and national population characteristics, MEPS

ffers a nationally representative U.S. sample. More detailed informa-

ion regarding the MEPS data collection process can be found in other

ublications [16–18] . Following Department of Health and Human Ser-

ices recommendations, our study was exempt from Institutional Re-

iew Board review because it employed a publicly accessible and de-

dentified dataset. 

We used MEPS data collected between 2006 and 2015, representing

49,405 participants ( Fig. 1 ). We excluded participants less than 18

ears old and those with a sampling weight of zero (to preserve the

ationally representative sample). We then divided the population into

wo groups: individuals without CVD and those with CVD. Individuals

ith CVD were identified by self-report or International Classification of

iseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for the

iagnoses of coronary artery disease (ICD-9: 410, 413, and 414), stroke

ICD-9: 433–437), heart failure (ICD-9: 428), cardiac dysrhythmia (ICD-

: 427) or peripheral artery disease (ICD-9: 440, 443, 447). 

.2. Study variables 

We categorized a participant’s SES by using the individual’s house-

old income. We classified income into 4 distinct subgroups: [1] high-

ncome if household income was greater than 400% of the federal

overty level (FPL), [2] middle-income if household income was be-

ween 200 and 400% of the FPL, [3] low-income if household income
2 
as between 125 and 200% of FPL and [4] very low (VL)-income if

ousehold income was less than 125% of FPL. Income served as the

rimary exposure variable. 

Other baseline sociodemographic variables and covariates included

ge (18–39, 40–64, 67–74 or 75 + years old), sex (female or male),

ace/ethnicity (self-reported non-Hispanic White, Black, Hispanic or

sian adult), geographic region (Northeast, Midwest, South or West),

ducation level attained (less than high school, high school/Graduate

ducational Development [GED] or some college or higher), health in-

urance status (uninsured, private, Medicare or Medicaid), employment

tatus (currently employed including self-employed and part-time em-

loyed, currently unemployed, or currently unemployed but employed

n last 12 months), marital status (married, separated/divorced or never

arried), clinician visit within the last 12 months, and modified Charl-

on Comorbidity Index [ 19 , 20 ] (0, 1, 2 or greater). 

.3. Outcomes 

The primary outcomes were utilization of the following CVD risk

reventive care services: smoking cessation counseling ("advised to quit

moking", if the participant was a current smoker), blood pressure (BP)

easurement ("blood pressure checked within the last two years"), ex-

rcise counseling ("advised to exercise more"), dietary counseling ("ad-

ised by a healthcare professional to eat fewer high fat/cholesterol

oods") and lipid panel testing (cholesterol levels checked within the

ast five years"). These outcomes were ascertained from the MEPS sur-

ey completed annually by the participants. Responses were categorical

yes or no). 

.4. Statistical analysis 

We used 𝜒2 tests to compare baseline sociodemographic character-

stics of MEPS participants by income group, separating participants

nto those without CVD and those with CVD. We compared unadjusted

ates of utilization of CVD risk-related preventive services across income

roups among participants with and without CVD, using 𝜒22 tests, with

 p-value < 0.05 considered as statistically significant. We then exam-

ned the association between income and utilization or receipt of CVD

isk preventive services in both participants with and without CVD. For

ach of the outcomes, we used logistic regression to calculate odds ra-

ios and compare the likelihood of utilizing or receiving CVD risk pre-

entive services among participants in different income groups, with

he high-income group serving as the reference group. We adjusted

or age, race/ethnicity, sex, region, health insurance, educational sta-

us and Charlson Comorbidity Index in our models. To account for pos-

ible variation in participant adherence to visits with primary health-

are providers, we conducted subgroup analyses of participants with

nd without CVD, restricted to only those who had visited their health-

are provider at least once within the 12 months prior to the survey.

e also conducted further secondary analyses comparing the likelihood

f utilization of CVD risk preventive services by income level, stratified

y sex (male and female), race (non-Hispanic White, Black and Asian)

nd ethnicity (Hispanic) participants; models for these subgroup analy-

es were not adjusted for additional variables. Analyses were conducted

sing Stata, version 14 (StataCorp, College Station, TX), incorporating

ariance estimation and person-level weights to maintain the nationally

epresentative study sample. 

. Results 

.1. Study demographics 

The MEPS sample from 2006 to 2015 included 349,405 individuals.

fter exclusion of individuals younger than 18 and those with a person-

eight of zero, there were 185,081 participants (representing 194 mil-

ion U.S. adults) without CVD and 32,862 participants (representing 37
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Fig. 1. flowchart of participant inclusion pro- 

cess using data from Medical Expenditure Panel 

Survey (MEPS), 2006 to 2015. 
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illion U.S. adults) with CVD in our study sample ( Fig. 1 ). Baseline

haracteristics for participants without and with CVD, respectively, are

hown in Tables 1a - b . Among participants without CVD, there were

ewer participants in the lower income groups (VL-income, low-income)

han in the high-income group. Low- and VL-income individuals were

ounger and were more likely to be male, Black or Hispanic adults, or

rom the South region of U.S. than high-income individuals. Low- and

L-income participants were also more frequently uninsured, on Medi-

aid, unmarried, unemployed, and had attained lower levels of educa-

ion than high-income participants. Among participants with CVD, there

ere again fewer participants in the lower income groups than in the

igh-income group. Compared to high-income participants, VL-income

ndividuals were also more likely to be younger, male, Black or Hispanic

dults, from the South, uninsured or on Medicaid, unmarried, unem-

loyed, and had attained lower levels of education. VL-income partici-

ants also had more comorbidities and were less likely to attend regular

linician visits, regardless of CVD status. 

.2. Primary outcomes 

Among participants without CVD, low- and VL-income participants

xperienced lower unadjusted rates of smoking cessation counseling,

P measurement within the last two years, exercise counseling, dietary

ounseling and lipid panel measurement within the last two years than

igh-income participants ( Fig. 2a , Supplemental Table S1a ). Among
3 
articipants with CVD, low- and VL-income participants experienced

ower unadjusted rates of BP measurement, exercise counseling, dietary

ounseling, and lipid panel testing than their high-income counterparts;

ow-income but not VL-income participants received smoking cessation

ounseling less frequently ( Fig. 2b , Supplemental Table S1b ). 

After adjusting for age, race/ethnicity, sex, region, health insurance,

ducational status and comorbidity index, low- and VL-income partici-

ants without CVD were significantly less likely to receive CVD risk pre-

entive services than their high-income counterparts ( Table 2a ). Low-

nd VL-income participants who smoked were less likely to be advised

o quit smoking than high-income participants [OR 0.70 (95% CI, 0.62–

.79) and OR 0.71 (0.63–0.79), respectively]. Low- and VL-income par-

icipants were less likely to have had their BP measured within the

ast 2 years [OR 0.45 (0.42–0.49) and OR 0.41 (0.37–0.45), respec-

ively]. Low- and VL-income participants were less likely to receive ex-

rcise counseling [OR 0.79 (0.75–0.84) and OR 0.81 (0.77–0.85), re-

pectively]. Low- and VL-income participants were less likely to receive

ietary counseling [OR 0.77 (0.73–0.81) and OR 0.77 (0.74–0.81), re-

pectively]. Low- and VL-income participants were less likely to have

ad their cholesterol checked within the last 5 years [OR 0.42 (0.39–

.45) and OR 0.36 (0.33–0.38), respectively]. 

After making the same adjustments as above, low- and VL-income

articipants with CVD were also significantly less likely to receive CVD

reventive services than their high-income counterparts ( Table 2b ).
Fig. 2a. Unadjusted utilization rates of CVD risk preventive 

services among MEPS participants without CVD between 2006 

and 2015, based on level of income. 
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Fig. 2b. Unadjusted utilization rates of CVD risk preventive 

services among MEPS participants with CVD between 2006 and 

2015, based on level of income. 

Table 1a 

Weighted baseline characteristics of MEPS participants without CVD between 2006 and 2015, categorized by level of income. 

Characteristic High-income a 

N or weighted% 

Middle-income a 

N or weighted% 

Low-income a 

N or weighted% 

VL-income a 

N or weighted% 

P-value 

Total participants 75,883 57,375 24,060 27,762 

Weighted sample 79.8 million 60.3 million 25.3 million 29.2 million 

Age groups (years) 

18–39 35.4 47.1 48.7 54.4 < 0.001 

40–64 52.2 41.3 35.6 34.1 

65–74 8.9 6.9 8.3 5.9 

≥ 75 3.5 4.7 7.4 5.6 

Sex 

Female 50.8 48.9 46.4 42.1 < 0.001 

Male 49.2 51.1 53.6 57.9 

Race/ethnicity 

Non-Hispanic White 77.7 65.3 53.8 47.4 < 0.001 

Black 7.4 12.4 15.2 20.6 

Asian 6.9 5.0 5.0 4.8 

Hispanic 8.0 17.3 26.0 27.2 

Region 

Northeast 21.0 16.6 16.1 16.2 < 0.001 

Midwest 21.7 22.5 19.4 19.2 

South 33.4 37.6 39.3 40.4 

West 23.9 23.3 25.2 24.2 

Education 

Less than high school 6.5 17.0 28.3 37.7 < 0.001 

High school/GED 54.2 57.6 53.5 47.4 

Some college or higher 39.3 25.4 18.2 14.9 

Insurance status 

Uninsured 5.9 16.2 28.5 33.6 < 0.001 

Private 84.1 69.5 43.5 22.9 

Medicaid 1.1 4.7 13.6 31.3 

Medicare 8.9 9.6 14.4 12.2 

Employment status 

Currently unemployed 18.5 23.4 34.0 52.5 < 0.001 

Currently employed 78.6 73.1 61.2 41.8 

Currently unemployed but 

employed in past 12 months 

2.9 3.5 4.8 5.7 

Marital status 

Married 66.0 52.1 43.9 31.9 < 0.001 

Divorced 12.1 18.3 22.5 24.4 

Never married 21.9 29.6 33.6 43.7 

Charlson comorbidity index 

0 87.2 87.3 86.3 84.6 < 0.001 

1 9.4 9.9 10.3 12.2 

≥ 2 3.4 2.8 3.4 3.2 

Regular healthcare visit 

Yes 81.3 72.7 65.7 63.0 < 0.001 

No 18.7 27.3 34.4 37.0 

Abbreviations: MEPS, Medical Expenditure Panel Survey; CVD, cardiovascular disease; VL, very low; N, number of participants. 
a Income level is one’s household income, given as proportion of federal poverty level (FPL): high-income ( ≥ 400% FPL), middle- 

income (200 to < 400% FPL), low-income (125 to < 200% FPL), very low-income ( < 125% FPL). 

4 
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Table 1b 

Baseline characteristics MEPS participants with CVD between 2006 and 2015 across income strata. 

Characteristic High-income a 

N or weighted% 

Middle-income a 

N or weighted% 

Low-income a 

N or weighted% 

VL-income a 

N or weighted% 

P-value 

Total participants 11,830 9530 5258 6244 

Weighted sample 13.3 million 10.7 million 5.9 million 7.1 million 

Age groups (years) 

18–39 9.8 11.4 11.0 15.3 < 0.001 

40–64 44.8 38.1 31.3 42.6 

65–74 25.4 22.2 23.1 18.3 

≥ 75 20.0 28.3 34.6 23.8 

Sex 

Female 54.6 48.9 43.0 40.0 < 0.001 

Male 45.4 51.1 57.0 60.0 

Race/ethnicity 

Non-Hispanic white 86.6 78.9 75.4 65.1 < 0.001 

Black 6.5 10.0 12.4 18.9 

Asian 2.6 2.3 2.0 2.7 

Hispanic 4.3 8.8 10.2 13.3 

Region 

Northeast 20.3 17.9 15.9 17.1 < 0.001 

Midwest 23.3 24.4 22.5 22.0 

South 34.8 39.1 42.2 42.1 

West 21.6 18.6 19.4 18.8 

Education 

Less than high school 7.2 20.0 30.0 40.2 < 0.001 

High school/GED 54.6 57.2 52.5 45.1 

Some college or higher 38.2 22.8 17.5 14.7 

Insurance status 

Uninsured 2.7 6.6 9.4 12.3 < 0.001 

Private 57.1 40.8 21.3 12.1 

Medicaid 1.3 6.1 13.0 32.0 

Medicare 38.9 46.5 56.3 43.6 

Employment status 

Currently unemployed 43.9 59.2 74.8 83.5 < 0.001 

Currently employed 53.7 38.3 22.8 14.0 

Currently unemployed but 

employed in past 12 months 

2.4 2.5 2.4 2.5 

Marital status 

Married 71.2 55.6 43.7 30.4 < 0.001 

Divorced 20.7 33.5 44.3 49.9 

Never married 8.1 10.9 12.0 19.7 

Charlson comorbidity index 

0 61.5 55.2 49.7 46.8 < 0.001 

1 25.4 28.7 32.7 32.8 

≥ 2 13.1 16.1 17.6 20.4 

Regular healthcare visit 

Yes 92.7 91.0 88.5 86.4 < 0.001 

No 7.4 9.0 11.5 13.6 

See Footnotes for Table 1a . 

Table 2a 

Association between income and utilization of CVD risk preventive services among MEPS participants without CVD, based on level of income. 

Preventive Service High-income a Middle-income a OR b , c 

(95% CI) 

Low-income a OR b , c 

(95% CI) 

VL-income a OR b , c (95% 

CI) 

Advised to quit smoking (current smokers) 1 (Ref) 0.81 (0.72–0.91) ∗ 0.70 (0.62–0.79) ∗ 0.71 (0.63–0.79) ∗ 

Blood pressure checked within the last 2 years 1 (Ref) 0.61 (0.57–0.66) ∗ 0.45 (0.42–0.49) ∗ 0.41 (0.37–0.45) ∗ 

Advised to exercise more 1 (Ref) 0.92 (0.88–0.96) ∗ 0.79 (0.75–0.84) ∗ 0.81 (0.77–0.85) ∗ 

Advised by a healthcare professional to 

eat fewer high fat/cholesterol foods 

1 (Ref) 0.89 (0.86–0.93) ∗ 0.77 (0.73–0.81) ∗ 0.77 (0.74–0.81) ∗ 

Cholesterol levels checked within last 5 years 1 (Ref) 0.60 (0.56–0.64) ∗ 0.42 (0.39–0.45) ∗ 0.36 (0.33–0.38) ∗ 

Abbreviations: CVD, cardiovascular disease; MEPS, Medical Expenditure Panel Survey; VL, very low; OR, odds ratio; CI, confidence interval. 
a Income level is one’s household income, given as proportion of federal poverty level (FPL): high-income ( ≥ 400% FPL), middle-income (200 to < 400% 

FPL), low-income (125 to < 200% FPL), very low-income ( < 125% FPL). 
b OR models adjust for age, race/ethnicity, sex, region, health insurance, educational status, Charlson Comorbidity Index; the high-income group 

serves as the reference group. 
c OR < 1 indicates a group is less likely to receive a CVD risk preventive service. 
∗ Indicates statistically significant results ( p < 0.05). 

5 
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Table 2b 

Association between income and utilization of CVD risk preventive services among MEPS participants with CVD, based on level of income. 

Preventive Service High-income a Middle-income a OR b , c 

(95% CI) 

Low-income a OR b , c 

(95% CI) 

VL-income a OR b , c (95% 

CI) 

Advised to quit smoking (current smokers) 1 (Ref) 0.97 (0.74–1.27) 0.64 (0.48–0.86) ∗ 0.78 (0.61–0.99) ∗ 

Blood pressure checked within the last 2 years 1 (Ref) 0.45 (0.32–0.63) ∗ 0.34 (0.24–0.49) ∗ 0.32 (0.22–0.46) ∗ 

Advised to exercise more 1 (Ref) 0.89 (0.82–0.97) ∗ 0.79 (0.71–0.87) ∗ 0.84 (0.76–0.93) ∗ 

Advised by a healthcare professional to 

eat fewer high fat/cholesterol foods 

1 (Ref) 0.87 (0.80–0.95) ∗ 0.84 (0.76–0.93) ∗ 0.95 (0.86–1.04) 

Cholesterol levels checked within last 5 years 1 (Ref) 0.50 (0.41–0.61) ∗ 0.34 (0.28–0.42) ∗ 0.33 (0.26–0.42) ∗ 

Abbreviations: CVD, cardiovascular disease; MEPS, Medical Expenditure Panel Survey; VL, very low; OR, odds ratio; CI, confidence interval. 
a Income level is one’s household income, given as proportion of federal poverty level (FPL): high-income ( ≥ 400% FPL), middle-income (200 to < 400% 

FPL), low-income (125 to < 200% FPL), very low-income ( < 125% FPL). 
b OR models adjust for age, race/ethnicity, sex, region, health insurance, educational status, Charlson Comorbidity Index; the high-income group 

serves as the reference group. 
c OR < 1 indicates a group is less likely to receive a CVD risk preventive service. 
∗ Indicates statistically significant results ( p < 0.05). 

Table 3a 

Association between income and utilization of CVD risk preventive services among participants without CVD, restricted to those who visited a provider 

within past year. 

Preventive Service High-income a Middle-income a OR b , c 

(95% CI) 

Low-income a OR b , c 

(95% CI) 

VL-income a OR b , c (95% 

CI) 

Advised to quit smoking (current smokers) 1 (Ref) 0.93 (0.81–1.07) 0.85 (0.73–1.00) 0.87 (0.75–1.01) 

Blood pressure checked within the last 2 years 1 (Ref) 0.68 (0.60–0.76) ∗ 0.65 (0.56–0.75) ∗ 0.65 (0.56–0.77) ∗ 

Advised to exercise more 1 (Ref) 0.91 (0.87–0.95) ∗ 0.82 (0.77–0.88) ∗ 0.80 (0.75–0.85) ∗ 

Advised by a healthcare professional to eat 

fewer high fat/cholesterol foods 

1 (Ref) 0.96 (0.92–1.00) 0.90 (0.85–0.96) ∗ 0.87 (0.82–0.93) ∗ 

Cholesterol levels checked within last 5 years 1 (Ref) 0.69 (0.64–0.74) ∗ 0.57 (0.52–0.62) ∗ 0.55 (0.50–0.61) ∗ 

Abbreviations: CVD, cardiovascular disease; MEPS, Medical Expenditure Panel Survey; VL, very low; OR, odds ratio; CI, confidence interval. 
a Income level is one’s household income, given as proportion of federal poverty level (FPL): high-income ( ≥ 400% FPL), middle-income (200 to < 400% 

FPL), low-income (125 to < 200% FPL), very low-income ( < 125% FPL). 
b OR models adjust for age, race/ethnicity, sex, region, health insurance, educational status, Charlson Comorbidity Index; the high-income group 

serves as the reference group. 
c OR < 1 indicates a group is less likely to receive a CVD risk preventive service. 
∗ Indicates statistically significant results ( p < 0.05). 
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ow- and VL-income participants who smoked were less likely to be

dvised to quit smoking than high-income participants [OR 0.64 (0.48–

.86) and OR 0.78 (0.61–0.99), respectively]. Low- and VL-income par-

icipants were less likely to have had their BP measured within the

ast 2 years [OR 0.34 (0.24–0.49) and OR 0.32 (0.22–0.46), respec-

ively]. Low- and VL-income participants were less likely to receive exer-

ise counseling [OR 0.79 (0.71–0.87) and OR 0.84 (0.76–0.93), respec-

ively]. Low-income (but not VL-income) participants were less likely

o receive dietary counseling [OR 0.84 (0.76–0.93) and OR 0.95 (0.86–

.04)]. Low- and VL-income participants were less likely to have had

heir cholesterol checked within the last 5 years [OR 0.34 (0.28–0.42)

nd OR 0.33 (0.26–0.42), respectively]. 

.3. Subgroup analyses 

In our subgroup analysis restricted to only individuals without CVD

ho visited their healthcare provider at least once within the 12 months

rior to the survey, results were mostly similar ( Table 3a ). Low- and VL-

ncome participants who smoked trended less likely to receive smok-

ng cessation counseling than their high-income counterparts, though

esults were not statistically significant [OR 0.85 (0.73–1.00) and OR

.87 (0.75–1.01), respectively]. Low- and VL-income participants were

ess likely to have had their BP measured within the last 2 years [OR

.65 (0.56–0.75) and OR 0.65 (0.56–0.77), respectively]. Low- and

L-income participants were less likely to receive exercise counseling

OR 0.82 (0.77–0.88) and OR 0.80 (0.75–0.85), respectively]. Low- and

L-income participants were less likely to receive dietary counseling
6 
OR 0.90 (0.85–0.96) and OR 0.87 (0.82–0.93), respectively]. Low- and

L-income participants were less likely to have had their cholesterol

hecked within the last 5 years [OR 0.57 (0.52–0.62) and OR 0.55 (0.50–

.61), respectively]. 

In the subgroup analysis restricted to individuals with CVD who vis-

ted their healthcare provider at least once within the 12 months prior

o the survey, results were similar, though some were no longer sta-

istically significant ( Table 3b ) . Low- and VL-income participants who

moked trended less likely to receive smoking cessation counseling than

heir high-income counterparts, though results were not statistically sig-

ificant [OR 0.74 (0.53–1.04) and OR 0.87 (0.61–1.26), respectively].

ow- and VL-income participants were less likely to have had their BP

easured within the last 2 years [OR 0.45 (0.26–0.77) and OR 0.47

0.27–0.82), respectively]. Low- and VL-income participants were less

ikely to receive exercise counseling [OR 0.70 (0.62–0.79) and OR 0.67

0.60–0.74), respectively]. Low- and VL-income participants trended

ess likely to receive dietary counseling but the results were not statisti-

ally significant [OR 0.88 (0.77–1.00) and OR 0.93 (0.82–1.06)]. Low-

nd VL-income participants were less likely to have had their choles-

erol checked within the last 5 years [OR 0.54 (0.40–0.73) and OR 0.44

0.31–0.61), respectively]. 

In the additional analyses stratified by sex, race and ethnicity, re-

ults were similar to the primary analyses. Both male and female low

nd VL-income participants were generally less likely to utilize or re-

eive CVD risk preventive services, compared to high-income partici-

ants of the same sex ( Tables S2a-S2b ). Similarly, regardless of their
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Table 3b 

Association between income and utilization of CVD risk preventive services among participants with CVD, restricted to those who visited a provider 

within past year. 

Preventive Service High-income a Middle-income a OR b , c 

(95% CI) 

Low-income a OR b , c 

(95% CI) 

VL-income a OR b , c (95% 

CI) 

Advised to quit smoking (current smokers) 1 (Ref) 1.02 (0.73–1.42) 0.74 (0.53–1.04) 0.87 (0.61–1.26) 

Blood pressure checked within the last 2 years 1 (Ref) 0.49 (0.30–0.81) ∗ 0.45 (0.26–0.77) ∗ 0.47 (0.27–0.82) ∗ 

Advised to exercise more 1 (Ref) 0.86 (0.78–0.94) ∗ 0.70 (0.62–0.79) ∗ 0.67 (0.60–0.74) ∗ 

Advised by a healthcare professional to eat fewer 

high fat/cholesterol foods 

1 (Ref) 0.91 (0.82–0.99) ∗ 0.88 (0.77–1.00) 0.93 (0.82–1.06) 

Cholesterol levels checked within last 5 years 1 (Ref) 0.55 (0.42–0.72) ∗ 0.54 (0.40–0.73) ∗ 0.44 (0.31–0.61) ∗ 

Abbreviations: CVD, cardiovascular disease; MEPS, Medical Expenditure Panel Survey; VL, very low; OR, odds ratio; CI, confidence interval. 
a Income level is one’s household income, given as proportion of federal poverty level (FPL): high-income ( ≥ 400% FPL), middle-income (200 to < 400% 

FPL), low-income (125 to < 200% FPL), very low-income ( < 125% FPL). 
b OR models adjust for age, race/ethnicity, sex, region, health insurance, educational status, Charlson Comorbidity Index; the high-income group 

serves as the reference group. 
c OR < 1 indicates a group is less likely to receive a CVD risk preventive service. 
∗ Indicates statistically significant results ( p < 0.05). 
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ace (non-Hispanic White, Black or Asian) or ethnicity (Hispanic), low

nd VL-income participants were less likely to utilize or receive CVD risk

reventive services than their high-income counterparts ( Tables S3a-

3d ). 

. Discussion 

In a large, cross-sectional and nationally representative sample of

.S. adults, we observed significant disparity in utilization of CVD risk-

elated preventive services among participants of differing individual

ES. Even after adjusting for baseline demographics, other socioeco-

omic factors and comorbidities, low-income U.S. adults were less likely

o be screened for CVD risk factors (i.e. hypertension, hyperlipidemia) or

eceive counseling for prevention of CVD (i.e. smoking cessation, exer-

ise counseling, dietary counseling) than high-income adults, regardless

f CVD status. 

Notably, these disparities persisted in subgroup analyses of individ-

als who had visited their healthcare provider at least once within the

rior 12 months, as well as in secondary analyses stratified by sex, race

nd ethnicity. These findings highlight striking disparities in provision

f CVD risk preventive care. Our findings also suggest that though it is

ften heavily intertwined with other social determinants of health such

s race/ethnicity, education level and insurance status, individual in-

ome status may be independently associated with a lower likelihood of

tilizing CVD preventive services. 

The association between socioeconomic disparity and cardiovascu-

ar outcomes is well established. Studies have shown that individuals of

ower SES experience worse cardiovascular outcomes and have higher

ates of cardiovascular risk factors [ 5 , 21-23 ]. These disparities between

ocioeconomic classes have only worsened in recent decades [ 8 , 24 ]. In-

ividuals of lower SES have also been shown to be less likely to utilize or

eceive preventive care services such as cancer screening, vaccinations,

ye examinations and dental examinations [ 13 , 25 ]. However, poten-

ial differences regarding utilization of specifically CVD risk preventive

ervices among representative socioeconomic populations in the U.S.,

xamining both individuals with and without CVD, are less well under-

tood. 

One prior study using data from MEPS found disparities in BP and

holesterol checkups based on age, sex, insurance status, income status

nd race, but did not assess for other CVD risk preventive services, such

s smoking cessation, dietary or exercise counseling, and did not strat-

fy participants based on CVD status [26] . Other studies have shown

he disparity in utilization of preventive care services supported by the

.S. Preventive Services Task Force such as BP and cholesterol screen-

ng based on insurance status, though not necessarily based on income
7 
 27 , 28 ]. Insured participants from the 1996 MEPS survey who had a

sual source of care were over four times as likely to have their BP or

holesterol checked compared to those who were uninsured and had no

sual source of care [28] . This study, however, did not assess for as-

ociation with other socioeconomic factors such as income, did not as-

ess other CVD preventive factors and did not stratify individuals with

nd without CVD. Additional studies examining preventive screening

or CVD have found that socioeconomically deprived individuals were

ess likely to receive CVD preventive screening, but these studies were

erformed in countries outside of the U.S. and also did not stratify indi-

iduals based on existing CVD status [29–31] . 

The magnitude of the difference in the utilization of CVD preven-

ive services between high- and low-income participants was particu-

arly striking; low- and VL-income participants, both with and without

VD, were 20–70% less likely to receive these services after adjusting for

ociodemographic characteristics. Many contributory personal and con-

extual factors contribute to these disparities, some of which are com-

lex and challenging to measure. There may be individual behavioral

actors such as attendance to visits, patient trust in healthcare providers

r ability to engage in healthy lifestyle behaviors (e.g., eating healthy

oods or exercising), which may be lower in more socioeconomically de-

rived populations [32–34] . There may be provider-level factors such as

ifferences in the quality of care that individuals of varying income sta-

us receive or lack of available providers in lower-income communities

 35 , 36 ]. 

There may be psychosocial factors that affect access to care, such

s stress due to poverty, housing insecurity, discrimination, structural

acism, and lack of social support [37–43] . Furthermore, there may be

ontributing aspects of the physical environment such as distance from

 provider, lack of access to grocery stores, lack of public recreation fa-

ilities, lack of transportation, lack of neighborhood walkability, lack

f neighborhood green spaces or lack of neighborhood safety in low-

ncome neighborhoods [44–47] . Such factors may decrease socioeco-

omically disadvantaged people’s ability to engage in CVD risk preven-

ive activities. These contextual factors must be further studied to better

nderstand the complex underlying mechanisms mediating the associa-

ions observed in this study. 

Identifying cardiovascular risk via preventive care services is essen-

ial to create optimal and cost-effective behavioral or pharmacologic

nterventions to reduce CVD burden. These interventions may also ulti-

ately improve quality of life and healthcare experiences, especially in

atients with known CVD [48] . Moreover, reducing cardiovascular risk

ay reduce healthcare expenditures, which may unburden both patients

nd the U.S. health care system at large [49–51] . Therefore, targeted

nterventions to improve utilization of CVD risk preventive services to-
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ards populations of lower SES may improve cardiovascular outcomes

nd reduce healthcare costs. 

Still, challenges persist in reducing socioeconomic disparity and its

any deleterious downstream effects, including disparities in access to

nd quality of care between different socioeconomic populations in the

.S [ 2 , 52 ]. This poses challenges in the reduction of disparities in car-

iovascular outcomes in all populations. Reducing disparities may re-

uire interventions at the individual, healthcare organizational and pop-

lation level [ 2 , 53 ]. Population-level interventions may have more long-

erm and far-reaching impact than other interventions, but they are the

ost controversial. Further discussions are needed at the community,

tate and federal levels to develop sustainable interventions to address

he vast socioeconomic and associated cardiovascular disparities seen in

he U.S. population. 

.1. Limitations 

There are several limitations to this study. First, since MEPS relies

n participant self-report, there may be some recall bias: participants

ay not accurately recall their experiences and may underestimate their

VD history or misreport their use of services. Second, though our study

djusted for factors such as race/ethnicity, education level and insur-

nce status, these factors are heavily intertwined with income level in

haracterizing the concept of SES. Third, due to the observational de-

ign, we cannot establish causality between income and utilization of

VD risk preventive services. There may be residual confounding due

o other unmeasured social determinants of health or clinical comor-

idities. Fourth, low-income participants in MEPS were more likely to

e Black or Hispanic adults, uninsured and have a lower educational

ttainment level. There is a longstanding history of socioeconomic and

acial inequity in the U.S. [ 43 , 54 ]. We acknowledge that income sta-

us alone cannot account for all forms of socioeconomic disparity, and

n particular, may not account for structural discrimination and racism

hat is still prevalent in our society [43] . 

Notably, a greater share of VL-income participants was in the

oungest (18–39 years) age category. It is possible that younger peo-

le in general may be less concerned about health and less likely to visit

ith a provider, which could affect these results. However, we adjusted

or age in our analyses and in subgroup analyses restricting to only par-

icipants who had seen a provider within the past year, disparities still

ersisted. Additionally, we noted as well that even among middle and

igh income participants, when examining the unadjusted data, only

5–45% of people reported receiving CVD risk preventive services such

s smoking cessation counseling or having their BP checked. While this

ould suggest some degree of provider negligence and inertia, we also

elieve that recall bias likely affects some proportion of participants’

esponses. 

Moreover, it was notable that VL-income and low-income partici-

ants were more likely to live in the South, regardless of participants’

VD status. It is possible that participants in the South may experience

ower cost of living but comparably more expensive or worse access

o healthcare; it is also possible that participants in some regions may

ive in more rural regions than others, thus further impacting their dis-

ance to and access to health care resources. We attempted to account

or this by adjusting for region in our analyses, but acknowledge that

here may be residual confounding that we cannot adjust for due to lack

f more granular geographical information about MEPS participants.

inally, given the limitations of the data collection in MEPS, it is diffi-

ult to fully adjust for the regularity with which participants visit their

octor. It is possible that low-income populations are less likely to see

linicians and thus less likely to seek CVD risk preventive care services.

e attempted to account for this by performing a subgroup analysis

f only those who had seen a healthcare provider within the last 12

onths. While some findings were no longer statistically significant, re-

ults were mostly similar to the overall MEPS population, regardless of
8 
VD status. However, there may still have been additional variation in

isit adherence among different income groups. 

. Conclusions 

In this large, representative cross-sectional study of U.S. adults, we

ound that low- and VL-income adults were less likely to be screened

or CVD risk factors or receive counseling to prevent CVD than high-

ncome adults, regardless of CVD status. This places socioeconomically

isadvantaged populations at greater risk of having uncontrolled CVD

isk factors and subsequently developing new or worsening CVD. The

ossible reasons for these associations are likely complex and require

urther study. More work must be done to reduce disparities in access

o and utilization of CVD preventive care services among adults with

iffering SES. 
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