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BACKGROUND: Depression is a nontraditional risk factor for cardiovascular disease (CVD). Data on the association of depression 
and poor mental health with CVD and suboptimal cardiovascular health (CVH) among young adults are limited.

METHODS AND RESULTS: We used data from 593 616 young adults (aged 18– 49 years) from the 2017 to 2020 Behavioral Risk 
Factor Surveillance System, a nationally representative survey of noninstitutionalized US adults. Exposures were self- reported 
depression and poor mental health days (PMHDs; categorized as 0, 1– 13, and 14– 30 days of poor mental health in the past 
30 days). Outcomes were self- reported CVD (composite of myocardial infarction, angina, or stroke) and suboptimal CVH (≥2 
cardiovascular risk factors: hypertension, hypercholesterolemia, overweight/obesity, smoking, diabetes, physical inactivity, 
and inadequate fruit and vegetable intake). Using logistic regression, we investigated the association of depression and 
PMHDs with CVD and suboptimal CVH, adjusting for sociodemographic factors (and cardiovascular risk factors for the CVD 
outcome). Of the 593 616 participants (mean age, 34.7±9.0 years), the weighted prevalence of depression was 19.6% (95% CI, 
19.4– 19.8), and the weighted prevalence of CVD was 2.5% (95% CI, 2.4– 2.6). People with depression had higher odds of CVD 
than those without depression (odds ratio [OR], 2.32 [95% CI, 2.13– 2.51]). There was a graded association of PMHDs with 
CVD. Compared with individuals with 0 PMHDs, the odds of CVD in those with 1 to 13 PMHDs and 14 to 30 PHMDs were 1.48 
(95% CI, 1.34– 1.62) and 2.29 (95% CI, 2.08– 2.51), respectively, after adjusting for sociodemographic and cardiovascular risk 
factors. The associations did not differ significantly by sex or urban/rural status. Individuals with depression had higher odds 
of suboptimal CVH (OR, 1.79 [95% CI, 1.65– 1.95]) compared with those without depression, with a similar graded relationship 
between PMHDs and suboptimal CVH.

CONCLUSIONS: Depression and poor mental health are associated with premature CVD and suboptimal CVH among young 
adults. Although this association is likely bidirectional, prioritizing mental health may help reduce CVD risk and improve CVH 
in young adults.
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Cardiovascular disease (CVD) remains the leading 
cause of death among adults in the United States 
and globally.1,2 One of the targets of the global 

Sustainable Development Goals (target 3.4) is to reduce 
premature mortality from noncommunicable diseases, 
including CVD and cancer, by 30% and improve mental 
well- being worldwide by 2030.3 The concept of cardio-
vascular health (CVH) and metrics to monitor the goals 
were defined by the American Heart Association in 2010.4 
Until recently, the metrics to monitor CVH had been the 
“Life’s Simple 7,” which included 4 modifiable behaviors 
(body mass index [BMI], physical activity, smoking sta-
tus, and diet) and 3 biometric measures (blood pressure, 

total cholesterol, and fasting blood glucose).4 CVD and 
poor CVH are increasingly prevalent in young adults,5,6 
underscoring the importance of early- life risk factor 
modification, given the long time horizon over which 
young adults may accumulate risk burden. Improvement 
of CVH status would be expected to reduce the lifetime 
risk of CVD and CVD- related mortality.6– 9

Depression is an emerging nontraditional risk fac-
tor for CVD,10 and a leading cause of disability among 
young adults in the United States.11 Prior literature has 
established high comorbidity of depression and CVD, 
suggesting a bidirectional relationship between the 2 
factors.12– 14 However, data on the association of de-
pression with CVD and suboptimal CVH among US 
young adults are limited. Another important question 
is whether these associations vary between urban and 
rural settings, given that rapid urbanization is associ-
ated with erosion of some of the protective factors for 
depression, such as traditional social and family sup-
port and healthy behaviors.15,16

We sought to investigate the association of de-
pression with CVD and suboptimal CVH in a nationally 
representative sample of young adults in the United 
States and whether the association differed by sex and 
urban/rural status. We also further explored whether 
there is a dose response to the association by studying 
the burden of mental health episodes during a 30- day 
period.

METHODS
Data Source, Study Sample, and Study 
Design
In this cross- sectional analysis, we used data from 
the 2017 to 2020 Behavioral Risk Factor Surveillance 
System (BRFSS), a Centers for Disease Control and 
Prevention– sponsored, nationally representative sur-
vey of noninstitutionalized adults (aged ≥18 years) in 
the United States performed at the state level. The 
BRFSS is an annual telephone survey that assesses 
health- related risk behaviors, chronic health condi-
tions, and the use of preventive services among US 
adults in all 50 US states, the District of Columbia, and 
participating US territories.17 It uses iterative propor-
tional fitting weighting method (raking), which incorpo-
rates demographic variables, such as age, sex, race 
and ethnicity, education level, and marital status, to 
make the data nationally representative and to address 
nonresponse.18

In this current study, we used data from 593 616 
young adults, aged 18 to 49 years, who had complete 
data on CVD and depression (Figure  1). The over-
all median survey response rate was 45.1% in 2017, 
49.4% in 2018, 49.4% in 2019, and 47.9% in 2020.17 All 
data are deidentified and publicly available at BRFSS 

CLINICAL PERSPECTIVE

What Is New?
• In this cross- sectional study using a large na-

tionally representative sample with less po-
tential for selection bias, we investigated the 
association of depression and recent mental 
health (poor mental health days) with cardiovas-
cular disease (CVD) in young adults, and we ad-
ditionally excluded people with CVD and tested 
the association of depression and poor men-
tal health days with suboptimal cardiovascular 
health.

• Our findings showed depression and poor men-
tal health days were associated with CVD, and 
the association did not vary by sex or urban/
rural status.

• In people without CVD, depression and poor 
mental health days were associated with sub-
optimal cardiovascular health.

What Are the Clinical Implications?
• Although this association is likely bidirectional, 

our study implies that targeted interventions 
that improve mental health may be necessary in 
reducing CVD and improving overall cardiovas-
cular health in young adults.

• A multidisciplinary approach and collaborative 
and integrated care between health care pro-
fessionals, such as mental health physicians, 
psychologists, psychiatrists, nutritionists and 
addiction specialists, primary care physicians, 
and cardiologists, may be needed to better im-
prove mental health and reduce CVD risk.

Nonstandard Abbreviations and Acronyms

BRFSS Behavioral Risk Factor Surveillance 
System

CVH cardiovascular health
PMHD poor mental health day
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(https://www.cdc.gov/brfss/ annual_data/annual_data.
htm); therefore, this study was deemed exempt from 
review by an institutional review board. We followed the 
Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines in reporting our findings.19

Assessment of Depression and Poor 
Mental Health Days
Participants who responded “yes” to the question 
“Have you ever been told you have depressive disor-
der, including depression, major depression, dysthy-
mia, or minor depression?” were considered as having 
depression, whereas those who responded “no” were 
considered as not having depression. Poor mental 
health days (PMHDs), which is the average number 
of self- reported mentally unhealthy days in the past 
30 days, is one of the Centers for Disease Control and 
Prevention’s self- reported measures of health- related 
quality of life and a reliable estimate of a person’s re-
cent mental health.20,21 PMHDs were assessed in 
response to the question “Now thinking about your 
mental health, which includes stress, depression, and 
problems with emotions, for how many days during the 
past 30 days was your mental health not good?” and 
categorized as 0, 1 to 13, and 14 to 30 days.

Assessment of CVD
The presence of CVD was assessed by the questions 
“Have you ever been told you had heart attack, also 
called myocardial infarction?”; “Have you ever been told 

you had angina or coronary heart disease?”; and “Have 
you ever been told you had a stroke?” Participants who 
responded “yes” to any of these questions were con-
sidered as having CVD, whereas those who responded 
“no” were not considered as having CVD.

Assessment of Suboptimal CVH
CVH was determined using 7 cardiovascular risk fac-
tors: hypertension, hypercholesterolemia, overweight/
obesity, current smoking, diabetes, physical inactivity, 
and inadequate fruit and vegetable intake. Suboptimal 
CVH was defined as the presence of ≥2 of these 7 
cardiovascular risk factors, whereas optimal CVH was 
0 or 1 cardiovascular risk factor.

Although questions on smoking, diabetes, weight, 
and height (hence, BMI) were in all survey years, ques-
tions on hypertension, hypercholesterolemia, physical 
activity, and fruit/vegetable consumption were selec-
tively included in surveys of odd- numbered years (2017 
and 2019). Hypertension, hypercholesterolemia, dia-
betes, and current smoking were systematically ascer-
tained by participant self- report. Overweight/obesity 
was defined as a BMI of ≥25 kg/m2 for non- Asian re-
spondents and ≥23 kg/m2 for Asian respondents, per 
World Health Organization guidelines.22 Participants 
were considered physically inactive if they reported 
<150 minutes or the vigorous equivalent of physical 
activity per week, and consumption of <5 servings of 
fruits and vegetables was considered as inadequate 
fruit and vegetable intake.

Figure 1. Flowchart of the analytical sample.
BRFSS indicates Behavioral Risk Factor Surveillance System; and CVD, cardiovascular disease.
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Other Covariates
Other covariates included self- reported sociode-
mographic characteristics, such as age, sex (men/
women), race and ethnicity (non- Hispanic White, non- 
Hispanic Black, Hispanic, American Indian/Alaskan 
native, Asian, multiracial, and other), education level 
(<high school, high school/some college, or ≥college 
graduate), employment status (employed, unemployed, 
student, or retired), health care coverage (no health in-
surance plan or some health insurance plan), marital 
status (married, divorced, widowed, never married, or 
member of an unmarried couple), urban/rural status 
(urban/rural), and income level. Annual family income 
was adjusted using federal poverty guidelines for each 
state and categorized as follows: <100%, within 100% 
to 200%, or >200% of the federal poverty line.23

Statistical Analysis
Sociodemographic characteristics and cardiovascu-
lar risk factors of survey participants were described 
by CVD status. Actual numbers of participants and 
weighted percentages were reported. The weighted 
prevalence rates of CVD, depression, and PMHDs 
were estimated. Using multivariable logistic regres-
sion, we investigated the association of depression 
and PMHDs with CVD using data pooled from 2017 
to 2020. Model 1 was adjusted for sociodemographic 
factors: age, sex, race and ethnicity, education, em-
ployment, income, marital status, and health care 
coverage. Model 2 was additionally adjusted for cardi-
ovascular risk factors, such as cigarette smoking, BMI, 
and diabetes. Using data from 2017 and 2019 only, we 
further adjusted for hypertension and hypercholester-
olemia in a sensitivity analysis. We additionally tested 
the interaction of sex and urban/rural status with the 
exposure of interest (depression or PMHDs) and CVD.

In addition, among participants without CVD, we in-
vestigated the association of depression and PMHDs 
with suboptimal CVH using multivariable logistic re-
gression and using data from 2017 and 2019 only 
(years with complete data on all 7 CVH metrics).

The survey command “svy” was used to account 
for the complex method of BRFSS. All analyses were 
conducted with Stata Version 16 (StataCorp, College 
Station, TX), and a 2- sided α level of <0.05 was used 
to determine statistical significance.

RESULTS
Of the 593 616 participants (mean age, 34.7±9.0 years), 
the weighted proportion of women was 49.7%; non- 
Hispanic White race and ethnicity, 54.1%; and college 
graduate, 28.4%. Most participants had some form of 
health insurance (82.5%) and annual income >200% 
of the federal poverty line (65.1%) (Table 1). Overall, 

the weighted prevalence of depression was 19.6% 
(95% CI, 19.4– 19.8). A total of 55.7% of respond-
ents (95% CI, 55.5– 55.9) reported 0 PMHDs in the 
past 30- days, whereas 29.2% (95% CI, 29.0– 29.4) 
and 15.1% (95% CI,14.9– 15.3) reported 1 to 13 and 
≥14 days of poor mental health in the past 30 days, 
respectively.

Characteristics of Participants by CVD 
Status
The overall weighted prevalence of CVD was 2.5% 
(95% CI, 2.4– 2.6). Individuals with CVD, compared 
with those without CVD, were more likely to be older 
(aged>44 years: 29.0% versus 12.9%; P<0.001), non- 
Hispanic Black race and ethnicity (16.9% versus 
12.6%; P<0.001), and uninsured (20.3% versus 17.4%; 
P<0.001) (Table 1). Those with CVD had a greater pro-
portion of current smokers (33.3% versus 16.4%), over-
weight/obesity (73.3% versus 61.9%), diabetes (18.4% 
versus 3.6%), depression (43.6% versus 19.0%), hy-
pertension (51.0% versus 15.3%), and hypercholester-
olemia (43.7% versus 16.0%) (all P<0.001), compared 
with people without CVD. The description of the study 
population by CVH is shown in Table S1.

State- Level Prevalence of CVD and 
Depression
State- level prevalence rates of depression and CVD 
are presented in Figures 2 and 3, respectively. There 
was high prevalence of both depression and CVD in 
West Virginia (depression: 29.74%; CVD: 4.71%). Hawaii 
had the lowest prevalence of depression (13.07%) and 
CVD (1.07%). There was a positive correlation between 
prevalent depression and CVD (correlation coefficient 
r=0.22).

Association of Depression and PMHDs 
With CVD
Individuals with depression had higher odds of preva-
lent CVD than those without depression, after adjusting 
for sociodemographic characteristics (odds ratio [OR], 
2.69 [95% CI, 2.49– 2.90]) and after further adjusting 
for diabetes, smoking, and BMI (OR, 2.32 [95% CI, 
2.13– 2.51]) (Table 2). When additionally adjusted for hy-
pertension and hypercholesterolemia, using data from 
only 2017 and 2019, the association only modestly 
attenuated (OR, 1.92 [95% CI, 1.71– 2.16]) (Table  S2). 
In addition, there was a positive graded association 
between PMHDs and CVD. Compared with partici-
pants with 0 PMHDs, participants with 1 to 13 days 
had 1.5- fold odds of CVD (adjusted OR [aOR], 1.48 
[95% CI, 1.34– 1.62]), whereas participants with 14 to 
30 days had even higher odds of CVD (aOR, 2.29 [95% 
CI, 2.08– 2.51]) after adjustment for sociodemographic 
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Table 1. Characteristics of Study Participants, Stratified by CVD Status, BRFSS (2017– 2020)

Characteristic Overall (n=593 616)* No CVD (n=577 343)* CVD (n=16 273)* P value

Age, y

18– 24 101 696 (23.3) 100 695 (23.7) 1001 (9.3) <0.001†

25– 29 85 458 (15.3) 84 355 (15.5) 1103 (8.8) <0.001†

30– 34 94 589 (17.7) 92 799 (17.8) 1790 (13.1) <0.001†

35– 39 101 617 (15.1) 99 007 (15.1) 2610 (15.4) <0.001†

40– 44 99 917 (15.3) 96 119 (15.0) 3798 (24.4) <0.001†

45– 49 110 339 (13.3) 104 368 (12.9) 5971 (29.0) <0.001†

Sex 0.57†

Men 288 809 (50.3) 280 898 (50.3) 7911 (50.7)

Women 304 471 (49.7) 296 123 (49.7) 8348 (49.3)

Race and ethnicity

Non- Hispanic White 383 093 (54.1) 373 564 (54.2) 9529 (50.0) <0.001†

Non- Hispanic Black 52 586 (12.7) 50 650 (12.6) 1936 (16.9) <0.001†

American Indian/Alaskan native 16 561 (1.3) 15 746 (1.2) 815 (2.6) <0.001†

Asian 22 951 (7.1) 22 638 (7.2) 313 (3.2) <0.001†

Hispanic 88 063 (22.7) 85 518 (22.7) 2545 (24.5) 0.003†

Other 4209 (0.5) 4036 (0.5) 173 (0.7) <0.001†

Multiracial 17 006 (1.6) 16 340 (1.6) 666 (2.1) <0.001†

Education level

<High school 41 637 (12.3) 39 269 (11.9) 2368 (23.9) <0.001†

High school/some college 321 895 (59.3) 311 817 (59.3) 10 078 (60.1) <0.001†

College graduate 228 560 (28.4) 224 781 (28.8) 3779 (16.0) <0.001†

Employment status

Employed 436 408 (71.0) 428 036 (71.4) 8372 (52.7) <0.001†

Unemployed 103 018 (18.3) 96 047 (17.7) 6971 (42.1) <0.001†

Student 43 049 (10.3) 42 650 (10.5) 399 (3.3) <0.001†

Retired 2445 (0.4) 2155 (0.4) 290 (1.9) <0.001†

Marital status

Married 274 882 (42.7) 268 353 (42.7) 6529 (40.3) <0.001†

Divorced 67 629 (9.6) 63 607 (9.3) 4022 (21.3) <0.001†

Widowed 4519 (0.6) 4136 (0.6) 383 (2.2) <0.001†

Never married 201 610 (39.5) 197 413 (39.8) 4197 (29.0) <0.001†

Member of an unmarried couple 41 433 (7.6) 40 383 (7.6) 1050 (7.2) 0.007†

Health care coverage <0.001

No health insurance plan 86 228 (17.5) 83 392 (17.4) 2836 (20.3)

Some health insurance plan 503 613 (82.5) 490 249 (82.6) 13 364 (79.8)

Annual family income

Below federal poverty line 82 109 (16.5) 77 491 (16.1) 4618 (30.6) <0.001†

Within 100%– 200% of poverty 
line

104 506 (18.4) 100 871 (18.4) 3635 (22.4) <0.001†

At >200% of the poverty line 374 229 (65.1) 367 119 (65.5) 7110 (47.0) <0.001†

Urban/rural status <0.001†

Urban 377 262 (94.4) 367 425 (94.5) 9837 (92.3)

Rural 52 677 (5.6) 50 844 (5.5) 1833 (7.7)

Diabetes <0.001†

No 566 810 (96.1) 553 798 (96.4) 13 012 (81.6)

Yes 26 083 (3.9) 22 871 (3.6) 3212 (18.4)

 (Continued)
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factors, diabetes, BMI, and smoking (Table  2), with 
similar associations observed after further adjustment 
for hypertension and hypercholesterolemia (Table S2).

There was no significant interaction between de-
pression and sex (P for interaction=0.13) or urban/

rural status (P for interaction=0.26) on the associa-
tion of depression with CVD. Similarly, there was no 
significant interaction between categories of PMHDs 
and sex (P for interaction 0– 13 PMHDs: 0.35; 14– 30 
PMHDs: 0.88) or urban/rural status (P for interaction 

Characteristic Overall (n=593 616)* No CVD (n=577 343)* CVD (n=16 273)* P value

Smoking status

Never smoked 364 060 (66.7) 357 411 (67.2) 6649 (45.2) <0.001†

Former smoker 101 438 (16.5) 98 002 (16.3) 3436 (21.5) <0.001†

Current smoker 99 998 (16.9) 94 557 (16.4) 5441 (33.3) <0.001†

Overweight/obese <0.001†

No 192 840 (37.8) 188 983 (38.1) 3857 (26.7)

Yes 345 372 (62.2) 334 412 (61.9) 10 960 (73.3)

Depression <0.001†

No 465 934 (80.4) 457 169 (81.0) 8765 (56.4)

Yes 127 682 (19.6) 120 174 (19.0) 7508 (43.6)

Hypercholesterolemia‡ <0.001†

No 210 711 (83.3) 206 681 (84.0) 4030 (56.3)

Yes 44 652 (16.7) 41 337 (16.0) 3315 (43.7)

Hypertension‡ <0.001†

No 242 540 (83.9) 238 815 (84.7) 3725 (49.0)

Yes 52 704 (16.1) 48 430 (15.3) 4274 (51.0)

Data are given as number (weighted percentage). BRFSS indicates Behavioral Risk Factor Surveillance System; and CVD, cardiovascular disease.
*The numbers represent actual number of participants. All percentages are weighted to reflect final survey weights.
†P<0.05, which is significant.
‡Data available for only 2017 and 2019.

Table 1. (Continued)

Figure 2. Heat map showing prevalence of depression among young US adults: Behavioral Risk Factor Surveillance System 
2017 to 2020.
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0– 13 PMHDs: 0.62; 14– 30 PMHDs: 0.89). Estimates of 
the association of depression and PMHDs with CVD 
stratified by sex and urban/rural status are presented 
in Tables S3 and S4.

Association of Depression and PMHDs 
With Suboptimal CVH Among Participants 
Without CVD
Among those without prevalent CVD, 79.8% had sub-
optimal CVH. Depression was associated with higher 
odds of suboptimal CVH after adjusting for age, sex, 
race and ethnicity, education, employment, income, 
marital status, and health coverage (OR, 1.76 [95% CI, 

1.65– 1.87]) (Table 3). Similarly, PMHDs were associated 
with suboptimal CVH in a graded manner. Compared 
with participants with 0 days of poor mental health, par-
ticipants with 1 to 13 days had 1.2 times higher odds of 
suboptimal CVH (aOR, 1.23 [95% CI, 1.17– 1.29]), and 
those with 14 to 30 days had 1.8 times higher odds of 
suboptimal CVH (aOR, 1.79 [95% CI, 1.65– 1.95]).

DISCUSSION
In this cross- sectional analysis of a nationally repre-
sentative sample of young adults, depression and 
PMHDs were independently associated with CVD, with 

Figure 3. Heat map showing prevalence of cardiovascular disease among young US adults: Behavioral Risk Factor 
Surveillance System 2017 to 2020.

Table 2. Association of Depression and Poor Mental Health With CVD Outcomes, BRFSS (2017– 2020)

Variable
No. (%) of 
respondents

Weighted prevalence 
of CVD (95% CI)

Model 1 Model 2 Model 3

OR (95% CI) OR (95% CI) OR (95% CI)

Depression

No 465 934 (80.4) 1.8 (1.7– 1.9) Reference Reference Reference

Yes 127 682 (19.6) 5.6 (5.4– 5.9) 3.29 (3.09– 3.51) 2.69 (2.49– 2.90) 2.32 (2.13– 2.51)

Poor mental health days

0 322 733 (55.7) 1.8 (1.7– 1.9) Reference Reference Reference

1– 13 174 374 (29.2) 2.3 (2.2– 2.5) 1.30 (1.20– 1.42) 1.59 (1.46– 1.75) 1.48 (1.34– 1.62)

14– 30 88 491 (15.1) 5.5 (5.2– 5.8) 3.19 (2.96– 3.43) 2.71 (2.49– 2.96) 2.29 (2.08– 2.51)

Model 1: crude. Model 2: adjusted for age, sex, race, education, employment, income, marital status, and health care coverage. Model 3: model 2+combustible 
cigarette smoking, body mass index, and diabetes. BRFSS indicates Behavioral Risk Factor Surveillance System; CVD, cardiovascular disease; and OR, odds 
ratio.
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no significant interaction by sex or urban/rural status. 
In addition, among people with no CVD, depression 
and PMHDs were independently associated with sub-
optimal CVH, with a dose- response relationship.

Self- report of depression was highly prevalent in 
our study, with ≈1 in 5 young adults reporting depres-
sion, 2- fold higher than the national prevalence of at 
least 1 major depressive disorder of 8.4% in all US 
adults in 202024 but similar to recent prevalence es-
timates in young US adults.24,25 Furthermore, during 
the COVID- 19 pandemic, the percentage of US adults 
who experienced depression or anxiety jumped from 
36.4% to 41.5%, with the highest spike among people 
aged 18 to 29 years, according to Centers for Disease 
Control and Prevention data,26 highlighting the need to 
develop targeted interventions to address the burden 
of poor mental health in young adults to reduce the 
depression- associated health risks.27

Our finding of higher odds of CVD in participants 
with depression is consistent with prior studies in other 
geographic locations. In a pooled cohort from >30 
countries, Harshfield et al found baseline depression 
symptoms to be associated with incidence of CVD 
among an older population (mean age, 63±9 years).13 In 
a multicenter study focusing on low-  and middle- income 
countries, having ≥4 depressive symptoms in patients 
without a history of CVD was associated with 14% in-
creased risk of incident CVD and all- cause mortality.14 
A recent study among individuals of European ances-
try showed depression frequency was associated with 
incident coronary artery disease, type 2 diabetes, and 
atrial fibrillation.28 In the United States, a smaller single- 
center study of 882 participants found moderate to se-
vere depression to be associated with low (worse) CVH 
score,29 whereas similar findings were reported in mod-
erate sized population- based studies.30,31 Our study ex-
plores the association of depression and PMHDs, which 
represent recent and active mental health conditions, 
with CVD in a larger population of US young adults, with 

subanalyses by sex and urban/rural status; it also as-
sesses the association of depression and PMHDs, with 
suboptimal CVH, in people without CVD.

The relationship between CVD and depression has 
been regarded as bidirectional. There is evidence that 
depression is an independent risk factor for CVD.12,13,32 
The increased odds of CVD in people with depres-
sion may stem from the unhealthy lifestyle that may 
be associated with depression, such as sedentary 
behavior,33,34 unhealthy eating,35,36 and smoking.37– 39 
There are multiple physiological pathways, such as 
abnormalities in glucose and lipid homeostasis and 
coagulation cascade abnormalities related to chronic 
stress, by which psychological health and well- being 
may influence CVH and CVD risk.40– 42 Other possible 
mechanisms that may explain the association of de-
pression with CVD include the neurohormonal imbal-
ances and overactivation of the sympathoadrenal and 
hypothalamic- pituitary- adrenal axis that have been 
demonstrated among people with depression.12,43

It is important to recognize that CVD can also 
lead to depression. Indeed, several studies have re-
ported higher rates of depression among people with 
CVD.44– 47 A rate of 15% of major depressive disorder 
has been reported in patients after myocardial infarc-
tion or coronary artery bypass grafting,44 and this 
rate is >20% in patients with heart failure and is much 
higher in advanced heart failure.45 In another study, 
poststroke depression was seen in 5% of patients 
within 3 years after ischemic stroke diagnosis, and a 
higher 3- year mortality was observed in patients with 
poststroke depression.48

Our findings showed no sex differences in the asso-
ciation of depression with CVD, contrary to the findings 
of some prior studies in which stronger associations 
between depression and incident CVD, CVD mortal-
ity, and all- cause mortality were found in men.49,50 Men 
tend to underreport poor mental health and are also 
less likely to seek treatment,51– 53 which may contribute 

Table 3. Association of Depression and Poor Mental Health With Suboptimal CVH, Among Participants With No CVD, 
BRFSS (2017 and 2019)

Among participants with no CVD

Variable No. (weighted %) of respondents
Weighted prevalence of suboptimal CVH 
(95% CI)

Model 1 Model 2

OR (95% CI) OR (95% CI)

Depression

No 150 682 (80.2) 77.96 (77.56– 78.36) Reference Reference

Yes 41 537 (19.8) 84.77 (84.15– 85.38) 1.57 (1.49– 1.66) 1.77 (1.67– 1.88)

Poor mental health days

0 104 413 (54.8) 78.59 (78.11– 79.07) Reference Reference

1– 13 59 668 (31.0) 77.92 (77.31– 78.52) 0.96 (0.92– 1.01) 1.23 (1.17– 1.29)

14– 30 26 468 (14.2) 85.01 (84.15– 85.83) 1.54 (1.43– 1.66) 1.82 (1.68– 1.98)

Model 1: crude. Model 2: adjusted for age, sex, race, education, employment, income, marital status, and health care coverage. Suboptimal CVH health: ≥2 
cardiovascular risk factors. BRFSS indicates Behavioral Risk Factor Surveillance System; CVD, cardiovascular disease; CVH, cardiovascular health; and OR, 
odds ratio.
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to the apparent increase in risk. Other studies have 
also shown stronger association of depression and 
incident coronary artery disease among women,28 
demonstrating that sex differences in this association 
are highly heterogeneous across the literature.

Studies on urbanization and risk of depression have 
been inconsistent in different geographic locations. 
Although some studies suggest an increased risk of 
depression in individuals residing in urban areas, some 
have found a protective or a null association.18,54,55 
Evidence from a meta- analysis showed higher odds of 
depression in urban areas compared with rural areas 
in developed countries, with a pooled OR of 1.44.18 
Factors, such as unhealthy diets, reduced physical ac-
tivity, stress, unsafe neighborhoods and isolation, lack 
of social support, and lack of green spaces, in urban 
areas may be contributory.19,56 In this study, however, 
the association of mental health and CVD did not vary 
by urban/rural status. Last, studies have found that 
depression, stress, and anxiety, attributable to dispari-
ties in social determinants of health, adverse childhood 
experiences, general trauma, and structural racism, 
could place certain populations and racial and ethnic 
underrepresented groups at a higher risk of CVD and 
poor mental health.57,58 Future research should focus 
on addressing the role of social determinants of health 
and health disparities in improving the intersection be-
tween mental health and health outcomes.

Our findings have several important clinical and 
public health implications. Our study highlights the 
need for clinicians to recognize the risk of CVD in pa-
tients with depression and poor mental health. Given 
the increased odds of CVD among patients with de-
pression, it may be necessary to enhance screening for 
depression and evaluation of mental health in general, 
as an additional screening tool in evaluating CVH and 
monitoring for CVD. Among people without a clinical 
diagnosis of depression, a unique group that is likely 
captured by our assessment of PMHDs, improvement 
in their mental health may likely be beneficial for CVD 
prevention. At least, Screening of individuals who have 
had a major cardiovascular event for mental health 
conditions and emotional and psychological well- 
being, and communicating with close family members 
and friends, can prove to be beneficial. Mental health 
screening among those with established CVD may be 
important to optimize secondary prevention.

Targeted interventions that improve mental health 
and reduce mood disorders may be necessary in re-
ducing CVD and improving overall CVH. Cardiac rehabil-
itation programs often incorporate stress reduction and 
mindfulness, but mental health could be more strongly 
integrated, particularly for those with mental health 
conditions. Interventions to address mood disorders in 
young adults should consider targeting CVH, such as 
physical activity,59 weight management, and smoking 

cessation. Although lifestyle changes may be partic-
ularly challenging in patients with depression, a multi-
disciplinary approach and collaborative and integrated 
care between health care professionals, such as mental 
health physicians, psychologists, psychiatrists, nutrition-
ists and addiction specialists, primary care physicians, 
and cardiologists, may be needed to better improve 
mental health and reduce CVD risk. Future research 
should focus on incorporating a validated screening tool 
in the Life’s Essential 8 metrics for appropriate screening 
and interventions in a patient- centered approach. Last, 
these data are reflective of the pre– COVID- 19 world, and 
future studies are encouraged to explore these associa-
tions in the post– COVID- 19 period.

STUDY STRENGTHS
The BRFSS is a nationally representative sample 
with less potential for selection bias. Using data from 
4 years provided a large sample size to assess not only 
depression but recent mental health (PMHDs) with 
CVD. We additionally excluded people with CVD and 
tested the association of depression and PMHDs with 
suboptimal CVH.

STUDY LIMITATIONS
Our study has several limitations. First, the BRFSS is 
based on self- reported data, and there is a potential for 
recall bias and misclassification. Standard question-
naires, such as Patient Health Questionnaire- 8 and the 
General Anxiety Disorder Scales, are not used herein. 
Second, CVD and cardiovascular risk factors may be 
underreported in people with low literacy and because 
of social desirability and underdiagnosed in people 
who do not have access to health care. Also, arrhyth-
mias, heart failure, and peripheral vascular disease 
were not included in our definition of CVD because of 
unavailability of data and, thus, the prevalence of CVD 
may be underestimated. Although the recently revised 
components of CVH (Life’s Essential 8) include sleep, 
we were unable to include sleep in our definition of 
CVH because the BRFSS did not have data available 
on sleep in the survey years in which the other 7 CVH 
metrics were assessed. Nevertheless, Life’s Simple 7 
and Life’s Essential 8 are highly correlated (>0.8). In 
addition, information on antidepressants was not avail-
able and so could not be adjusted for in the analysis. 
Furthermore, information on hypertension and hyper-
cholesterolemia is only asked biennially and, therefore, 
could only be assessed over odd- numbered years. 
Last, because our study is observational and cross- 
sectional, we cannot infer causality or determine the 
directionality of the association, although our findings 
are biologically plausible. We, therefore, encourage 
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future longitudinal studies to explore these associa-
tions using standard questionnaires for assessment of 
depression and ascertainment of CVD.

CONCLUSIONS
In this large, nationally representative sample of young 
adults in the United States, we found that depression 
and PMHDs were independently associated with prema-
ture CVD and suboptimal CVH. Although this associa-
tion is likely bidirectional, prioritizing mental health may 
help reduce CVD risk and improve CVH in young adults. 
Achieving the CVH- related Sustainable Development 
Goals may necessitate the awareness of the physical 
health risks associated with depression and the prioriti-
zation of an integrated and comprehensive approach to 
tackling CVD and mental health disorders. In addition, 
broader public policies should promote mental well- 
being and healthy behaviors as part of a comprehensive 
strategy to reduce CVD burden among young adults.
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Table S1. Characteristics of Study Participants Stratified by Cardiovascular Health Status, 
Behavioral Risk Factor Surveillance System (2017, 2019) 
 

 
Characteristics 

Overall  
n*=198,680 (weighted %) 

Optimal CVH 
 n=39,391 (weighted %) 

Suboptimal CVH 
n =159,289 (weighted %) 

p-
value 

Age  
18-24 
25-29 
30-34 
35-39 
40-44 
45-49 

 
29,383 (21.0) 
25,958 (14.1) 
30,632 (17.3) 
34,821 (15.9) 
35,710 (16.4) 
42,176 (15.3) 

 
8,958 (32.1) 
5,588 (14.9) 
5,938 (16.4) 
6,420 (13.7) 
6,109 (12.5) 
6,378 (10.4) 

 
20,425 (18.2) 
20,370 (13.9) 
24,694 (17.6) 
28,401 (16.4) 
29,601 (17.4) 
35,798 (15.5) 

<0.001 

Sex 
Male 
Female 

 
96,582 (49.2) 
102.090 (50.8) 

 
15,252 (41.3) 
24,138 (58.7) 

 
81,330 (53.2) 
77,952 (46.8) 

<0.001 

Race/ethnicity 
non-Hispanic White 
 non-Hispanic Black  
American Indian/Alaskan Native 
Asian 
Hispanic 
Other 
Multi-racial 

 
135,048 (56.7) 
17,144 (12.2) 
5,233 (1.2) 
7,210 (7.1) 
27,092 (20.8) 
1,143 (0.4) 
5,810 (1.6) 

 
28,806 (62.0) 
2,499 (9.5) 
796 (1.1) 
1,489 (7.9) 
4413(17.4) 
236 (0.4) 
1,152 (1.7) 

 
106,242 (55.4) 
14,645 (12.9) 
4,437 (1.2) 
5,721 (6.8) 
22,679 (21.7) 
907 (0.4) 
4,658 (1.6) 

<0.001 

Education level 
<high school 
 High school/some college,  
≥College graduate 

 
10,591(9.9) 
103,509(58.5) 
84,383 (31.6) 

 
1,026 (5.5) 
17,174 (54.7) 
21,148 (39.8) 

 
9,565 (11.1) 
86,335 (59.4) 
63,235 (29.5) 

<0.001 

Employment status  
Employed 
Unemployed 
Student 
Retired 

 
150,838 (72.9) 
32,253 (16.6) 
13,619 (10.1) 
830 (0.4) 

 
29,340 (69.5) 
5,182 (13.1) 
4,523 (17.2) 
110 (0.2) 

 
121,498 (73.8) 
27,071 (17.5) 
9,096 (8.3) 
720 (0.4) 

<0.001 

Marital status  
Married 
Divorced 
Widowed  
Never married 
Member of an unmarried couple 

 
98,502 (45.4) 
23,746 (9.9) 
1,515 (0.6) 
61,699 (37.0) 
12,621 (7.1) 

 
19,807 (42.9) 
3,148 (6.5) 
202 (0.4) 
13,723 (43.7) 
2,392 (6.5) 

 
78,695 (46.0) 
20,598 (10.8) 
1,313 (0.6) 
47,976 (35.4) 
10,229 (7.2) 

<0.001 

Healthcare coverage  
No plan 
Some form of plan 

 
23,317 (14.1) 
174,504 (85.9) 

 
3,596 (11.5) 
35,562 (88.5) 

 
19,721 (14.7) 
138,942 (85.3) 

<0.001 

Annual family income 
< 100 federal poverty line,  
Within 100-200% poverty line,  
>200%  federal poverty line 

 
25,032 (16.0) 
33,976 (18.7) 
121,965 (65.3) 

 
3,445 (11.9) 
5,440 (15.7) 
26,877 (72.4) 

 
21,587 (17.0) 
28,536 (19.5) 
95,088 (63.5) 

<0.001 

Depression 
No 
Yes 

 
154,101 (79.5) 
44,579 (20.5) 

 
33, 218 (85.2) 
6,173 (14.8) 

 
120,883 (78.0) 
38,406 (22.0) 

<0.001 

CVH-cardiovascular health , *The numbers represent actual number of participants. All percentages are weighted to reflect final 
survey weights.  p-value <0.05 -significant 
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Table S2. Association of Depression and Poor Mental Health with CVD outcomes, Behavioral Risk 
Factor Surveillance System (2017, 2019), additionally adjusting for hypertension and 
hypercholesterolemia 
   

 Number of respondents OR [95% CI] 
Depression   
No 232,136 Ref 
Yes 63,836 1.92 [1.71 – 2.16] 
Poor Mental Health Days   
0 161,767 Ref 
1-13 86,993 1.30 [1.13 – 1.49] 
14-30  43,270 1.98 [1.73 – 2.26] 
Model adjusted for age, sex, race, education, employment, income, marital status, healthcare coverage, combustible 
cigarette smoking, body mass index, diabetes,  hypertension, and hypercholesterolemia 

CVD-cardiovascular disease, OR-odds ratio, CI- confidence interval 
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Table S3. Association of Depression and Poor Mental Health with CVD outcomes, Stratified by Sex, 
Behavioral Risk Factor Surveillance System (2017 – 2020) 

 Male Female 
Model 1 

OR [95% CI] 
Model 2 

OR [95%CI] 
Model 1 

OR [95% CI] 
Model 2 

OR {95% CI] 
Depression     
No Ref Ref Ref Ref 
Yes 2.80 [2.53 – 3.11] 2.40 [2.15 – 2.68] 2.57 [2.30 – 2.87]  2.20 [1.95 – 2.48] 
Poor Mental Health Days     
0 Ref Ref Ref Ref 
1-13 1.65 [1.47 – 1.87] 1.57 [1.38 – 1.79] 1.53 [1.34– 1.76] 1.39 [1.21 – 1.60] 
14-30  2.56 [2.26 – 2.90] 2.25 [1.97 – 2.58] 2.80 [2.47 – 3.18] 2.31 [2.03 – 2.63] 
Model 1: adjusted for age, race, education, employment, income, marital status, and healthcare coverage 
 
Model 2: Model 1 + combustible cigarette smoking, body mass index and diabetes,  
 
Interaction by sex not significant 

CVD-cardiovascular disease, OR-odds ratio, CI- confidence interval 
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Table S4. Association of Depression and Poor Mental Health with CVD outcomes, Stratified by 
Urban/Rural Status, Behavioral Risk Factor Surveillance System (2017 – 2020)  
 

 Urban Rural 
 Model 1 

OR [95% CI] 
Model 2 

OR [95% CI] 
Model 1 

OR [95%CI] 
Model 2 

OR[95% CI] 

Depression     
No Ref Ref   
Yes 2.69 [2.45– 2.95] 2.32 [2.10 – 2.56] 2.36 [1.89-2.96] 2.03 [1.60-2.59] 
Poor Mental Health Days     
0 Ref Ref   
1-13 1.63 [1.46– 1.82] 1.50 [1.34 – 1.68]      1.78 [1.23-2.57] 1.72 [1.16-2.54] 
14-30  2.72 [2.44 – 3.03] 2.26 [2.01– 2.54] 2.87 [2.22-3.70] 2.50 [1.91-3.27] 
Model 1: adjusted for age, sex, race, education, employment, income, marital status, and healthcare coverage 
 
Model 2: Model 1 + combustible cigarette smoking, body mass index and diabetes 
 
Interaction by urban/rural status not significant 
 

CVD-cardiovascular disease, OR-odds ratio, CI- confidence interval 
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