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ORIGINAL RESEARCH

Depressive Symptoms and Incident Heart   
Failure in the Jackson Heart Study: Differential   
Risk Among Black Men and Women
Allison E. Gaffey , PhD; Casey E. Cavanagh , PhD; Lindsey Rosman , PhD; Kaicheng Wang , MD, MPH; 
Yanhong Deng , MPH; Mario Sims , PhD; Emily C. O’Brien, PhD; Alanna M. Chamberlain , PhD;   
Robert J. Mentz , MD; LáShauntá M. Glover , MS; Matthew M. Burg , PhD

BACKGROUND: Associations between depression, incident heart failure (HF), and mortality are well documented in predomi-
nately White samples. Yet, there are sparse data from racial minorities, including those who are women, and depression is 
underrecognized and undertreated in the Black population. Thus, we examined associations between baseline depressive 
symptoms, incident HF, and all-cause mortality across 10 years.

METHODS AND RESULTS: We included Jackson Heart Study (JHS) participants with no history of HF at baseline (n=2651; 63.9% 
women; median age, 53 years). Cox proportional hazards models tested if the risk of incident HF or mortality differed by clini-
cally significant depressive symptoms at baseline (Center for Epidemiological Studies–Depression scores ≥16 versus <16). 
Models were conducted in the full sample and by sex, with hierarchical adjustment for demographics, HF risk factors, and life-
style factors. Overall, 538 adults (20.3%) reported high depressive symptoms (71.0% were women), and there were 181 cases 
of HF (cumulative incidence, 0.06%). In the unadjusted model, individuals with high depressive symptoms had a 43% greater 
risk of HF (P=0.035). The association remained with demographic and HF risk factors but was attenuated by lifestyle factors. 
All-cause mortality was similar regardless of depressive symptoms. By sex, the unadjusted association between depressive 
symptoms and HF remained for women only (P=0.039). The fully adjusted model showed a 53% greater risk of HF for women 
with high depressive symptoms (P=0.043).

CONCLUSIONS: Among Black adults, there were sex-specific associations between depressive symptoms and incident HF, with 
greater risk among women. Sex-specific management of depression may be needed to improve cardiovascular outcomes.

Key Words: depression ■ heart failure ■ lifestyle ■ race ■ women

Heart failure (HF) affects an estimated 6  million 
people in the United States and is expected to 
increase in prevalence in the coming decade due 

to an aging population and an increase in risk factors 
for cardiovascular disease (CVD).1 Black adults are 
more likely to develop HF compared with other racial 
or ethnic groups,2 show a higher disease prevalence 
and incidence than patients who are White or Hispanic 
ethnicity,1,3 and have a 50% greater likelihood of HF-
related hospitalization than White, Hispanic, and Asian 
patients.4

Depression, another prevalent condition, may be an 
important risk factor for incident HF and related mor-
tality.5 Among patients with HF, elevated depressive 
symptoms are associated with greater functional im-
pairment and symptom burden, poor self-care, worse 
quality of life, hospitalization, and death.6,7 Black pa-
tients, in particular, are less likely to be diagnosed with 
a major depressive disorder or to receive treatment 
for depression, report higher levels of psychological 
distress, and experience greater functional impair-
ment that is attributable to depression, compared with 
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White patients.8,9 These data raise important questions 
about how depression leads to incident HF and pos-
sibly worse health outcomes in Black patients, and 
whether comorbid conditions, such as diabetes and 
hypertension, may affect this relationship.

Associations between depressive symptoms, HF 
risk factors and symptoms, and related mortality also 
often differ by sex.10,11 For example, women with HF 
are more likely to be depressed than men,12 and de-
pression has a greater impact on quality of life among 
women with HF.13 These sex differences may be more 

profound among adults who are Black,8,14 as Black 
women show worse symptoms of depression than 
Black men and have up to a 2-fold higher risk of lifetime 
major depression.9,14 Significant associations between 
depression and incident CVD have already been de-
scribed among Black women compared with men.15–17 
Understanding if there are sex-specific variations in the 
effect of depressive symptoms on incident HF among 
Black adults may have important implications for the 
primary prevention of HF in this vulnerable population.

The availability of long-term follow-up data in the 
JHS (Jackson Heart Study) provided an opportunity 
to examine the prospective associations between clin-
ically significant depressive symptoms, incident HF, 
and all-cause mortality in a large, community-based 
cohort of Black men and women. We hypothesized 
that high baseline symptoms of depression would be 
associated with an increased risk of HF and all-cause 
mortality over 10 years. We also investigated the hy-
pothesis that there are sex-specific effects of depres-
sive symptoms on incident HF risk.

METHODS
Data Sources
The JHS is a single-site, community-based cohort 
study of CVD risk among Black adults. JHS data and 
study materials are available to other investigators for 
the purposes of reproducing the results or replicating 
these analyses by following the JHS publications, pro-
cedures, and data use agreements.18 The original study 
cohort included individuals residing in the Jackson, 
MS, metropolitan area, and was designed to investi-
gate risk factors for CVD. The cohort was composed 
of individuals aged 21 to 95 years, who were recruited 
from 4 groups: a random community sample of vol-
unteers (30%), a commercially available list (Accudata 
Integrated Marketing) to aid random selection among 
Jackson residents (17%), participants in the Jackson 
site of the ARIC (Atherosclerosis Risk in Communities) 
cohort study (22%), and adult family members of ARIC 
study participants (31%).19

All participants completed a baseline examination 
between 2000 and 2004, which included the following: 
collection of a medical history and a physical exam-
ination, a survey of demographic and socioeconomic 
characteristics and lifestyle factors (eg, smoking sta-
tus, height and weight, alcohol abuse, and level of 
physical activity), blood/urine analytes (eg, total cho-
lesterol and estimated glomerular filtration rate [eGFR]), 
a CVD evaluation (eg, ECG and echocardiogram), 
and medications used. Deaths and nonfatal events 
were ascertained via annual telephone calls, review of 
death certificates, and abstraction of medical records 
for relevant International Classification of Diseases, 

CLINICAL PERSPECTIVE

What Is New?
•	 In this community-based cohort of Black men 

and women, high depressive symptoms con-
ferred a 43% increase in the risk of incident 
heart failure (HF) over 10 years, but the asso-
ciation was attenuated in the model including 
lifestyle factors (smoking, obesity, and physical 
activity).

•	 Sex-stratified analyses showed that the effect of 
depressive symptoms on incident HF was spe-
cific to women, with high symptoms predicting 
a 53% greater risk of developing HF.

•	 Depressive symptoms were not related to all-
cause mortality for the entire cohort or by sex.

What Are the Clinical Implications?
•	 Black women may be especially vulnerable to 

the adverse effects of depression on cardiovas-
cular health.

•	 Sex-specific approaches to identify and man-
age depressive symptoms may be needed to 
improve cardiovascular outcomes.

•	 Addressing depressive symptoms among pa-
tients at a high risk of HF, or those with a HF 
diagnosis, may be most beneficial when also 
targeting lifestyle factors.

Nonstandard Abbreviations and Acronyms

aHR	 adjusted hazard ratio
ARIC	 Atherosclerosis Risk in Communities
CES-D	 Center for Epidemiological 

Studies–Depression
JHS	 Jackson Heart Study
LVIDD	 left ventricular internal diameter during 

diastole
LVIDS	 left ventricular internal diameter during 

systole
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Ninth Revision, Clinical Modification (ICD-9-CM), and 
International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD-10-CM), codes.20 The JHS 
was approved by the Institutional Review Boards of 
the University of Mississippi Medical Center, Jackson 
State University, and Tougaloo College. All participants 
completed written informed consent.

Study Population
Overall, 5306 eligible JHS participants completed 
the baseline examination. The secondary analyses 
reported herein included participants who had com-
pleted at least 16 of 20 screening questions on the 
Center for Epidemiological Studies–Depression (CES-
D) scale (n=3412). Self-reported disease and clinical 
measurement during the baseline examination were 
used to derive initial HF status, according to the modi-
fied Gothenburg criteria developed and validated in 
the ARIC study dataset.21 Participants were excluded 
if they were deceased before January 1, 2005 (n=35), 
met criteria for HF with a modified Gothenburg score 
of ≥3 at baseline (n=249), were missing a baseline 
echocardiogram assessment (n=139), had a baseline 
left ventricular ejection fraction (LVEF) of ≤40% (n=19), 
or were missing HF hospitalization events at baseline 
(n=319). Altogether, complete data were available for 
1305 participants. Following multiple imputation to ad-
dress missing data (described below), the final analytic 
sample included 2651 participants (Figure 1).

Depressive Symptoms
The primary exposure was the presence or absence 
of clinically significant depressive symptoms based on 
the CES-D score at baseline.22 The score is a sum of all 
20 CES-D questions with a possible range of 0 to 60, 
which was then used to create a binary variable based 
on <16 and ≥16 to identify individuals at risk for clini-
cal depression.22,23 A higher CES-D score indicates a 
greater burden of depressive symptoms.

Outcome Ascertainment
The primary outcomes were HF hospitalization and 
all-cause mortality, both of which were time-varying. 
Time to hospitalization outcome classification began on 
January 1, 2005, when HF hospitalization surveillance 
began in the JHS cohort.20 Time to death was calculated 
from the date of each baseline examination.20 HF hospi-
talization and death were ascertained via direct patient 
queries during annual telephone follow-up and ongoing 
surveillance of hospitalizations, with subsequent trans-
mission of hospital records and death certificates to a 
medical record abstraction unit for review. Computer-
generated diagnoses, corroborated by physician adju-
dication, were used to classify HF hospitalizations.

Covariates
Covariates were selected a priori from the baseline 
examination, including demographic and socioeco-
nomic characteristics (age, sex [a binary variable for 
men or women], education [college+ versus less than 
college], and individual income [upper-middle class/
affluent versus lower-middle class/poor]), HF risk fac-
tors (hypertension, diabetes, coronary heart disease 
[CHD], eGFR, total cholesterol, and LVEF %), and life-
style factors (smoking status, alcohol abuse, obesity, 
and physical activity).

Body mass index (BMI) was calculated as kg/m2. 
Individuals were categorized as obese (BMI ≥30 kg/m2) 
and non-obese (BMI <30 kg/m2).

Baseline physical activity was categorized accord-
ing to American Heart Association ideal cardiovascular 
health guidelines: poor physical activity: 0 minutes of 
moderate or vigorous physical activity per week; in-
termediate physical activity: <150  minutes of moder-
ate physical activity, <75 minutes of vigorous physical 
activity, or <150  minutes of moderate and vigorous 
physical activity per week; and recommended physi-
cal activity: ≥150 minutes of moderate physical activity, 
≥75 minutes of vigorous physical activity, or ≥150 min-
utes of moderate and vigorous physical activity per 
week.24

Smoking status was derived from a questionnaire. 
Participants were categorized as current smokers 
(self-report of having smoked >400 cigarettes in one’s 
life and a positive response to the question, “Do you 
now smoke cigarettes?”), past smokers (smoked >400 
cigarettes but quit at least 12 months ago), and never 
smokers (negative responses to both questions).

Hypertension was considered present if a partici-
pant had systolic blood pressure ≥130 mm Hg, diastolic 
blood pressure ≥80 mm Hg, or if use of blood pressure–
lowering medications was reported at baseline.

Diabetes was considered present if the hemoglo-
bin A1C was ≥6.5%, if a fasting plasma glucose was 
≥126  mg/dL, or if use of diabetes medications was 
reported.

Coronary heart disease (CHD) was considered 
present at baseline if the participant reported a his-
tory of CHD, prior abnormal stress test result, coro-
nary bypass graft surgery, or coronary angioplasty, 
or if there was ECG evidence of a prior myocardial 
infarction.

Estimated glomerular filtration rate (eGFR) was cal-
culated from serum concentrations of creatinine and 
cystatin C measured at baseline using the Chronic 
Kidney Disease Epidemiology Collaboration creatinine 
equation.25

Total cholesterol was evaluated based on fast-
ing blood samples, which were assayed using the 
cholesterol oxidase method supplied by Boehringer 
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Mannheim Diagnostics on a Roche COBAS Fara ana-
lyzer (Indianapolis, IN).

Left ventricular ejection fraction (LVEF) was derived 
from echocardiograms conducted during the baseline 
examination by certified ultrasonography technicians 
(Sonos 4500 echocardiograph; Hewlett Packard, 
Andover, MA), according to recommendations from the 

American Society of Echocardiography.26 LVEF was 
derived semiquantitatively using visual assessment 
of the left ventricular apex and a modified Quinones 
formula: LVEF=(LVIDD2−LVIDS2)/LVIDD2×100%, where 
LVIDD represents left ventricular internal diameter 
during diastole and LVIDS represents left ventricular 
internal diameter during systole.

Figure 1.  Flowchart of eligibility criteria for participants from the JHS (Jackson Heart Study). 
CES-D indicates Center for Epidemiological Studies–Depression; HF, heart failure; and LVEF, left 
ventricular ejection fraction.
 

JHS participants who 
completed the baseline 

examination and did not have 
a diagnosis of HF

N = 5,306

Deceased before 
January 1, 2005: n = 35

Baseline Gothenburg score ≥3:
n = 249

Missing baseline 
echocardiograph data: n = 139

Baseline LVEF ≤40%:
n = 19

Missing baseline HF 
hospitalization events: n = 319

Participants 
with complete 

data
n = 1,305

Men
n = 156
29.0%

Women
n = 382
71.0%

Men
n = 801
37.9%

Women
n = 1312
62.1%

Missing ≥4 CES-D questions: 
n = 1,894

Participants who completed 
at least 16 of 20 CES-D 

Questions
N = 3,412

Participants included after 
multiple imputation

n = 2,651

CES-D ≥16
n = 538
20.3%

CES-D <16
n = 2,113

79.7%
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Statistical Analysis
Descriptive statistics (mean/SD, median/interquartile 
range [IQR], and frequency/percentage) were used 
to display patient characteristics for the overall sam-
ple and for those who did and did not meet study-
defined criteria for depression. To test for differences 
between these defined groups, χ2 tests were used for 
categorical variables and Student t tests or Kruskal-
Wallis tests were used for normally and non-normally 
distributed continuous variables. A high proportion of 
participants did not complete the CES-D (≈40%), and 
thus, baseline characteristics are first provided for 
those who completed the measure, followed by com-
parisons of those with and without complete CES-D 
data. Multiple imputation by chained equations was 
performed to account for uncertainty caused by 
missing values in covariates. Missingness was as-
sumed to be random. Guided by the percentage of 
missingness, one imputed data set was needed for 
each percentage of maximal missingness in a vari-
able, resulting in the creation of 50 imputed data sets 
with 20 iterations, and a trace plot was used to de-
termine the minimal number of iterations required to 
reach a stable posterior distribution. Demographics, 
HF risk factors, lifestyle factors, hospitalization at-
tributable to HF, and mortality were included, using 
a predictive mean matching method for continuous 
variables and a binary logistic regression model or 
discriminant methods for categorical variables. After 
multiple imputation, results were pooled with Rubin’s 
rules.

Time of follow-up was defined as the length of 
time from the date of the first echocardiogram until 
the date of death from any cause/date of HF hospi-
talization, or the date of last follow-up (by December 
31, 2011). With the presence of competing risk, con-
ventional methods, such as a Kaplan-Meier curve 
(1–Kaplan-Meier) will yield a biased estimate of prob-
ability.27 Therefore, the cumulative incidence of events 
was assessed by the presence of clinically significant 
depressive symptoms at baseline, and group differ-
ences were assessed using Gray’s test. The cause-
specific proportional hazards model is still a valid 
modeling approach to evaluate the impact of multiple 
risk factors on outcomes of interest in this situation, 
and interpretation of the results is limited to the as-
sociation of risk factors and cause-specific hazards 
instead of probabilities.28 Therefore, Cox proportional 
hazards models were used to estimate univariate- 
and covariate-adjusted associations between CES-D 
scores and outcomes of interest.

The following models were created in a hierarchi-
cal order: (1) in Model 1, depressive symptoms based 
on the CES-D were the only independent variable; (2) 
in Model 2, sociodemographic variables (age, sex, 

education, and income) were added; (3) in Model 3, 
HF risk factors (hypertension, diabetes, CHD, eGFR, 
total cholesterol, and LVEF %) were added; and (4) in 
Model 4, lifestyle factors (alcohol abuse, smoking sta-
tus, obesity, and physical activity) were added. These 
models were also built separately for men and women. 
In all models, the proportional hazards assumption 
was tested by including a variable representing the in-
teraction between CES-D and the log of survival time. 
There was no evidence that the proportional hazards 
assumption was violated in any model. For any signifi-
cant results, sensitivity analyses were also conducted 
including only participants with complete CES-D data. 
A threshold of P<0.05 (2-tailed) and 95% CIs were 
used to establish statistical significance. All analyses 
were performed using SAS software, Version 9.4 (SAS 
Institute Inc, Cary, NC).

RESULTS
The final sample included 2651 individuals (63.9% 
women), who had a median age of 53  years. Those 
aged 50 to 59 years comprised the largest age group 
(26.5%). In the final sample, 538 individuals (20.3%) 
met criteria for clinically elevated depressive symp-
toms at baseline (Table 1). People with high depressive 
symptoms were younger, more likely to be women, 
less educated and had a lower income, were less 
physically active, and were significantly more likely to 
endorse current or previous smoking than those not 
meeting depression criteria (a CES-D score of ≥16 ver-
sus <16). When examining HF risk factors and related 
medications, individuals who reported high depressive 
symptoms were also more likely to have a history of 
CHD, a higher mean eGFR at baseline, and lower total 
cholesterol compared with those with low depressive 
symptoms. Table S1 provides data about those with 
and without CES-D data. Those without these data 
were 5  years older, had less education and a lower 
income, and they demonstrated a significantly higher 
prevalence of negative lifestyle factors (eg, alcohol use 
and smoking) and HF risk factors (eg, hypertension 
and diabetes).

Across 10  years, the cumulative incidence of HF 
was 0.06% (95% CI, 0.05%–0.07%; n=181 cases) and 
the cumulative all-cause mortality was 0.05% (95% 
CI, 0.04%–0.05%; n=293 cases). The cumulative inci-
dence of HF was significantly greater among those with 
high versus low depressive symptoms (0.07 [95% CI, 
0.05–0.09] versus 0.05 [95% CI, 0.04–0.06]; P=0.030). 
However, there was no difference in the cumulative 
incidence of all-cause mortality between those with 
high versus low depressive symptoms (0.04 [95% CI, 
0.03–0.06] versus 0.05 [95% CI, 0.04–0.06]; P=0.73; 
Figures 2A and 2B).
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Table 1.  Baseline Characteristics of the Study Population Overall, and by CES-D Depressive Symptoms

CES-D depressive symptoms

Variable
High (≥16)  
(n=538)

Low (<16)  
(n=2113)

Total  
(N=2651) P value

Demographics

Age, median (IQR), y 52 (43–63) 54 (45–63) 53 (44–63) 0.015

21–29 18 (3.3) 56 (2.7) 74 (2.8) 0.16

30–39 348 (13.1) 267 (15.1) 274 (10.3)

40–49 153 (28.4) 523 (24.8) 676 (25.5)

50–59 136 (25.3) 566 (26.8) 702 (26.5)

60–69 110 (20.4) 547 (25.9) 657 (24.8)

≤70 058 (10.8) 210 (9.9) 268 (10.1)

Sex

Men 156 (29.0) 801 (37.9) 957 (36.1) <0.001

Women 382 (71.0) 1312 (62.1) 1694 (63.9)

Education

Less than high school 90 (16.7) 229 (10.8) 319 (12.0) <0.001

High school/GED 138 (25.7) 349 (16.5) 487 (18.4)

College or trade school 310 (57.6) 1531 (72.5) 1841 (69.4)

Missing 0 4 (0.2) 4 (0.2)

Income

Poor 107 (19.5) 160 (7.6) 267 (10.1) <0.001

Lower-middle 120 (22.3) 359 (17.0) 479 (18.1)

Upper-middle 140 (26.0) 585 (27.7) 725 (27.3)

Affluent 89 (16.5) 731 (34.6) 820 (30.9)

Missing 82 (15.2) 278 (13.2) 360 (13.6)

Lifestyle factors

Alcohol abuse

No 287 (53.3) 1109 (52.5) 1396 (52.7) 0.78

Yes 251 (46.7) 997 (47.2) 1248 (47.1)

Missing 0 7 (0.3) 7 (0.3)

Smoking status

Current 90 (16.7) 184 (8.7) 274 (10.3) <0.001

Past 8 (1.5) 25 (1.2) 33 (1.2)

Never 431 (80.1) 1868 (88.4) 2299 (86.7)

Missing 9 (1.7) 36 (1.7) 45 (1.7)

BMI, median (IQR), kg/m2 30.8 (26.8–35.7) 30.2 (26.8–34.6) 30.3 (26.8–34.9) 0.09

Non-obese (<30 kg/m2) 236 (43.9) 1025 (48.5) 1261 (47.6) 0.05

Obese (≥30 kg/m2) 302 (56.1) 1085 (51.3) 1387 (52.3)

Missing 0 3 (0.1) 3 (0.1)

Physical activity

Poor 289 (53.7) 898 (42.5) 1187 (44.8) <0.001

Intermediate 165 (30.7) 730 (34.5) 895 (33.7)

Recommended 84 (15.6) 484 (22.9) 568 (21.4)

Missing 0 1 (0.1) 1 (0.1)

Heart failure risk factors

Heart rate, bpm

Mean (SD) 64.4 (10.1) 63.7 (10.0) 63.8 (10.0) 0.14

Missing 1 (0.1) 1 (0.1)

 (Continued)
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Incident HF and All-Cause Mortality
Table 2 shows factors that were independently asso-
ciated with incident HF. In the unadjusted model (ie, 
Model 1), high depressive symptoms were associated 
with a 43% increase in incident HF (hazard ratio [HR], 
1.43; 95% CI, 1.03–1.98; P=0.035). This association 
remained significant after adjusting for demographics 
(adjusted HR [aHR], 1.41; 95% CI, 1.04–2.05; P=0.027; 
Model 2) and established HF risk factors (aHR, 1.44; 
95% CI, 1.02–2.02; P=0.036; Model 3), but was no 
longer significant after adjusting for lifestyle factors 
(aHR, 1.23; 95% CI, 0.84–1.81; P=0.28; Model 4). In this 
fully adjusted model, age, CHD, and eGFR remained 
associated with a greater risk of incident HF, with dia-
betes emerging as the strongest predictor (aHR, 2.31; 
95% CI, 1.65–3.23; P<0.001), whereas never smoking 
and physical activity were protective factors. Finally, 
in the unadjusted model, depressive symptoms were 
not associated with all-cause mortality (HR, 1.04; 
95% CI, 0.81–1.32; P=0.77; Table S2). Despite a lack 
of power to appropriately test interaction terms and a 
focus on analyses by sex, in an exploratory analysis 
the CES-D×Sex interaction was also tested, but results 

were nonsignificant for HF hospitalization and all-cause 
mortality (P=0.62 and 0.63).

Subgroup Analyses by Sex
Across the 10-year time frame, there was no difference 
in the cumulative incidence of HF or all-cause mortality 
between men and women (Figures 3A and 3B). On the 
basis of the unadjusted model, high depressive symp-
toms were not associated with incident HF (HR, 1.26; 95% 
CI, 0.69–2.32; P=0.45) or all-cause mortality (HR, 0.96; 
95% CI, 0.62–1.48; P=0.86) for men (Tables S3 and S4). 
For women, high depressive symptoms were associated 
with incident HF in the unadjusted model (HR, 1.52; 95% 
CI, 1.02–2.26; P=0.039; Table 3, Model 1), an associa-
tion which remained significant in the fully adjusted model 
that included demographics, HF risk factors, and lifestyle 
factors (aHR, 1.53; 95% CI, 1.01–2.30; P=0.043; Model 
4). As observed with the full sample, the final model of 
women also showed significant effects of age, diabetes, 
eGFR, and smoking on incident HF. As observed for men, 
in the unadjusted model, depressive symptoms were not 
associated with all-cause mortality among women (HR, 
1.10; 95% CI, 0.82–1.47; P=0.53; Table S5).

CES-D depressive symptoms

Variable
High (≥16)  
(n=538)

Low (<16)  
(n=2113)

Total  
(N=2651) P value

Systolic blood pressure, mm Hg

Mean (SD) 126.2 (16.0) 125.9 (15.5) 125.9 (15.6) 0.72

Missing 5 (0.9) 4 (0.2) 9 (0.3)

Hypertension

No 257 (47.8) 1045 (49.5) 1302 (49.1) 0.48

Yes 281 (52.2) 1068 (50.5) 1349 (50.9)

Diabetes

No 409 (76.0) 1688 (79.9) 2097 (79.1) 0.08

Yes 122 (22.7) 411 (19.5) 533 (20.1)

Missing 7 (1.3) 14 (0.7) 21 (0.8)

CHD

No 505 (93.9) 2045 (96.8) 2550 (96.2) 0.002

Yes 33 (6.1) 68 (3.2) 101 (3.8)

eGFR, mL/min per 1.73 m2

Mean (SD) 87.6 (19.0) 85.6 (17.5) 86.0 (17.9) 0.029

Missing 10 (1.9) 22 (1.0) 32 (1.2)

Total cholesterol, mg/dL

Mean (SD) 196.0 (38.5) 200.5 (38.8) 199.6 (38.8) 0.022

Missing 44 (8.2) 140 (6.6) 184 (6.9)

LVEF, %

Mean (SD) 62.3 (6.5) 62.1 (6.6) 62.1 (6.6) 0.50

Data are given as number (percentage), unless otherwise indicated. BMI indicates body mass index; bpm, beats per minute; CES-D, Center for Epidemiological 
Studies–Depression scale; CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; GED, general equivalency diploma; IQR, interquartile 
range; LVEF, left ventricular ejection fraction; and SD, standard deviation.

Table 1.  Continued
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Sensitivity Analyses
Sensitivity analyses were conducted to examine the 
observed associations between depressive symp-
toms and incident HF hospitalization among only 
those with complete data, prior to imputation. For the 
entire sample, both the unadjusted and adjusted as-
sociations between depressive symptoms and risk 

of HF hospitalization were not significant (Table  S6). 
For women, in the unadjusted model, high depres-
sive symptoms were not significantly associated with 
HF (HR, 1.70; 95% CI, 0.92–3.13; P=0.09; Table S7). 
However, in the final, adjusted model, high depressive 
symptoms were associated with a significantly greater 
risk of HF for women (aHR, 1.94; 95% CI, 1.01–3.74; 
P=0.047; Model 4).

DISCUSSION
To our knowledge, the current analysis is the first to 
examine the prospective associations between clini-
cally significant depressive symptoms, incident HF, 
and all-cause mortality over a 10-year period in a large, 
community-based cohort of Black men and women. 
There are several notable findings. First, 1 in 5 par-
ticipants reported clinically elevated depressive symp-
toms at the study baseline. These individuals were 
younger, had less years of education, a lower income, 
and were more likely to smoke, to be obese, and to be 
inactive, and to have a diagnosis of CHD compared 
with those without clinically significant depressive 
symptoms. Second, depressive symptoms contrib-
uted to a 43% increase in the risk for incident HF in 
unadjusted models, but the strength of this association 
was attenuated in fully adjusted models that included 
lifestyle factors. Third, analyses by sex showed that 
the effect of depression on incident HF was specific to 
women, with high depressive symptoms predicting a 
53% greater risk of HF. Depressive symptoms were not 
significantly related to all-cause mortality for the entire 
sample or by sex, which is concordant with other data 
from Black adults.29

Our finding that greater depressive symptoms only 
conferred HF risk among Black women aligns with pre-
vious evidence highlighting women’s unique vulnerabil-
ity to HF. For example, hypertension is shown to triple 
the risk of HF in women, but only doubles HF risk in 
men.30 In other work, depression was only associated 
with a risk of HF among women, although that sample 
was composed of mostly White individuals and was 
about 20  years older than the age of the JHS sam-
ple.17 HF presentation also differs by sex, as women 
are more prone to developing HF with preserved ejec-
tion fraction.1 Women, particularly women of color, 
remain underrepresented in clinical trials.31 This lack 
of representation is concerning given observations of 
sex-specific HF correlates, particularly among Black 
women,31 which may necessitate distinct risk mitiga-
tion strategies. Although age-specific analyses were 
not an objective of this investigation, HF-related mor-
tality may be particularly high for younger patients who 
are Black compared with those who are older.32 Thus, 

Figure 2.  The unadjusted cumulative incidence (cum inc) of 
heart failure (HF) hospitalization or incident HF (A) and all-
cause mortality (B), according to high and low depressive 
symptoms on the Center for Epidemiological Studies–
Depression (CES-D) scale.
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subgroup analyses of depression and risk of HF by age 
represent a valuable direction for future inquiry.

To understand the associations between depres-
sion and HF in Black women, one must consider the 
pathophysiological mechanisms that differentiate de-
pression among women compared with men. The 
higher prevalence of depression among women is well 
documented.11,33–37 Systemic differences that drive 
this distinction may involve sex hormones; long-term 

elevations in sympathetic nervous system, inflamma-
tory cytokine, and/or hypothalamic-pituitary-adrenal 
axis activity; and alterations in neurotrophic or met-
abolic factors, among others.36 Chronic depressive 
symptoms have been associated with greater vul-
nerability to developing left ventricular dysfunction, a 
precursor to HF, with stronger effects observed for 
women.38 These physiological processes might be 
particularly active among women of color, who show 
more persistent symptoms of depression than women 
who are White39 or Black men.9,14 Although JHS data 
do not provide for a powered testing of these path-
ways, identifying the relevant mechanisms is central 
to understanding cardiovascular risk in different racial 
groups.

Based on these data, screening for depression 
among Black adults, especially those with HF, may 
be warranted.40 A meta-analysis revealed that 34% of 
patients with HF report clinically significant depressive 
symptoms on questionnaires like the CES-D scale, 
with up to a 44% prevalence rate among minorities.41 
Yet, evidence to date has not established that depres-
sion screening is beneficial for patients with HF, or de-
finitively, that these patients with clinically significant 
depressive symptoms may benefit from treatment for 
depression. In small-sample, randomized clinical trials, 
cognitive behavioral therapy has been associated with 
improved depressive symptoms, self-care, and quality 
of life for patients with HF.42 In addition, a patient pref-
erence (medication versus psychotherapy), stepped-
care treatment approach for depression after acute 
coronary syndrome was shown in 2 small trials to be 
associated with reduced depression and lower car-
diac recurrent event rate at the end of treatment,43,44 
an effect on recurrent events that was lost at 1-year fol-
low-up,45 and there is evidence that women and Black 
adults prefer psychotherapy to antidepressant medi-
cation.46 As depressive symptoms show greater chro-
nicity among Black adults,8 the testing of algorithms 
for frequent screening and longer-term depression 
management may offer guidance for best strategies to 
reduce depression and improve HF outcomes.47

As previously reported for diverse samples, and for 
samples of Black individuals exclusively,48,49 medical 
and lifestyle factors also predicted incident HF. For 
example, diagnoses of diabetes and CHD were each 
associated with a 2-fold greater risk of HF. Among the 
lifestyle risk factors for HF, physical activity and “never 
smoking” were significant protective factors, associ-
ated with 71% and 58% lower risks, respectively. Yet, 
there was no significant effect of obesity on incident 
HF, suggesting that physical activity, rather than de-
pressive symptoms or body mass index, may be a 
more important prognostic factor for HF among Black 
adults.50 Clinical efforts to manage depressive symp-
toms among patients at a high risk of HF, or those 

Figure 3.  The unadjusted cumulative incidence (cum inc) of 
heart failure (HF) hospitalization or incident HF (A) and all-
cause mortality (B) for men and women separately.
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with an HF diagnosis, may yield the greatest benefit 
from dually addressing lifestyle factors, such as en-
couraging physical activity and smoking cessation, 
which were also significant predictors of HF in earlier 
analyses.32,51

There are several limitations to our investigation and 
the JHS data. First, the CES-D scale was designed to 
measure the current level of depressive symptoms but 
does not sufficiently capture the necessary features re-
quired for a diagnosis of major depression disorder.22,23 
Relatedly, the analyses included baseline symptoms of 
depression and did not account for change in depres-
sive symptoms over time. Second, although symptoms 
of depression were assessed with the CES-D scale, a 
high percentage of JHS participants did not complete 
this assessment (≈40%), and there were notable differ-
ences between participants with and without CES-D 
scale data. JHS participants who were excluded on the 
basis of missing CES-D scale data were distinct, both 
socioeconomically and in terms of their health, from 
those who were included in the present analyses. Thus, 
results from the analytic cohort cannot be extrapolated 
to those who were excluded. These missing CES-D 
scale data may represent patient reluctance to disclose 
mental health information because of concerns about 
cultural stigma.52 Third, the size of the CIs for the ef-
fects of high depressive symptoms, for the entire sam-
ple and among women alone, are somewhat wide. This 
statistical variability may limit our ability to draw conclu-
sions about the potential effect of depression on risk 
for HF. Fourth, data about the effect of treatment for 
depression (eg, antidepressant medications and psy-
chotherapy) on the relationship between depression 
and HF, as well as the percentages of adults who de-
veloped different subtypes of HF, were unavailable for 
this analysis. Fifth, we cannot discount the possibility 
that some HF diagnoses, hospitalizations, and deaths 
may have been missed or misclassified, which could 
alter these findings. Last, the socioeconomic status of 
the JHS cohort is higher than that of Black adults na-
tionwide, and the sample was limited to the “greater” 
Jackson, MS, area. Therefore, findings may not reflect 
the health of all Black men or women in the general 
US population and merit replication. Finally, despite ad-
justment for multiple time-varying covariates, residual 
confounding cannot be ruled out.

To conclude, in a sample of Black adults, high 
depressive symptoms were associated with risk of 
incident HF, which persisted after multivariable adjust-
ment for clinical risk factors, but was eliminated after 
controlling for lifestyle factors. Further investigation re-
vealed that the effect of greater depressive symptoms 
on HF was specific to Black women only. Future work 
is merited concerning changes in the sex-specific bur-
den of depression over time and testing of algorithms 
for assessing and monitoring depression status, and 

for treating depression, as potential strategies to miti-
gate the associated risk of HF among Black men and 
women.
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Table S1. Baseline Characteristics of Included and Excluded Participants based on CES-D Completion 

 CES-D Completion   

 
Included 

Participants* 
(n = 2651) 

Excluded       
Participants 
(n = 1894) 

Total† 
(N = 4545) P Value 

Demographics  
Age, Median (IQR) 53.0 (44.0 – 63.0) 58.0 (47.0 – 67.0) 55.0 (45.0 – 64.0) <0.001 

21-29 74 (2.8%) 38 (2.0%) 112 (2.5%) <0.001 
  30-39 274 (10.3%) 159 (8.4%) 433 (9.5%)  
  40-49 676 (25.5%) 370 (19.5%) 1046 (23.0%)  
  50-59 702 (26.5%) 451 (23.8%) 1153 (25.4%)  
  60-69 657 (24.8%) 520 (27.5%) 1177 (25.9%)  
  70+ 268 (10.1%) 356 (18.8%) 624 (13.7%)  

Sex     
Men 957 (36.1%) 754 (39.8%) 1711 (37.7%) 0.011 
Women 1694 (63.9%) 1140 (60.2%) 2834 (62.4%)  

Education     
Less than high school 319 (12.0%) 520 (27.5%) 839 (18.5%) <0.001 
High school/GED 487 (18.4%) 423 (22.3%) 910 (20.0%)  
College or trade school 1841 (69.4%) 939 (49.6%) 2780 (61.2%)  
Missing 4 (0.2%) 12 (0.6%) 16 (0.3%)  

Income     
Poor 267 (10.1%) 290 (15.3%) 557 (12.3%) <0.001 
Lower-middle 479 (18.1%) 445 (23.5%) 924 (20.3%)  
Upper-middle 725 (27.3%) 431 (22.8%) 1156 (25.4%)  
Affluent 820 (30.9%) 387 (20.4%) 1207 (26.6%)  
Missing 360 (13.6%) 341 (18.0%) 701 (15.4%)  

Lifestyle Factors     
Alcohol Abuse     

No 1396 (52.7%) 1070 (56.5%) 2466 (54.3%) 0.005 
Yes 1248 (47.1%) 807 (42.6%) 2055 (45.2%)  
Missing 7 (0.2%) 17 (0.9%) 24 (0.5%)  

Smoking Status     
Current 274 (10.5%) 285 (15.3%) 559 (12.3%) <0.001 
Past 33 (1.3%) 21 (1.1%) 54 (1.2%)  
Never 2299 (88.2%) 1554 (83.6%) 3853 (84.8%)  



Table S1. Baseline Characteristics of Included and Excluded Participants based on CES-D Completion 

 CES-D Completion   

 
Included 

Participants* 
(n = 2651) 

Excluded       
Participants 
(n = 1894) 

Total† 
(N = 4545) P Value 

Missing 45 (1.7%) 34 (1.8%) 79 (1.7%)  
BMI (kg/m2), Median (IQR) 30.3 (26.8 – 34.9) 30.50 (26.5 – 35.4) 30.4 (26.7 – 35.1) 0.66 

Non-obese (<30) 1261 (47.6%) 885 (46.9%) 2146 (47.2%) 0.64 
Obese (≥30) 1387 (52.4%) 1001 (53.1%) 2388 (52.5%)  
Missing 3 (0.1%) 8 (0.4%) 11 (0.2%)  

Physical Activity     
Poor 1187 (44.8%) 1045 (55.2%) 2232 (49.1%) <0.001 
Intermediate 895 (33.8%) 533 (28.2%) 1428 (31.4%)  
Recommended 568 (21.4%) 314 (16.6%) 882 (19.4%)  
Missing 1 (0.1%) 2 (0.1%) 3 (0.1%)  

Heart Failure Risk Factors  
Heart Rate (bpm)     

Mean (SD) 63.83 (10.0) 64.79 (11.1) 64.23 (10.5) 0.003 
Missing 1 (0.1%) 17 (0.9%) 18 (0.4%)  

Systolic Blood Pressure     
Mean (SD) 125.94 (15.6) 129.51 (18.3) 127.43 (16.9) <0.001 
Missing 9 (0.3%) 7 (0.4%) 16 (0.4%)  

Hypertension     
No 1302 (49.1%) 754 (39.8%) 2056 (45.3%) <0.001 
Yes 1349 (50.9%) 1139 (60.2%) 2488 (54.8%)  

Diabetes     
No 2097 (79.7%) 1391 (73.4%) 3488 (76.7%) <0.001 
Yes 533 (20.3%) 473 (25.0%) 1006 (22.1%)  
Missing 21 (0.8%) 30 (1.6%) 51 (1.1%)  

CHD     
No 2550 (96.2%) 1713 (90.4%) 4263 (93.8%) <0.001 
Yes 101 (3.8%) 181 (9.6%) 282 (6.2%)  

eGFR (ml/min/1.73m2)     
Mean (SD)  85.98 (17.9) 82.54 (20.6) 84.56 (19.1) <0.001 
Missing 32 (1.2%) 47 (2.5%) 79 (1.7%)  

Total Cholesterol (mg/dL)     



 

Table S1. Baseline Characteristics of Included and Excluded Participants based on CES-D Completion 

 CES-D Completion   

 
Included 

Participants* 
(n = 2651) 

Excluded       
Participants 
(n = 1894) 

Total† 
(N = 4545) P Value 

Mean (SD) 199.62 (38.8) 199.59 (41.6) 199.60 (40.0) 0.98 
Missing 184 (6.9%) 217 (11.5%) 401 (8.8%)  

LVEF (%)     
Mean (SD) 62.13 (6.6) 61.68 (8.2) 61.95 (7.3) 0.05 

Abbreviations. BMI, body mass index; CES-D, Center for Epidemiological Studies-Depression scale, 

CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; IQR, interquartile range;  

LVEF, left ventricular ejection fraction; SD, standard deviation. 

*Participants who completed at least 16 of 20 screening questions on the baseline CES-D. 

†Before applying other exclusion criteria. 



Table S2. Multivariate Models of CES-D Depressive Symptoms and Risk of All-Cause Mortality 

 Model 1 Model 2 Model 3 Model 4 

 HR        P value aHR        P value aHR P value aHR P value 

CES-D Depressive 

Symptoms* 
1.04 (0.81-1.32) 0.77 0.96 (0.75-1.23) 0.75 0.92 (0.71-1.18) 0.50 0.87 (0.68-1.12) 0.27 

Demographics         

Age   1.09 (1.08-1.10) <0.001 1.08 (1.06-1.09) <0.001 1.08 (1.06-1.09) <0.001 

Male   1.47 (1.20-1.81) <0.001 1.47 (1.19-1.82) <0.001 1.45 (1.17-1.81) <0.001 

Education   0.86 (0.68-1.08) 0.20 0.90 (0.72-1.14) 0.40 0.94 (0.74-1.19) 0.62 

Income   0.61 (0.48-0.77) <0.001 0.59 (0.47-0.75) <0.001 0.63 (0.49-0.81) <0.001 

HF Risk Factors         

Hypertension     1.22 (0.97-1.55) 0.09 1.24 (0.98-1.58) 0.07 

Diabetes     1.68 (1.36-2.07) <0.001 1.80 (1.45-2.24) <0.001 

CHD     1.48 (1.04-2.11) 0.028 1.53 (1.08-2.18) 0.018 

eGFR     0.99 (0.98-1.00) 0.012 0.99 (0.98-1.00) 0.004 

Total cholesterol     1.00 (1.00-1.00) 0.64 1.00 (1.00-1.00) 0.82 



LVEF%     0.99 (0.97-1.00) 0.17 0.99 (0.97-1.00) 0.18 

Lifestyle Factors          

Alcohol abuse       0.97 (0.77-1.21) 0.79 

Former smoker       0.65 (0.20-2.10) 0.47 

Never smoker       0.56 (0.41-0.77) <0.001 

Obesity       0.97 (0.74-1.27) 0.80 

Physical activity       0.85 (0.69-1.05) 0.14 

Hazard ratios and 95% CIs are presented. 

Abbreviations: aHR, adjusted hazard ratio; CES-D, Center for Epidemiological Studies-Depression scale; CHD, coronary heart disease; eGFR, 

estimated glomerular filtration rate; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction. 

*High depressive symptoms on the CES-D (≥16) versus low depressive symptoms (<16). 

  



Table S3. Multivariate Models of CES-D Depressive Symptoms and Risk of HF Hospitalization Among Men 

 Model 1 Model 2 Model 3 Model 4 

 HR        P value aHR        P value aHR P value aHR P value 

CES-D Depressive 

Symptoms* 
1.26 (0.69-2.32) 0.45 1.27 (0.69-2.36) 0.45 1.29 (0.69-2.41) 0.43 1.24 (0.66-2.35) 0.50 

Demographics         

Age   1.09 (1.06-1.11) <0.001 1.08 (1.05-1.11) <0.001 1.09 (1.05-1.12) <0.001 

Education   1.03 (0.58-1.83) 0.91 1.14 (0.64-2.04) 0.65 1.16 (0.65-2.09) 0.61 

Income   0.74 (0.41-1.35) 0.32 0.66 (0.36-1.20) 0.17 0.71 (0.38-1.33) 0.28 

HF Risk Factors         

Hypertension     1.39 (0.79-2.43) 0.26 1.34 (0.76-2.37) 0.30 

Diabetes     1.97 (1.18-3.31) 0.010 1.95 (1.15-3.31) 0.013 

CHD     2.23 (1.06-4.67) 0.034 2.28 (1.07-4.84) 0.032 

eGFR     1.00 (0.99-1.02) 0.67 1.00 (0.99-1.02) 0.78 

Total cholesterol     1.00 (0.99-1.01) 0.70 1.00 (0.99-1.01) 0.65 

LVEF%     0.98 (0.94-1.01) 0.23 0.98 (0.94-1.01) 0.21 



Lifestyle Factors          

Alcohol abuse       0.82 (0.48-1.38) 0.45 

Former smoker       0.62 (0.08-4.57) 0.64 

Never smoker       0.56 (0.27-1.17) 0.12 

Obesity       1.32 (0.79-2.19) 0.29 

Physical activity       0.80 (0.48-1.33) 0.39 

Hazard ratios and 95% CIs are presented. 

Abbreviations: aHR, adjusted hazard ratio; CES-D, Center for Epidemiological Studies-Depression scale; CHD, coronary heart disease; eGFR, 

estimated glomerular filtration rate; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction. 

*High depressive symptoms on the CES-D (≥16) versus low depressive symptoms (<16). 

 

  



Table S4. Multivariate Models of CES-D Depressive Symptoms and Risk of All-Cause Mortality Among Men 

 Model 1 Model 2 Model 3 Model 4 

 HR        P value aHR        P value aHR P value aHR P value 

CES-D Depressive 

Symptoms* 
0.96 (0.62-1.48) 0.86 0.86 (0.55-1.34) 0.51 0.85 (0.54-1.34) 0.48 0.84 (0.53-1.33) 0.45 

Demographics         

Age   1.10 (1.08-1.11) <0.001 1.09 (1.07-1.11) <0.001 1.09 (1.07-1.11) <0.001 

Education   0.76 (0.53-1.10) 0.15 0.83 (0.57-1.21) 0.33 0.85 (0.58-1.24) 0.40 

Income   0.68 (0.46-0.99) 0.042 0.59 (0.40-0.88) 0.009 0.60 (0.40-0.90) 0.015 

HF Risk Factors         

Hypertension     1.39 (0.79-2.43) 0.26 1.24 (0.86-1.79) 0.26 

Diabetes     1.97 (1.18-3.31) 0.010 1.95 (1.37-2.76) <0.001 

CHD     2.23 (1.06-4.67) 0.034 1.83 (1.11-3.01) 0.018 

eGFR     1.00 (0.99-1.02) 0.67 0.99 (0.98-1.01) 0.28 

Total cholesterol     1.00 (0.99-1.01) 0.70 1.00 (0.99-1.00) 0.60 

LVEF%     0.98 (0.94-1.01) 0.23 0.98 (0.95-1.00) 0.10 



Lifestyle Factors          

Alcohol abuse       1.15 (0.81-1.63) 0.43 

Former smoker       0.62 (0.08-4.57) 0.64 

Never smoker       0.56 (0.27-1.17) 0.037 

Obesity       1.32 (0.79-2.19) 0.36 

Physical activity       0.80 (0.48-1.33) 0.17 

Hazard ratios and 95% CIs are presented. 

Abbreviations: aHR, adjusted hazard ratio; CES-D, Center for Epidemiological Studies-Depression scale; CHD, coronary heart disease; eGFR, 

estimated glomerular filtration rate; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction. 

*High depressive symptoms on the CES-D (≥16) versus low depressive symptoms (<16). 

 

  



Table S5. Multivariate Models of CES-D Depressive Symptoms and Risk of All-Cause Mortality Among Women 

 Model 1 Model 2 Model 3 Model 4 

 HR        P value aHR        P value aHR P value aHR P value 

CES-D Depressive 

Symptoms* 
1.10 (0.82-1.47) 0.53 1.02 (0.76-1.38) 0.88 1.01 (0.74-1.36) 0.97 0.99 (0.73-1.34) 0.92 

Demographics         

Age   1.08 (1.07-1.10) <0.001 1.07 (1.05-1.09) <0.001 1.07 (1.05-1.09) <0.001 

Education   0.95 (0.71-1.27) 0.72 0.99 (0.73-1.33) 0.93 1.03 (0.76-1.38) 0.86 

Income   0.56 (0.41-0.76) <0.001 0.57 (0.42-0.77) <0.001 0.60 (0.44-0.82) 0.001 

HF Risk Factors         

Hypertension     1.16 (0.85-1.58) 0.34 1.18 (0.86-1.61) 0.30 

Diabetes     1.58 (1.20-2.07) 0.001 1.63 (1.24-2.16) <0.001 

CHD     1.18 (0.70-1.99) 0.53 1.17 (0.69-1.97) 0.56 

eGFR     0.99 (0.98-1.00) 0.008 0.99 (0.98-1.00) 0.014 

Total cholesterol     1.00 (1.00-1.00) 0.91 1.00 (1.00-1.00) 0.96 

LVEF%     1.00 (0.98-1.02) 0.70 0.99 (0.97-1.01) 0.53 



Lifestyle Factors          

Alcohol abuse       0.84 (0.62-1.15) 0.28 

Former smoker       0.81 (0.19-3.41) 0.64 

Never smoker       0.50 (0.34-0.75) <0.001 

Obesity       0.90 (0.69-1.16) 0.41 

Physical activity       0.87 (0.67-1.14) 0.31 

Hazard ratios and 95% CIs are presented. 

Abbreviations: aHR, adjusted hazard ratio; CES-D, Center for Epidemiological Studies-Depression scale; CHD, coronary heart disease; eGFR, 

estimated glomerular filtration rate; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction; 

*High depressive symptoms on the CES-D (≥16) versus low depressive symptoms (<16). 

 

  



Table S6. Multivariate Models of CES-D Depressive Symptoms and Risk of HF Hospitalization 

 Model 1 Model 2 Model 3 Model 4 

 HR        P value aHR        P value aHR P value aHR P value 

CES-D Depressive 

Symptoms* 
1.35 (0.79-2.29) 0.27 1.52 (0.89-2.60) 0.13 1.49 (0.86-2.58) 0.16 1.42 (0.81-2.49) 0.22 

Demographics         

Age   1.08 (1.05-1.10) <0.001 1.07 (1.04-1.09) <0.001 1.07 (1.04-1.10) <0.001 

Male   1.17 (0.73-1.88) 0.51 1.12 (0.69-1.81) 0.65 1.19 (0.72-1.97) 0.50 

Education   0.79 (0.46-1.34) 0.38 0.87 (0.50-1.51) 0.62 0.96 (0.55-1.66) 0.87 

Income   0.77 (0.45-1.31) 0.33 0.75 (0.44-1.28) 0.29 0.95 (0.47-1.40) 0.46 

HF Risk Factors         

Hypertension     1.34 (0.80-2.25) 0.27 1.30 (0.77-2.20) 0.33 

Diabetes     2.14 (1.32-3.47) 0.002 2.08 (1.27-3.42) 0.004 

CHD     2.21 (1.03-4.76) 0.042 2.13 (0.96-4.73) 0.06 

eGFR     0.99 (0.98-1.01) 0.36 0.99 (0.97-1.01) 0.26 

Total cholesterol     1.00 (0.99-1.00) 0.54 1.00 (0.99-1.00) 0.55 



LVEF%     0.98 (0.94-1.01) 0.21 0.98 (0.94-1.01) 0.17 

Lifestyle Factors          

Alcohol abuse       0.95 (0.57-1.58) 0.79 

Former smoker       1.72 (0.36-8.23) 0.50 

Never smoker       0.64 (0.30-1.34) 0.23 

Obesity       1.25 (0.52-2.97) 0.62 

Physical activity       0.72 (0.44-1.18) 0.19 

Hazard ratios and 95% CIs are presented. 

Abbreviations: aHR, adjusted hazard ratio; CES-D, Center for Epidemiological Studies-Depression scale; CHD, coronary heart disease; eGFR, 

estimated glomerular filtration rate; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction. 

*High depressive symptoms on the CES-D (≥16) versus low depressive symptoms (<16). 

 

 

  



Table S7. Multivariate Models of CES-D Depressive Symptoms and Risk of HF Hospitalization in Complete Cases for Women 

 Model 1 Model 2 Model 3 Model 4 

 HR        P value aHR        P value aHR P value aHR P value 

CES-D Depressive 
Symptoms* 

1.70 (0.92-3.13) 0.09 2.00 (1.08-3.73) 0.03 2.03 (1.07-3.87) 0.03 1.94 (1.01-3.74) 0.04 

Demographics         

Age   1.07 (1.05-1.10) <0.001 1.06 (1.03-1.09) <0.001 1.06 (1.02-1.09) 0.002 

Education   0.68 (0.35-1.35) 0.27 0.74 (0.37-1.48) 0.40 0.82 (0.41-1.62) 0.57 

Income   0.89 (0.46-1.72) 0.72 0.95 (0.49-1.86) 0.88 1.02 (0.52-1.98) 0.96 

HF Risk Factors         

Hypertension     1.43 (0.73-2.79) 0.29 1.43 (0.73-2.79) 0.29 

Diabetes     1.88 (0.99-3.54) 0.05 1.88 (0.99-3.54) 0.05 

CHD     2.12 (0.79-5.67) 0.13 2.12 (0.79-5.67) 0.13 

eGFR     0.99 (0.97-1.00) 0.14 0.99 (0.97-1.00) 0.14 

Total cholesterol     1.00 (0.99-1.01) 0.75 1.00 (0.99-1.01) 0.75 

LVEF%     0.98 (0.94-1.02) 0.34 0.98 (0.94-1.02) 0.34 

Lifestyle Factors          



Alcohol abuse       0.87 (0.45-1.68) 0.67 

Former smoker       5.96 (1.07-33.29) 0.04 

Never smoker       0.83 (0.32-2.18) 0.71 

Obesity       1.30 (0.68-2.50) 0.42 

Physical activity       0.58 (0.30-1.12) 0.11 

Hazard ratios and 95% CIs are presented. 

Abbreviations: aHR, adjusted hazard ratio; CES-D, Center for Epidemiological Studies-Depression scale; CHD, coronary heart disease; eGFR, 

estimated glomerular filtration rate; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction. 

*High depressive symptoms on the CES-D (≥16) versus low depressive symptoms (<16). 

 


