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Background: We aimed to evaluate the association between depression and major
cardiovascular events and test whether the relationship between depression and
cardiovascular events is influenced by lifestyle or metabolic risk factors.

Methods: The China Cardiometabolic Disease and Cancer Cohort (4C) Study was a
nationwide, multicenter, prospective cohort study. About 92,869 participants without
cardiovascular disease or cancer at baseline were included. Depression status was
evaluated by the Patient Health Questionnaire-9 (PHQ-9). Lifestyle information was
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collected by the questionnaire, and metabolic risk factors including waist circumference,
blood pressure, lipid profiles, and plasma glucose were measured. Major cardiovascular
events including cardiovascular death, myocardial infarction, stroke, and hospitalized or
treated heart failure events were validated based on medical records.

Results: During an average of 3.8 years of follow-up, we detected 2,076 cardiovascular
events and showed that participants with depressive symptoms had an increased risk
for cardiovascular events after adjustments [hazard ratio (HR): 1.29; 95% confidence
index (CI): 1.08–1.53]. Stratified on metabolic risk status, the relationship between
depression and cardiovascular events tended to be stronger according to the increasing
numbers of metabolic risk factors, with HR (95% CI) of 0.98 (0.72–1.35) in the category
with 0–2 metabolic risk factors, 1.36 (0.996–1.87) and 1.47 (1.13–1.92) for those with 3,
and 4–5 metabolic risk factors, respectively, indicating an interaction effect (P = 0.039).

Conclusion: Depression was independently associated with an increased risk of major
cardiovascular events. The effect was particularly prominent among populations at
higher metabolic risk.

Keywords: depression, lifestyle risk factor, metabolic risk factor, major cardiovascular event, prospective
cohort study

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mortality
worldwide (1). Numerous, but not all, studies have illuminated
that major depressive disorders, and even the presence of minor
depressive symptoms, increased the risk of CVD events in
general populations as well as in populations with diabetes,
hypertension, or coronary artery disease (2–7). Depression
is the most common psychiatric disturbance, with various
prevalence and prognosis in countries with different economic
levels (8). Recently, China’s rapid economic development has
dramatically changed the socioeconomic status, behavior, and
disease spectrum of people, and also influenced their mental
health. However, evidence regarding the association between
depression and CVD risk was largely reported by studies
conducted in Western populations; few studies have evaluated
such association in Chinese populations, and with controversial
findings (9–11).

Moreover, the depression status is affected by unhealthy
lifestyle habits and metabolic abnormality, all of which are
predominant risk factors for CVD. Previous studies have found
that the population with adverse lifestyle and metabolic factors is
more likely to experience depressive mood, but specific lifestyle
or metabolic factors can only partially explain the increased risk
of CVD attributed to depression (2, 5, 12–15). Actually, it is still
unclear whether the collective status of lifestyle and metabolic
risk factors may modify the association between depression and
subsequent risk of major CVD events.

Therefore, based on a large-scale, population-based,
nationwide, prospective cohort study of Chinese community
residents, we evaluated the association between depression
and major CVD events in adults, middle-aged, or older, and
tested whether the relationship between depression and CVD is
influenced by lifestyle or metabolic risk factors.

MATERIALS AND METHODS

Study Design and Population
The China Cardiometabolic Disease and Cancer Cohort (4C)
Study is an ongoing prospective study to investigate the
association of metabolic risk factors with clinical outcomes
including CVD among the Chinese population aged 40 years
or older. The rationale of the 4C Study has been described
in the previous publications of this study (16–19). Briefly,
the baseline survey was conducted in 2011–2012, and 193,846
participants were recruited from 20 communities covering 16
provinces in Mainland China. The follow-up visit was conducted
between 2014 and 2016, with an average follow-up of 3.8 years.
Totally, 170,240 participants (87.8%) participated in the follow-
up survey. For the current analysis, 11,681 with CVDs or
2,556 with cancer at baseline were excluded. Furthermore,
46,531 without data regarding depression status, lifestyle, and
metabolic risk factors at baseline and 16,603 without verified
data on incident cardiovascular events during the follow-up were
excluded, leaving 92,869 participants for the current analysis. The
age and sex composition of the 92,869 study participants were
generally similar to those who were excluded due to missing data
(Supplementary Figure 1).

The 4C Study was approved by the Ethical Review Committee
of Ruijin Hospital (RUIJIN-2011-14). Written informed consent
was obtained from all study participants.

Data Collection and Definition
Data collection was conducted face-to-face at baseline and
during the follow-up visit. Trained staff performed standardized
questionnaires to collect information on socioeconomic status,
lifestyle, and medical history. Education attainment was classified
as less than high school (< 9 years) and high school or above
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(≥ 9 years). Marital status was classified into 3 groups: married,
single, and other marital status (divorced or widowed). Dwelling
status was classified into 2 groups: living alone and living
with a spouse or other family members. Smoking status was
classified into 2 groups: ever smoking or not. Alcohol intake
was classified into two categories based on the recommendation
for CVD health by sex: (1) Ideal alcohol intake: 5–29.9 g/day
for men and 5–14.9 g/day for women; (2) non-ideal alcohol
intake: participants who did not meet the above criteria (20).
Physical activity level was classified into two categories: (1)
Ideal physical activity: ≥ 150 min/week moderate intensity or
≥ 75 min/week vigorous intensity or ≥ 150 min/week moderate
and vigorous intensity; (2) Physical inactivity: < 150 min/week
moderate intensity or < 75 min/week vigorous intensity or
< 150 min/week moderate and vigorous intensity (21). A food
frequency questionnaire was used to evaluate the habitual dietary
intake in the previous 12 months. The healthy diet score
included the following four components: fruits and vegetables
≥ 4.5 cups/day, fish ≥ two 3.5 oz servings/week, sweets/sugar-
sweetened beverages ≤ 450 kcal/week, and soy protein ≥ 25 g/day
(22). An unhealthy diet was defined as a healthy diet score ≤ 1.
We defined lifestyle risk status on the basis of these four lifestyle
factors: unhealthy diet, physical inactivity, non-ideal alcohol
intake, and current smoking, according to previous evidence in
relation to CVD risk. The number of lifestyle factors was summed
and classified into three groups to represent the collective lifestyle
risk status: 0–1, 2, and 3–4 lifestyle risk factors.

Body weight, height, and waist circumference were measured
according to a standard protocol. Three blood pressure
measurements were obtained by trained observers using a
calibrated automatic electronic device (OMRON Model HEM-
7071) and the average of the three readings was used for the
analysis. Blood samples were collected from all participants
after an overnight fasting of 10–12 h. Blood glucose was
measured at local hospitals using a glucose oxidase or hexokinase
method within 2 h after blood sample collection under a
stringent quality control program. All regional laboratories
in this study have regularly participated in the proficiency-
testing program and achieved the certification of external quality
assessment (EQA) for glucose measurement by the National
Center for Clinical Laboratories of the People’s Republic of China.
All local study laboratories underwent a 5-day performance
standardization process for glucose measurement. Test results
were evaluated by experienced laboratory experts independently
at the central laboratory, and only the local laboratories which
passed the standardization program were qualified to perform
study plasma glucose tests. During the study, inter-laboratory
and intra-laboratory quality control assessments were conducted
on each of the testing days. If the laboratory failed the internal
quality control assessment, causes were identified, appropriate
modifications were applied, and all blood samples were re-
tested. Lipid profiles and serum creatinine were measured at
the study central laboratory, which is certified by the College
of American Pathologists (CAP), strictly following the quality
control procedures of the laboratory. Serum samples were
aliquoted into 0.5 mL Eppendorf tubes within 2 h and shipped
by air in dry ice to the Study Central Laboratory at the

Shanghai Institute of Endocrine and Metabolic Disease. The
Laboratory has regularly participated in the proficiency-testing
program and passed the Laboratory Accreditation Program of
the CAP. Total cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol (HDL-C), and triglycerides
(TGs) were measured using enzymatic methods with an auto-
analyzer (ARCHITECT ci16200 System, Abbott Laboratories,
IL, United States). Estimated glomerular filtration rate (eGFR)
was calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation (20).

According to the widely used Adult Treatment Panel-III (ATP-
III) criteria, the metabolic health status was determined based
on the presence of the components of metabolic syndrome:
(1) central obesity: waist circumference ≥ 90/80 cm in men or
women; (2) high triglycerides: triglycerides level ≥ 1.69 mmol/L
(150 mg/dL); (3) low HDL-C: HDL-C level < 1.03 mmol/L
(40 mg/dL)/1.29 mmol/L (50 mg/dL) in men or women; (4)
high blood pressure: blood pressure ≥ 130/85 mmHg or taking
antihypertensive drugs; (5) high glycemia: fasting plasma glucose
level ≥ 5.6 mmol/L (100 mg/dL) or taking hypoglycemic
medications (23). The number of the metabolic syndrome
components was summed and classified into three groups to
represent the collective metabolic risk status: 0–2, 3, and 4–5
metabolic risk factors.

Assessment of Depression Status
Participants underwent a screening by the Patient Health
Questionnaire-9 (PHQ-9), consisting of 9 items asking about the
frequency of symptoms of depression over the past 2 weeks. Each
item was scored on a 0–3 scale to yield a total score ranging from
0 to 27. For the purpose of current analyses, participants who
scored 5 or more were combined into one group as having the
presence of depression symptom (24).

Outcome Ascertainment
Non-fatal major CVD events including myocardial infarction,
stroke, and hospitalized or treated heart failure events during the
follow-up were recorded and supporting clinical documentations
were obtained for blinded adjudication. Deaths and related
causes were collected from local vital registries of the National
Disease Surveillance Point System and National Health Insurance
System. Two members of the outcome adjudication committee
who were masked to the baseline characteristics of each
participant independently reviewed each clinical record and
verified each clinical event. Discrepancies were resolved by
discussion involving other members of the committee. Incident
major CVD event was defined as a composite of non-fatal
myocardial infarction, non-fatal stroke, hospitalized or treated
heart failure events, and cardiovascular deaths.

Statistical Analysis
Baseline characteristics of participants according to baseline
depression status were presented as means with standard
deviations for continuous variables and numbers with
percentages for categorical variables. Since no interactions
were found between sex and depression for the risk of CVD
events (P for interaction = 0.19), pooled analyses were presented.
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In the time-to-event analysis, participants were censored at the
date of CVD diagnosis, death, or the end of follow-up, whichever
occurred first. Person-time was calculated from the enrollment
date to the censoring date for each participant. Missing data for
risk factor variables were deleted from the analyses.

Association of depression status with the risk of incident
major CVD events was evaluated using Cox proportional
hazards models with adjustment for potential confounding
factors including age, sex, urban/rural residence, economic status
of study site, body mass index (BMI), education attainment,
marital status, dwelling status, lifestyle, and metabolic risk
factors. Furthermore, we combined the depression status with
each lifestyle or metabolic risk factor to detect the joint
effect of depression status and other modifiable factors on
major CVD events.

To test whether the collective status of lifestyle or metabolic
risk factors may modify the association between depression and
subsequent risk of major CVD events, the numbers of lifestyle
or metabolic risk factors were summed for each participant
to represent an overall risk status, and were further classified
into three categories (lifestyle risk factors: 0–1, 2, and 3–4 risk
factors; metabolic risk factors: 0–2, 3, and 4–5 risk factors). We
evaluated the association of depression status with incident CVD
events according to lifestyle or metabolic risk status and tested
the multiplicative interaction between depression and risk status
by including the respective interaction term in the model (for
example, depression × lifestyle risk status), with the main effect
included in the models as well.

All reported P-values are nominal and two sided. We used SAS
software, version 9.2, for statistical analyses.

RESULTS

Baseline characteristics of the study population are presented in
Table 1. Among 92,869 participants aged less than or equal to
40 years recruited from communities across Mainland China,
5,576 individuals (6.0%) had depression symptom as categorized
by a high baseline depression score (PHQ-9 ≥ 5). Compared
with those without depression symptom, participants who had
depression symptom were more likely to be female, to be
single, divorced, or widow, to be living alone and had high
school or above education. The depression group had a lower
proportion of current cigarette smokers and participants with
physical inactivity. In addition, participants with the presence
of depression symptom tended to have a lower level of BMI,
waist circumference, and blood pressures. The proportion of
participants with family history of CVD was markedly higher
among those with depression symptom. Levels of other lifestyle
and metabolic risk factors including unhealthy diet, alcohol
intake, fasting plasma glucose, total cholesterol, low-density
lipoprotein cholesterol (LDL-C), HDL-C, triglycerides, and eGFR
did not significantly differ between two groups according to the
depression status.

A total of 2,076 participants in the current data set developed
major CVD events including non-fatal myocardial infarction,
non-fatal stroke, hospitalized or treated heart failure, and

TABLE 1 | Baseline characteristics of the study population according to the
baseline depression status.

Depression symptom P-value

None Presence

No. of participants 87,293 5,576 –

Age at baseline, year 56.2 ± 8.9 56.3 ± 8.5 0.57

Male gender, no. (%) 29,929 (34.3) 1,322 (23.7) < 0.0001

BMI, kg/m2 24.7 ± 3.6 24.3 ± 3.6 < 0.0001

High school or above
education, no. (%)

34,449 (39.5) 2,530 (45.4) < 0.0001

Married, no. (%) 80,135 (91.8) 4,805 (86.2) < 0.0001

Living alone, no. (%) 3,024 (3.5) 403 (7.2) < 0.0001

Family history of CVD,
no. (%)

14,819 (17.0) 1,295 (23.2) < 0.0001

Unhealthy diet, no. (%) 30,380 (34.8) 1,964 (35.2) 0.52

Physical inactivity, no.
(%)

74,735 (85.6) 4,671 (83.8) 0.0001

Ideal alcohol intake, no.
(%)

4,128 (4.7) 260 (4.6) 0.82

Ever smoking, no. (%) 17,231 (19.7) 923 (16.6) < 0.0001

Waist circumference,
cm

84.3 ± 9.7 83.7 ± 10.0 < 0.0001

Systolic blood
pressure, mmHg

131.2 ± 20.0 128.3 ± 20.2 < 0.0001

Diastolic blood
pressure, mmHg

77.9 ± 10.9 76.7 ± 11.0 < 0.0001

Fasting plasma
glucose, mg/dl

107.5 ± 28.9 108.1 ± 31.1 0.099

Triglycerides, mg/dl 116.9 (83.3–171.0) 117.8 (83.3–170.1) 0.61

LDL-C, mg/dl 109.9 ± 33.8 110.0 ± 34.7 0.91

HDL-C, mg/dl 50.8 ± 13.5 50.9 ± 13.7 0.37

Total cholesterol, mg/dl 189.4 ± 44.0 189.4 ± 45.2 0.95

eGFR, ml/min/1.73 m2 96.2 (87.1–103.1) 96.4 (86.9–102.8) 0.93

BMI, body mass index; CVD, cardiovascular disease; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR,
estimated glomerular filtration rate. Values are numbers (proportions),
means ± standard deviations, or medians (interquartile ranges). To convert
the values of cholesterol to millimoles per liter, multiply by 0.02586. To convert the
values of triglycerides to millimoles per liter, multiply by 0.01129. To convert the
values of glucose to millimoles per liter, multiply by 0.05551.

cardiovascular deaths during an average of 3.8 years follow-up.
Table 2 shows that the incidence rate of major CVD events was
significantly higher in participants with depression symptoms
(148 cases, 2.65%, 7.35/1,000 person-years), compared with those
without depression symptoms (1,928 cases, 2.21%, 6.18/1,000
person-years), with a P-value of 0.029. Cox proportional hazards
models showed that participants with depression symptoms had
significantly increased risk for major CVD events after sufficient
adjustments for age, sex, urban/rural resident, economic status,
family history of CVD, socioeconomic factors, lifestyle risk
factors, and metabolic risk factors [the multivariable adjusted
hazard ratio (HR): 1.29; 95% confidence index (CI): 1.08–1.53;
P = 0.004] (Table 2).

For individual lifestyle risk factor, unhealthy diet, physical
inactivity, and current smoking showed significant associations
with major CVD events, with a multivariate-adjusted HR of
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TABLE 2 | Association between depression status and major CVD events.

Depression symptom P-value

None Presence

No. of participants 87,293 5,576 –

Person-years 311,749 20,135 –

Cases (%) 1,928 (2.21) 148 (2.65) 0.029

Incidence rate,/1,000 person-years 6.18 7.35 0.029

Model 1, HR (95% CI) 1.00 (ref.) 1.28 (1.08–1.51) 0.004

Model 2, HR (95% CI) 1.00 (ref.) 1.28 (1.08–1.51) 0.005

Model 3, HR (95% CI) 1.00 (ref.) 1.27 (1.07–1.51) 0.006

Model 4, HR (95% CI) 1.00 (ref.) 1.29 (1.08–1.53) 0.004

Model 1: Adjusted for age, sex, urban/rural residence, and economic status.
Model 2: Further adjusted for education attainment (below high school, high school,
or above), marriage status (married, single, divorced, or widow), dwelling status
(living alone or not), family history of CVD (yes or no), and BMI based on Model 1.
Model 3: Further adjusted for lifestyle risk factors including unhealthy diet (yes
or no), physical inactivity (yes or no), alcohol intake (non-ideal or ideal), and ever
smoking (yes or no) based on Model 2.
Model 4: Further adjusted for metabolic risk factors including central obesity (yes
or no), high triglycerides (yes or no), low HDL-C (yes or no), high blood pressure
(yes or no), and high glycemia (yes or no) based on Model 3.
CVD, cardiovascular disease; HR, hazard ratio; CI, confidence index; HDL, high
density lipoprotein cholesterol.

1.12 (95% CI: 1.02–1.23) for unhealthy diet, 1.22 (95% CI
1.07–1.40) for physical inactivity, and 1.21 (95% CI: 1.07–1.37)
for ever smoking, respectively. As to individual metabolic risk
factor, analyses indicated that the risk increased significantly
for participants with central obesity, high blood pressure, and
high glycemia for major CVD events, with a multivariate-
adjusted HR of 1.14 (95% CI: 1.02–1.27) for central obesity,
1.80 (95% CI: 1.61–2.01) for high blood pressure, and 1.12 (95%
CI: 1.02–1.23) for high glycemia, respectively (Supplementary
Table 1). When combining depression status with individual
lifestyle or metabolic risk factor, associations were generally
stronger in participants who were exposed to both depression and
specific lifestyle or metabolic risk factors (Figure 1). Nevertheless,
compared with never-smokers without depression (considered as
a control group), never-smokers with depression or ever smokers
without depression symptoms showed significantly higher HRs
for major CVD events [1.35 (95% CI: 1.11–1.63) for never-
smokers with depression, and 1.23 (95% CI: 1.08–1.39) for ever
smokers without depression], whereas no significant increased
risk was detected for subjects with both depression and ever
smoking (HR: 1.33; 95% CI: 0.91–1.95) (Figure 1D). In the
combined analysis of depression and high triglycerides, only
subjects with depression but without high triglycerides showed
an increased risk for major CVD events (Figure 1F).

Association of depression status with major CVD events were
stratified by categories according to the number of lifestyle risk
factors (Figure 2A) or metabolic risk factors (Figure 2B). In
particular, the presence of depression symptom was associated
independently and significantly with the risk for major CVD
events only in participants with medium lifestyle risk. The
adjusted HR for the presence of depression symptom was 1.31
(0.74–2.32) in the individuals with 0–1 lifestyle risk factor, 1.41

(1.11–1.8076), and 1.18 (0.90–1.52) for those with 2, and 3–
4 lifestyle risk factors, respectively. With regard to subgroups,
according to the number of metabolic risk factors, the risk related
to the presence of depression symptom tended to be stronger
as the metabolic risk status deteriorates. The adjusted HR was
0.98 (0.72–1.35) in the category with 0–2 metabolic risk factors,
1.36 (0.996–1.87) and 1.47 (1.13–1.92) for those with 3, and 4–
5 metabolic risk factors, respectively. A significant interaction
was observed for depression and metabolic risk status in the
association with major CVD events (P for interaction: 0.039).

DISCUSSION

We found a significant and independent association between
depression and incident major CVD events in a population-
based prospective cohort. Importantly, we reported that the CVD
risk associated with depression was stronger among population
with adverse metabolic risk status, as well as several lifestyle
risk factors. Our findings underline the importance of the
recognition and treatment of depression, especially for those
with unhealthy lifestyle and metabolic abnormality. To our
knowledge, this is the first and the largest epidemiological study
which comprehensively investigated the combined effects of
depression status and the overall lifestyle and metabolic status on
major CVD events.

Previous studies have demonstrated a significant association
of depression with CVD risk, mainly in the Western populations.
Findings from a meta-analysis of 30 prospective studies
reported a 30% of higher risk of coronary heart disease and
myocardial infarction, and indicated a stronger association
between coronary heart disease and depression for participants
from the United States than for participants from Europe;
whereas no statistically significant risk was detected in population
from Hong Kong (9). The Prospective Urban Rural Epidemiology
(PURE) study, conducted in 21 countries, reported that
depression was associated with CVD in middle-income countries,
but not on high- or low-income countries (8). Apparently,
the association between depression and CVD risk differed
by ethnicity and regions due to various social structure,
economic levels, and cultural background. However, studies
from China on the effect of depression on CVD risk were
scarce and provided tentative evidence. Very recently, the China
Kadoorie Biobank (CKB) study suggested that participants
with major depression had an increased risk of ischemic
heart disease (HR: 1.32; 95% CI 1.15–1.53) and provided
the first prospective, population-based evidence in Mainland
China (10). In addition, using data from the CKB study
and Dongfeng-Tongji (DFTJ) study, depression was recognized
to be associated with an elevated risk of all-cause and
CVD mortality (11). Our results from a large prospective
nationwide cohort presented an independently significant risk
of depression symptom, which were in line with the latest
study that further extended the findings by the combinations
of lifestyle and metabolic risk factors, and determined the joint
effects of coexistence of depression and lifestyle and metabolic
status on CVD risk.
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FIGURE 1 | Multivariable-adjusted hazard ratios (HRs) [95% confidence indices (CIs)] for major cardiovascular disease (CVD) events according to the combination of
depression and other lifestyle and metabolic risk factors. (A) Groups according to the combination of depression and unhealthy diet. (B) Groups according to the
combination of depression and physical inactivity. (C) Groups according to the combination of depression and alcohol intake. (D) Groups according to the
combination of depression and smoking status. (E) Groups according to the combination of depression and central obesity. (F) Groups according to the
combination of depression and high triglycerides. (G) Groups according to the combination of depression and low high-density lipoprotein cholesterol (HDL-C).
(H) Groups according to the combination of depression and high blood pressure. (I) Groups according to the combination of depression and high glycemia.
Adjusted for age, sex, education attainment (below high school, high school, or above), marriage status (married, single, divorced, or widow), dwelling status (living
alone, or not), family history of CVD (yes or no), and body mass index (BMI). Individual lifestyle and metabolic risk factors were mutually adjusted. D (–): without
depression symptom; D (+): with depression symptom; R (–): without the specific combined risk factor; R (+): with the specific combined risk factor. *P < 0.05
compared with the reference group.

Several studies have investigated the modification effect
of individual conventional cardiovascular risk factors on the
association between depression and CVD risk and suggested that
unfavorable prognosis in patients with depression can partly be
mediated by some unhealthy habits, such as smoking, physical
inactivity, and poor nutrition (2, 5, 13, 15, 25). Moreover,
stratified analysis demonstrated that the association between
depression and CVD risk was stronger in patients with diabetics
(4). However, the effect of depression with combined lifestyle
and metabolic risk status on CVD risk is not conclusive. In the
current analysis, we focused on nine modifiable conventional

cardiovascular risk factors, including four lifestyle and five
metabolic risk factors. Participants with both depression and
comorbid conventional risk factor had worse prognosis than
those having either depression or comorbid conventional risk
factor. Particularly, we found that depression, together with
physical inactivity conferred higher risk of major CVD events,
which was in line with a previous finding that suggests that
depression could reduce the effectiveness of physical activity in
the prevention of cardiometabolic disorders and added a new
piece of evidence to particularly target ideal physical activity
in people who experience depression to attenuate CVD risk
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FIGURE 2 | Multivariable-adjusted HRs (95% CIs) for major CVD events according to the combination of depression with lifestyle and metabolic risk status.
(A) Groups according to the combination of depression and lifestyle risk status. Adjusted for age, sex, education attainment (below high school, high school or
above), marriage status (married, single, divorced, or widow), dwelling status (living alone, or not), family history of CVD (yes or no), BMI, central obesity (yes or no),
high triglycerides (yes or no), low HDL-C (yes or no), high blood pressure (yes or no), and high glycemia (yes or no). (B) Groups according to the combination of
depression and metabolic risk status. Adjusted for age, sex, education attainment (below high school, high school, or above), marriage status (married, single,
divorced, or widow), dwelling status (living alone, or not), family history of CVD (yes or no), BMI, unhealthy diet (yes or no), physical inactivity (yes or no), alcohol
intake (non-ideal or ideal), and ever smoking (yes or no).

(26). Moreover, we found a significantly larger magnitude of the
association for depression and major CVD events in participants
with higher metabolic risk, and identified a synergistic effect
between metabolic risk status and depression on CVD risk by
presenting a significant interaction. Our findings suggest the need
for a multi-pronged approach to manage psychological, lifestyle,
and metabolic risk in the prevention of CVD, and particularly
highlight the importance of evaluation and promotion of
psychological health, especially in people who have higher
lifestyle and metabolic risk.

According to previous findings, a potential explanation of
the association between depression and CVD risk would be the
probability that people with unhealthy lifestyle habits or with
metabolic disorders were vulnerable to depression. Although our
results indicated that participants with both depression symptom
and specific lifestyle or metabolic risk coffered a higher risk of
major CVD events, data from our baseline characteristics showed
that subjects with depression even had a slightly lower proportion
of physical inactivity and smoking, as well as lower level of
blood pressure, BMI, and waist circumference. In addition, there
is no statistical difference in unhealthy diet, drinking status,
and levels of lipids and glucose across depression status. The
findings that worse metabolic spectrum was not detected in
participants with depression appears to be partly explained by
the fact that we evaluated the depression status and metabolic
risk factors simultaneously, and majority of the participants were
unaware of their metabolic abnormality. Meanwhile, compared
to Western cultures, being little overweight, elderly individuals,
particularly in in Asian cultures, have not been regarded
as unhealthy, which are coincident with previous studies in
Chinese and Korean populations. This could be considered
as supporting the “Jolly Fat” hypothesis (11, 27–29). On the
other hand, we found that the proportion of participants with
family history of CVD was markedly higher among those with
depression symptom, which also suggested that the awareness

of higher risk for cardiometabolic disease is related to the
presence of depression.

The main strengths of this study included a large sample
and the combination of a comprehensive evaluation of lifestyle
and clinical covariates assessed by standardized measurements.
Various limitations have to be addressed. First, the follow-up
duration was relatively short with a mean of 3.8 years, which
would limit the number of CVD events and make it difficult
to conduct further stratified analysis according to age, sex, or
family history of CVD. However, no significant interaction effect
of depression with age, sex, and family history of CVD on CVD
events was detected; and these variables and a wide spectrum
of covariates was included in the adjustment to rule out the
confounding effect. Second, the depression status was defined
according to a screening instrument by a cut-off of PHQ-9 score
≥ 5 to indicate the presence of depression symptoms, rather than
the clinical diagnosis of major depression episode. However, the
PHQ-9 can comprehensively assess each of the nine domains that
define depression and is a highly recommended tool for screening
to reflect early stage depression in general population and in
patients at the high risk of CVD (30).

In summary, depression was independently associated with
an increased risk of CVD events in a large national cohort of
Chinese population aged ≥ 40 years. More importantly, the effect
of depression on CVD risk was stronger among population with
conventional metabolic risk factors. Our findings highlight the
importance of depression screening and management for the
prevention of CVD events, as well as the modification of lifestyle
habits and metabolic conditions.
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