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Abstract

Background: To explore the potential correlation between 10-year atherosclerotic cardiovascular disease (ASCVD)
risk and depressive symptoms in a general population.

Methods: A cross-sectional study involving 11,956 permanent residents of Liaoning Province in China 235 years of
age was conducted. Depressive symptoms were assessed with the Patient Health Questionnaire-9 (PHQ-9) while
10-year ASCVD risk was calculated using the tool suitable for China.

Results: Males had significantly higher 10-year ASCVD risk than females (14.2 +10.7% vs. 9.3 +9.1%; P < 0.001) but
lower PHQ-9 score (2.34 +3.13 vs. 3.63 £4.02; P < 0.001). The mean PHQ-9 score increased significantly with
advancing 10-year ASCVD risk category in both males (from 2.03 to 2.61; P for trend < 0.001) and females (from 3.04
to 4.61; P for trend < 0.001), and the increasing trend was more apparent in females (P < 0.001). Pearson correlation
analyses showed that 10-year ASCVD risk positively correlated with PHQ-9 score in both sexes (Ps < 0.001). In
multivariate linear regression analyses adjusting for confounding risk factors, the independent associations of
10-year ASCVD risk with PHQ-9 score were all significant in the total (3 =2.61; P< 0.001), male (3= 1.64; P=0.001),
and female subjects (B =3.71; P< 0.001). Further, the interaction analysis proved the impacts of 10-year ASCVD risk

10-year ASCVD risk in estimating depressive symptoms.

on PHQ-9 score were more apparent in females than males (Ps < 0.001).

Conclusions: The 10-year ASCVD risk was positively associated with depressive symptoms in both males and
females, which was more apparent in the latter. These findings provided some novel data about the value of
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Background

Nowadays, cardiovascular disease (CVD) has become
the leading cause of death and disease burden in China
and world-wide [1, 2]. Great efforts have focused on the
prevention and treatment of CVD. The Framingham
Risk Score has long been proved a strong predictor of
developing coronary heart disease (CHD) and cardiovas-
cular events [3, 4]. And it’s used as a simple tool to
evaluate the 10-year risk of CHD to inform the initiating
of primary prevention. In China, Gu et al. developed and
validated the Chinese atherosclerotic cardiovascular dis-
ease (ASCVD) risk equation based on the China-PAR
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project (Prediction for ASCVD Risk in China) in mul-
tiple contemporary Chinese cohorts [5]. This equation
was suitable for China and popular-used for the predic-
tion of ASCVD risk.

Depression has become a worldwide public health
problem, especially in women [6, 7], which contributes
to an increased risk of disability [8] and mortality [9].
The prevalence of depression is significantly higher in
patients with CVD and its presence increases the risk of
adverse cardiovascular events [10]. Furthermore, depres-
sion has been proved recently to be an independent risk
factor for the incidence of CHD [11] or even ischemic
heart disease [12]. Therefore, it's quite an important
issue to define those with high possibility of depression
so that we could make some strategies to control
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depressive symptoms and prevent its increased risk of
ASCVD.

However, whether the 10-year ASCVD risk is also as-
sociated with depressive symptoms or not has never
been reported, even though the prevalence of depression
was proved to be apparently higher in patients with
CVD [13]. Therefore, the current study was designed to
explore the potential correlation between 10-year
ASCVD risk and depressive symptoms in a large general
Chinese population.

Methods

A multi-stage, random, stratified, cluster-sampling
scheme was performed in this study. The details about
research design, data collection and measurements have
been described previously [14, 15]. This study was ap-
proved by the Ethics Committee of China Medical Uni-
versity, and written consent was obtained from each
participant or the proper proxy.

Study population

A total of 14,016 eligible permanent residents >35 years
of age were invited to participate in the study, and
11,956 agreed and completed the study with a response
rate of 85.3%. The exclusion criteria included pregnancy,
malignant tumor and severe mental disorders (for ex-
ample psychosis).

The patient health Questionnaire-9 score

In this study, we adopted the Patient Health
Questionnaire-9 (PHQ-9) to evaluate depressive dis-
order, which was widely used in primary health settings
as a screening instrument with good reliability and valid-
ity [16—18]. Based on the PHQ-9 tool, the total score
would range from 0 to 27, and the severity of depressive
disorder was then estimated by the level of PHQ-9 score
[19]. And in this study, we conducted the analyses using
PHQ-9 score as continuous scale.

10-year ASCVD risk

The 10-year predicted risk of ASCVD was calculated
using the equations suitable for China developed by Gu
et al. [5]. In the equations, besides the major risk factors
including age, treated or untreated systolic blood pres-
sure (SBP), total cholesterol (TC), high density lipid
cholesterol (HDL-C), current smoking, and diabetes
mellitus, 4 additional variables including waist circum-
ference, geographic region, urbanization, and family his-
tory of ASCVD were added to the equation.

Definitions

In this study, educational level was divided into three
types: primary school or less, middle school, high school
or more. Family income was divided into three levels
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(China Yuan/year): low (< 5000), middle (5000—20,000)
and high (>20,000). As recommended by the Working
Group on Obesity in China, obesity was defined as a
body mass index (BMI) of 28.0 kg/m?* or higher [20]. In
accordance with the JNC 7 Guidelines [21], hypertension
was defined as a SBP =140 mmHg and/or a diastolic
blood pressure (DBP) > 90 mmHg and/or the use of anti-
hypertensive medications. Diabetes mellitus was defined
as a fasting blood glucose (FBG) = 7.0 mmol/L, and/or
being on treatment by the World Health Organization
criteria [22]. The National Cholesterol Education
Program-Third Adult Treatment Panel criteria was
followed for defining dyslipidemia (one of the following
elements: TC > 6.21 mmol/L, HDL-C < 1.03 mmol/L, low
density lipid cholesterol (LDL-C) > 4.16 mmol/L and tri-
glycerides (TG) > 2.26 mmol/L) [23].

Statistical analysis

Data were expressed as mean * standard deviation, per-
centage, correlation coefficient and . Differences be-
tween groups were compared using two-tailed Student’s
t-test, variance analysis or )f test as appropriate. The
mean levels of PHQ-9 score among different 10-year
ASCVD risk categories by sex were calculated and pre-
sented. Univariate general lineal model was used to test
the interaction of sex and 10-year ASCVD risk category
for PHQ-9 score. Pearson correlation analysis was per-
formed to investigate the correlations between 10-year
ASCVD risk and PHQ-9 score by sex and different med-
ical conditions. Univariate and multivariate linear regres-
sion analyses were both conducted to identify the crude
and adjusted linear associations of sex and 10-year
ASCVD risk with PHQ-9 score. Further, the potential
interaction of sex and 10-year ASCVD risk on PHQ-9
score was tested. All statistical analyses were performed
using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA),
and a P < 0.05 was considered as statistically significant.

Results

Characteristics of the study population

Of the 11,956 participants, 896 had incomplete data and
were excluded from the analysis, leaving a total of
11,060 participants (5080 males and 5980 females) with
a mean age of 53.9years. Table 1 presented the
sex-specific baseline characteristics of the study popula-
tion. Differences between males and females were com-
pared using two-tailed Student’s t-test or y* test as
appropriate. As a result, the male subjects were signifi-
cantly older than females (54.4 +10.8 vs. 53.4+10.3; P
< 0.001). They had significantly higher levels of SBP,
DBP, FBG and education, lower levels of BMI, TC,
LDL-C and income, and higher percentage of smoking
and drinking (all Ps < 0.05), whereas, there were no sig-
nificant differences in TG and HDL-C between two



Sun et al. BMC Psychiatry (2019) 19:125

Table 1 Characteristics of the study sample

Variable Male (n=5080) Female (n=5980) P value
Age, years 544+£108 534+103 < 0.001
BMI, kg/m2 247 £35 249+38 0.038
SBP, mmHg 14354225 140.0£240 < 0.001
DBP, mmHg 83.7£11.7 806115 < 0.001
FBG, mmol/L 595+ 163 587+ 161 0011
TC, mmol/L 517+1.04 530+ 1.12 < 0.001
TG, mmol/L 1.65+1.62 162+ 1.34 0.266
HDL-C, mmol/L 1414042 141£034 0.683
LDL-C, mmol/L 2.88+0.79 297+084 < 0.001
Current smoker 2906 (57.2) 980 (16.4) < 0.001
Current drinker 2303 (45.3) 171 (29) < 0.001
Education < 0.001

< Primary school 2134 (42.0) 3405 (56.9)

Middle school 2381 (46.9) 2110 (35.3)

2 High school 565 (11.1) 465 (7.8)
Family income 0016

Low 683 (13.4) 696 (11.6)

Middle 2733 (53.8) 3292 (55.1)

High 1664 (32.8) 1992 (33.3)
PHQ-9 score 234+3.13 363 £4.02 < 0.001
10-year ASCVD risk, % 142 +10.7 93£9.1 < 0.001

Abbreviations: BMI body mass index, ASCVD atherosclerotic cardiovascular
disease, DBP diastolic blood pressure, FBG fasting blood glucose, HDL-C high
density lipid cholesterol, LDL-C low density lipid cholesterol, PHQ-9 Patient
Health Questionnaire-9, SBP systolic blood pressure, TC total cholesterol,

TG triglycerides. Data are expressed as mean + standard deviation or n (%)

groups. It's worth nothing that males had significantly
higher 10-year ASCVD risk than females (14.2 £ 10.7%
vs. 9.3 +9.1%; P< 0.001) but lower level of PHQ-9 score
(2.34 £3.13 vs. 3.63 £ 4.02; P< 0.001).

The sex-specific PHQ-9 score by 10-year ASCVD risk
category

The mean levels of PHQ-9 score by sex and 10-year
ASCVD risk category were presented in Fig. 1. Variance
analysis was used to compare PHQ-9 score at different
10-year ASCVD risk categories. As a result, the mean
PHQ-9 score increased significantly with advancing
10-year ASCVD risk category in both males (from the
lowest of 2.03 to the highest of 2.61; P for trend < 0.001)
and females (from the lowest of 3.04 to the highest of
4.61; P for trend < 0.001). Among each 10-year ASCVD
risk category, the mean PHQ-9 score was significantly
higher in females than males (all Ps< 0.001). Further,
the univariate general lineal model was used to test the
interaction of sex and 10-year ASCVD risk category for
PHQ-9 score, showing significant difference (P < 0.001).
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Fig. 1 The sex-specific PHQ-9 score by 10-year ASCVD risk category.
Error bars represent standard deviation. ASCVD = atherosclerotic
cardiovascular disease; PHQ-9 = Patient Health Questionnaire-9

Pearson correlations between 10-year ASCVD risk and
PHQ-9 score

The sex-specific pearson correlation analyses for associa-
tions between 10-year ASCVD risk and PHQ-9 score
were conducted and presented in Table 2. In both sexes,
10-year ASCVD risk showed significant and positive cor-
relations with PHQ-9 score (Ps< 0.001). Further pear-
son correlation analyses presented various correlation
coefficients according to different medical conditions (all
Ps < 0.05).

Linear relationship between 10-year ASCVD risk and PHQ-
9 score

The univariate and multivariate linear regression ana-
lyses for associations of sex and 10-year ASCVD risk
with PHQ-9 score were performed and presented in
Table 3. Significant correlations of sex and 10-year
ASCVD risk with PHQ-9 score were observed in uni-
variate linear regression (all Ps < 0.001). In the multi-
variate linear regression model, we included 10-year
ASCVD risk, sex, and clinical covariates not in the
10-year ASCVD risk equation including BMI, DBP,
TG, LDL-C, drinking, education and income. As a re-
sult, the independent association of 10-year ASCVD
risk with PHQ-9 score remained in the total ( =2.61;
P< 0.001), male (p=1.64; P=0.001), and female sub-
jects (p=3.71; P< 0.001). The independent influence
of sex on PHQ-9 score was also significant (P
< 0.001). Finally, we tested the interaction of sex and
10-year ASCVD risk in both wunivariate and
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Table 2 Pearson correlations between 10-year ASCVD risk and PHQ-9 score
Male Female
Correlation coefficient P value Correlation coefficient P value

Al 0.079 < 0.001 0.131 < 0.001
Age, years

<60 0.051 0.003 0.087 < 0.001

260 0.062 0.015 0.064 0.009
Obesity

Yes 0.126 < 0.001 0.141 < 0.001

No 0.074 < 0.001 0.136 < 0.001
Hypertension

Yes 0.101 < 0.001 0.115 < 0.001

No 0.043 0.036 0.100 < 0.001
Diabetes

Yes 0.095 0.033 0.082 0.036

No 0.064 < 0.001 0.120 < 0.001
Dyslipidemia

Yes 0.116 < 0.001 0.133 < 0.001

No 0.045 0.0M 0.121 < 0.001

Abbreviations: ASCVD atherosclerotic cardiovascular disease, PHQ-9 Patient Health Questionnaire-9

multivariate linear regression models, showing that
sex had significant influence on the associations be-
tween 10-year ASCVD risk and PHQ-9 score with
larger regression coefficients in females (Ps < 0.001).

Discussion

The results of this study indicated that the mean level of
PHQ-9 score increased with advancing ASCVD risk cat-
egory in both sexes, and the trend was more apparent in
females than males. 10-year ASCVD risk positively cor-
related with PHQ-9 score with larger regression

Table 3 Sex-specific linear regression analyses for associations
between 10-year ASCVD risk and PHQ-9 score

Model 1 Model 2
B P value B P value
All
Sex* 1.29 < 0.001 1.19 < 0.001
10-year ASCVD risk 217 < 0.001 261 < 0001
Male
10-year ASCVD risk 2.31 < 0.001 1.64 0.001
Female
10-year ASCVD risk 5811 < 0.001 371t < 0.001

Abbreviations: ASCVD atherosclerotic cardiovascular disease, PHQ-9 Patient
Health Questionnaire-9

Model 1: univariate linear regression model; Model 2: multivariate linear
regression model including 10-year ASCVD risk, gender, body mass index,
diastolic blood pressure, triglyceride, low density lipid cholesterol, drinking,
education, and income

*:"0" for male and “1” for female in the analysis

1:P < 0.001 for gender difference

coefficients in females. Sex had significant effects not
only on PHQ-9 score but also on the associations of
10-year ASCVD risk and PHQ-9 score. These findings
firstly provide some data about associations between
10-year ASCVD risk and depressive symptoms in a gen-
eral population.

Recent studies demonstrated that depression was posi-
tively associated with both CVD incidence among
healthy individuals [24] and adverse cardiovascular
events among patients with established CVD [25, 26].
Therefore, great efforts were conducted to make clear of
the epidemiological characteristics of depression and to
make population-based prevention strategies. Accord-
ingly, depression was reported to be quite common
among patients with CVD [27]. Similarly, the prevalence
of depression was significantly higher in patients with
heart failure [28], hypertension [29], diabetes [30], stroke
[31] than healthy population. Thus, high prevalence of
depression was presented among patients with CVD.
Now, our data firstly indicated that depressive symptoms
was more common in subjects with higher 10-year pre-
dicted risk of ASCVD, suggesting that screening and
controlling of the potential depressive symptoms were
needed among subjects with high risk of ASCVD.

The equation found by Gu et al. has been used widely
as a tool suitable for China to assess the incidence risk
of ASCVD, which was calculated based on age, treated
or untreated SBP, TC, HDL-C, current smoking, diabetes
mellitus, waist circumference, geographic region,
urbanization and family history of ASCVD [5]. Previous
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studies have demonstrated that advancing age [7, 32],
smoking [33], low HDL-C [34] and high SBP [28] were
mostly correlated with depression although serum TC
and depression might be inversely related [35]. There-
fore, depression and ASCVD have some co-existing risk
factors, which might partially explain the positive rela-
tionship between 10-year predicted risk and depressive
symptoms in our current study. Further, health behav-
iors, inflammatory processes and heart rate variability
might be the potential mechanisms that actually medi-
ated the incidence of ASCVD and depression [36, 37].

However, some limitations are existing in our study.
First, there was only PHQ-9 tool assessing depressive
symptoms but no clinical diagnosis of depression by a
psychiatrist. Second, the number of participants in some
subgroups was relatively small so that an unintentional
bias might be brought. Third, the current study was part
of NCRCHS, and only rural Chinese subjects >35 years
of age were included. In addition, covariates in the
current study were relatively limited and some other
possible covariates might give a bias.

Conclusions

10-year ASCVD risk was positively associated with de-
pressive symptoms in both males and females. And more
apparent impacts of 10-year ASCVD risk on PHQ-9
score were observed in females. These findings provided
some novel insights into the value of 10-year ASCVD
risk in estimating depressive symptoms. Much attention
should be paid to depressive disorders among subjects
with high 10-year ASCVD risk.

Abbreviations

ASCVD: atherosclerotic cardiovascular disease; BMI: body mass index;
CHD: coronary heart disease; CVD: cardiovascular disease; DBP: diastolic
blood pressure; FBG: Fasting blood glucose; HDL-C: high density lipid
cholesterol; LDL-C: low density lipid cholesterol; PHQ-9: Patient Health
Questionnaire-9; SBP: systolic blood pressure; TC: total cholesterol;

TG: triglycerides
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