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Background: Depression has been linked to a worse prognosis of Cardiovascular disease 
(CVD), and these two diseases share a variety of common risk factors such as unhealthy 
lifestyles and chronic medical conditions. However, the potential role of these common risk 
factors in modulating the association between depression and CVD mortality and whether the 
co-occurrence of depression and a specific common risk factor has a cumulative impact on 
CVD mortality are still largely unknown.
Methods: We pooled data from 2005–2014 of Nation health and nutritional examination 
survey, leading to a study population of 22,177 adults. The Patient Health Questionnaire was 
employed to assess the depression symptoms, and information on CVD mortality was 
obtained from the linked mortality file of NHANES. Fourteen common risk factors of 
depression and CVD were included in this study.
Results: Based on the interaction analyses, we found overweight was protective for the risk 
of CVD death in depressive participants, but not in people without depression. Moreover, 
relative risk-based analyses indicated a mutually promotive effect of depression and baseline 
CVD or living alone on CVD mortality.
Conclusion: The novel findings in our study may facilitate risk stratification in the clinical 
programs targeting CVD mortality and help to shed light on the differential pathophysiolo-
gical mechanisms in the depression-mediated elevation of CVD mortality.
Keywords: depression, cardiovascular disease mortality, epidemiology, NHANES

Introduction
Depression is a major psychiatric disorder involving emotional dysfunction and 
reduced life quality and has a deleterious effect on physical health.1 Cardiovascular 
disease (CVD) is one of the major causes of death at a global level.2 These two public 
health issues currently become the most common causes of disability in high-income 
countries according to the recent reports of World Health Organization.3

Depression can promote the occurrence of CVD, accelerate the pathogenesis, and 
lead to undesirable outcomes.1,3 These two diseases share a variety of common risks 
such as unhealthy lifestyles and chronic illnesses.4 People with depression normally 
present unhealthy lifestyles like sedentariness, drinking, or smoking,5 which also 
serve as CVD risk factors.1 Besides, living alone and self-rated health were linked 
with both depression and a higher risk of CVD.6–9 Moreover, people with depression 
are more likely to develop chronic diseases such as diabetes, high blood pressure and 
stroke,4,10 which may potentially contribute to increased CVD mortality.11–13 Despite 

Correspondence: Sen Li  
School of Life Sciences, Beijing University 
of Chinese Medicine, Beijing, People’s 
Republic of China  
Email senli@bucm.edu.cn

submit your manuscript | www.dovepress.com International Journal of General Medicine 2021:14 441–449                                                441

http://doi.org/10.2147/IJGM.S292140 

DovePress © 2021 Jia and Li. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-4496-5050
mailto:senli@bucm.edu.cn
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


the crucial role of these common risk factors played in the 
pathogenesis and prognosis of depression and CVD, their 
potential contributions in mediating and modulating the 
association between depression and CVD mortality are 
still largely unknown. Thus, we perform the current study 
to illustrate (1) whether the relationship between depression 
and CVD mortality could be modulated by a certain risk 
factor, and (2) whether the co-occurrence of depression and 
a specific risk factor has a cumulative impact on CVD 
mortality. Our results may shed light on the optimized 
allocation of scarce supportive care resources for the pre-
vention of CVD deaths in depressed people.

Methods
Cohort
We pooled data from 2005–2014 of The Nation health and 
nutritional examination Survey (NHANES). Information 
on CVD mortality is obtained from the public-use docu-
mentation for linked mortality recorded in the national 
death index (NDI) death certificate. Of the 49,116 partici-
pants who were interviewed between 2005–2014, 26,517 
had missing information for the depression and demo-
graphic status. Besides these participants, we also 
excluded individuals who lost to follow-up or did not 
have information about other confounders. Please see 
Figure 1 for participants enrollment flowchart.

Depression
The Patient Health Questionnaire (PHQ) was employed to 
examine the depression symptoms, and a cutoff score of 
15 or higher has been defined as major depression.14,15

CVD Mortality
The CVD death information used in the study was based 
on the specific cause of death in the linked mortality file. 
Participants with missing death information at the end of 
follow-up or died from other causes were censored.

Common Risk Factors
The 14 common risk factors included in this study were 
reported to be associated with either depression or baseline 
CVD/CVD death rate. They were generalized into health 
indicators and status of chronic diseases, which contained 9 
and 5 risk factors, respectively. Health indicators included 
living alone, self-rated health, sleep duration, sleep quality, 
smoking, alcohol use, sedentary status, BMI and waist cir-
cumference (WC). Chronic diseases included cardiovascular 

disease, diabetes, cancer, hypertension and cerebrovascular 
disease, and were derived from self-reported data.

Demographic Variables
Demographic information that we employed in this study 
was collected by respondent self-report at baseline: gen-
der, age in years, race, education, poverty income ratio.

Statistical Analysis
A Chi-square test was employed to examine the possible 
difference in baseline variables between people with and 
without depression. Logistic regression was employed to 
assess the association between depression/baseline CVD 
and each of the 14 common risk factors. Hazard ratios were 
calculated using the Cox proportional hazards (PH) regres-
sion without and with sequential multivariable adjustment. 
Schoenfeld’s residuals were used to evaluate the proportional 
hazards assumption in all models, and the covariates that 
violate the PH assumption were incorporated in the stratified 
COX regression. To account for the effect of non-CVD 
mortality, we employed fine and grey model for competing 
risk analysis. We used the “Survminer” package to visualize 
the cumulative incidence curves in R. The statistical analyses 
of this study were carried out using SAS 9.4 (SAS Institute 
Inc., Cary, NC, USA).

Results
Weighted distribution of sample characteristics at baseline 
is shown in Table 1. In general, the depressive individuals 
were more likely to be female, 40–59 years, non-white 
ethnicity, to have less education and income below med-
ian. The median follow-up time was 68 months in this 
study. We first investigated the contribution of depression 
on CVD mortality and found that participants with depres-
sion had higher CVD mortality (HRadjusted=1.99; 95% CI: 
1.16, 3.43). Considering that a variety of risk factors may 
mediate and modulate the association between depression 
and CVD mortality, we included 14 known common risk 
factors of depression and CVD in the current study.1,4 

A multiplicative interaction term between depression and 
each of the 14 risk factors was added to the main model of 
cox regression, which suggested a significant interaction 
effect between depression and BMI or WC on CVD mor-
tality (Pinteraction=0.03 and 0.01, respectively). This was 
further confirmed by results of cox regression in depres-
sion-stratified subpopulations that BMI or WC was only 
significantly associated with CVD mortality in depressive 
participants, but not in people without depression 
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(Supplementary Tables 1 and 2). Analyses of the covari-
ate-adjusted dose-response relationship between BMI/WC, 
as continuous variables, and CVD mortality by three-knot 

restricted cubic splines consistently indicated that the rela-
tive hazards of CVD death rate decreased with increasing 
BMI/WC levels in depressive people (Figure 2).

Figure 1 Participants enrollment flowchart including exclusion criteria-NHANES 2005–2014.
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The relative risk-based cumulative effect of depression 
and each of the 14 risk factors on CVD mortality was 
subsequently analyzed. As expected, the coexistence of 

depression and baseline CVD presented a higher risk for 
CVD mortality than those with only depression or baseline 
CVD (Figure 3, Supplementary Table 3). Similar results 

Table 1 Weighted Baseline Characteristics of the Study Population-NHANES 2005–2014

Variables Status Overall Depression P value

Yes No

N % SE N % SE N % SE

Gender Male 10,891 48.76 0.33 241 34.02 2.25 10,650 49.18 0.33 <0.01

Female 11,286 51.24 0.33 487 65.98 2.25 10,799 50.82 0.33

Age 20–39 years 7753 37.05 0.74 216 33.80 2.28 7537 37.14 0.77 <0.01
40–59 years 7268 38.47 0.51 335 49.80 2.27 6933 38.15 0.52

60–79 years 5906 20.68 0.50 162 14.44 1.10 5744 20.85 0.51

≥80 years 1250 3.80 0.18 15 1.96 0.51 1235 3.85 0.19
Race White 10,483 70.50 1.46 329 63.89 2.72 10,154 70.69 1.46 <0.01

Black 4680 10.79 0.78 161 14.40 1.63 4519 10.69 0.77

Others 7014 18.71 1.07 238 21.70 2.21 6776 18.63 1.06
Education <High school 5424 16.32 0.68 267 27.93 2.13 5157 15.99 0.69 <0.01

=High school 5110 22.78 0.59 186 28.24 2.29 4924 22.62 0.58

>High school 11,643 60.90 1.04 275 43.83 2.78 11,368 61.39 1.04
PIR <1 4605 13.88 0.61 309 33.86 2.19 4296 13.31 0.59 <0.01

1≤PIR≤median 8063 30.60 0.70 301 40.39 2.06 7762 30.32 0.70

>Median 9509 55.53 1.05 118 25.76 2.26 9391 56.37 1.04

Abbreviations: PIR, poverty-income ratio; CVD, cardiovascular disease; N, number; %, weighted percent; SE, standard error.

Figure 2 Adjusted dose–response association between BMI/WC and risk for CVD mortality in participants with (A) and without (B) depression. Y-axis represents the 
adjusted hazard ratio of CVD mortality for a given BMI/WC value compared with a referent level of 5th percentile of its distribution. The model was adjusted for age, sex, 
race/ethnicity, education and poverty income ratio.
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Figure 3 Multivariable-adjusted hazard ratio for CVD mortality by statuses of depression and each of the 14 common risk factors. The model was adjusted for age, sex, 
race/ethnicity, education, poverty income ratio, smoking, alcohol use, activity, BMI, period, congestive heart failure, coronary heart disease, angina, angina pectoris, heart 
attack, diabetes, high blood pressure or hypertension, cancer or malignancy of any kind, and stroke.
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were found for living status (Figure 3, Supplementary 
Table 3), indicating the mutually promotive effect of 
depression and these risk factors on CVD mortality. It is 
noted that the results of these analyses did not survive 
Bonferroni multiple testing correction. Interestingly, 
depressive participants with higher BMI or WC had 
a significantly lower relative risk for CVD mortality com-
pared to those with depression and normal BMI or WC 
(Supplementary Table 3), suggesting that overweight 
(represented by higher BMI/WC) was a protective factor 
for CVD mortality in depressive people. Similar results 
from cox regression were obtained after accounting for 
potential competing risk of death from other causes 
(Supplementary Table 4). The cumulative incidence curves 
(CIC) and weighted CVD mortality according to statuses 
of depression and risk factors also presented trends that 
were consistent with cox regression (Figure 4).

Discussion
Depression can cause adverse effects on cardiovascular health 
in clinical and sub-clinical aspects,16,17 while CVD also 
increases the risk of depression through physical or biological 
changes.18 This two-way spiral relationship between depres-
sion and CVD reflected not only the onset of the disease but 
also its progression.1 Considering that there is no systematic 
analysis of how the association between depression and CVD 
mortality is regulated by their common risk factors, we con-
ducted this research to explore whether this relationship is 
modulated by a specific factor and whether the coexistence 

of depression with a specific risk factor has a cumulative effect 
on CVD mortality.

Health indicators have been proposed to interplay with 
depression and cardiovascular risk.19–21 For example, peo-
ple with depression are less likely to engage in healthy 
behaviors, which may contribute to an increased risk of 
CVD22–24 and its poor outcomes.6 Moreover, living alone 
is associated with both depression7,8 and CVD mortality.9 

Interestingly, we found depression and living alone were 
mutually promotive for CVD mortality by relative risk- 
based analyses (Figure 3, Supplementary Table 3). Poor 
drug compliance resulting from living alone has been 
reported, which indirectly leads to negative health conse-
quences in this population.25 Having family members 
reminded them to take their medication is beneficial to 
CVD treatment in people with depression.26 Thus, living 
alone may exaggerate CVD and elevated CVD mortality in 
depressive people due to insufficient drug compliance.26 

Furthermore, about 70% of people with depression are 
reported to lack help-seeking behavior.27 Therefore, 
among people who live alone, depressive participants 
may be less likely to seek help during acute diseases, 
such as acute myocardial infarction, leading to a higher 
CVD mortality compared to people without depression.

Lipid disorders and abdominal obesity are important driv-
ing forces in the relationship between depression and CVD. 
Abdominal adipose tissue produces cytokines or hormones, 
some of which, such as leptin, have been shown to affect 
hippocampal and cortical structures,28 which is consistent 
with the clinical observation that metabolic abnormality 

Figure 4 Survival curves (A) and weighted CVD mortality (B) by statuses of depression and living alone, BMI, WC or baseline CVD.
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caused by abdominal obesity will keep patients depressed.18 

Furthermore, obesity has been linked to many risk factors of 
CVD, such as elevated blood pressure, and has direct effects 
on the structure of the heart.29 A significant interaction 
between depression and BMI or WC on CVD mortality had 
been identified in our study, indicating the influence of these 
common risk factors on CVD mortality varied with depression 
status (Supplementary Table 1). Moreover, our relative risk- 
based analyses indicated that CVD mortality was significantly 
lower in participants with both depression and high BMI/WC 
compared to those with depression and low BMI/WC, sug-
gesting the protective role of overweight on CVD mortality in 
depressive people (Figure 3, Supplementary Table 3). One 
explanation of our observation comes from an epidemiologic 
consensus called the obesity paradox, which indicates that 
obese people do not show worse results when certain adverse 
events occur.30,31 For example, compared with thin or normal- 
weight patients, patients who are overweight or even moder-
ately obese have a lower risk of death.32 Moreover, higher 
body weight means better nutrition or higher metabolic 
reserve33 and better cardiorespiratory fitness,29 which may 
contribute to a better CVD prognosis in depressive people. 
Furthermore, obese patients are generally considered to be at 
high risk for disease prognosis, making them have better 
health management or a more active treatment attitude.34

Depression has been reported as an effective predictor of 
CVD or diabetes.35,36 However, evidence of whether these 
chronic diseases combined with depression contribute to 
higher CVD death rate is less investigated. Thus, the poten-
tial cumulative effect of depression and five chronic diseases 
on CVD mortality was further analyzed. As expected, the 
coexistence of depression and baseline CVD presented 
a more substantial adverse effect on CVD death than parti-
cipants with depression or baseline CVD alone, indicating 
depression and baseline CVD were mutually promotive for 
CVD mortality. It has been reported that patients with both 
diabetes and depression have a higher mortality rate from 
coronary heart disease than those who are depressed, but not 
diabetic (HR=1.88; 95% CI: 1.23, 2.87).10 A nested case- 
control study on patients with type 2 diabetes showed that 
depression is associated with increased risk of cardiovascular 
death even after adjustment of non-persistence to antidiabetic 
drug treatment.37 We found diabetes further increased CVD 
mortality in depressive participants with marginal signifi-
cance after multivariable adjustment (P=0.054). A cohort 
study showed that patients with both hypertension and 
depression have increased mortality from the ischemic 

heart disease (HR=1.59; 95% CI: 1.08, 2.34) compared to 
people without hypertension and depression, which is 
slightly higher than those who are depressed, but not hyper-
tensive (HR=1.54; 95% CI: 1.01, 2.36).38 We consistently 
observed a moderate increase in CVD mortality in sampling 
persons with both hypertension and depression compared to 
those with depression only (Figure 3). Similar results were 
obtained for CeVD, but participants with both depression and 
cancer had a non-significantly reduced CVD mortality com-
pared to depressive participants without cancer (Figure 3). 
Identical results were also obtained by using a competing risk 
model, which excluded the possible bias from other compet-
ing events (Supplementary Table 4). Thus, CVD-related 
chronic diseases generally increased CVD mortality in peo-
ple with depression in our study population. This is consis-
tent with the notion that patients with depression are more 
likely to develop fatal CVD events after developing certain 
types of chronic disease.4 One explanation of our observation 
is that depression may hinder the pursuit of treatment in 
patients with chronic diseases, such as seeking medical atten-
tion promptly, taking the medication regularly, or choosing 
healthy behaviors,39,40 leading to an increased CVD risk as 
a comorbidity of these chronic diseases. Our study has sev-
eral limitations. First, the study variables were categorized as 
binary variables, and thus the severity of chronic diseases 
was not considered. Second, the status of chronic diseases 
was based on participants’ self-reports. Another limitation of 
this work is that the information of common risk factors was 
only obtained at baseline, and the changes of these risk 
factors during the follow-up period were not available. 
Despite these limitations, the current study used nationally 
representative data from a 10-year follow-up cohort to com-
prehensively evaluate the effect of 14 risk factors on the 
complicated relationship between depression and CVD mor-
tality, which were unprecedented in previous reports.

Conclusion
The relationship between depression and CVD mortality is 
complex, and the present study revealed that BMI and WC 
played a moderating role in this relationship. Moreover, 
baseline CVD or living alone promoted CVD mortality in 
the coexistence of depression while overweight was protec-
tive for the risk of CVD death in depressive participants. The 
novel findings in our study may facilitate risk stratification in 
the clinical programs targeting CVD mortality, and help to 
shed light on the differential pathophysiological mechanisms 
in the depression-mediated elevation of CVD mortality.
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