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Purpose: Depressive symptoms and sleep disorders were independent risk factors for
cardiovascular diseases (CVD). However, few studies have examined the combined effects
of depressive symptoms and sleep disorders on CVD. We aimed to evaluate the association
between depressive symptoms, sleep disorders and CVD occurrence.

Methods: Data on 30,398 participants were extracted from the National Health and
Nutritional Examination Survey (NHANES) database (2005-2018). Univariate and multi-
variate analyses were used for assessing the association of depressive symptoms, sleep
disorders, and CVD occurrence. Three indexes, including the relative excess risk of interac-
tion (RERI), attributable proportion of interaction (API), and synergy index (SI), were used
to analyze the interaction.

Results: Of 30,398 participants, 11,544 (37.98%) participants had CVD and 18,854 (62.02%)
did not. Except for gender, the differences were significant between CVD and non-CVD
participants in all variables (all P<0.001). Depressive symptoms [odds ratio (OR)=1.73;
95% confidence intervals (CI):1.57-1.91] and sleep disorders (OR=1.76; 95% CI:1.65-1.88)
were associated with an increased risk of CVD after adjusting all confounders. Patients with
both depressive symptoms and sleep disorders (OR=2.64; 95% CI:2.32-3.00) had a higher risk
of CVD than those without. There may be a synergistic interaction between depression and
sleep disorders on the CVD occurrence (SI=1.763; 95% CI:1.299-2.394), and the proportion of
CVD caused by this interaction was 26.9% (API=0.269; 95% CI:0.148-0.389). In addition,
only moderate depressive symptoms may interact with sleep disorders in the occurrence of
CVD.

Conclusion: There may be a synergistic interaction between depressive symptoms and sleep
disorders, and the synergistic interaction may increase the occurrence of CVD.
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Introduction
Cardiovascular diseases (CVD) are the leading cause of death in the world, and
approximately 18 million people die from CVD every year."* The most important
behavioral risk factors of CVD were unhealthy diet, lack of physical activity, tobacco
use, and alcohol abuse.> A more comprehensive understanding of the risk factors that
can be modified in CVD and their interactions may help prevent CVD. Some
potentially modifiable risk factors for CVD, such as sleep, should be noted.

Sleep disorders including sleep-disordered breathing, insomnia and hypersomnia
have been reported to be related to the occurrence of CVD.* A systematic review and
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meta-analysis found that patients with insomnia symptoms
had a 45% increased risk of developing or dying from CVD
than those without.* In addition, several studies revealed that
depressive symptoms were also associated with the increased
risk of CVD.*® Bucciarelli et al systematically summarized
gender differences in the relationship between depressive
symptoms and CVD.’ Both sleep disorders and depressive
symptoms have been recognized as risk factors for CVD, and
a systematic review indicated that sleep disorders were bidir-
ectionally related to depression.'® Therefore, there may be
pathways between depression and sleep disorders that have
a common effect on CVD, which may greatly increase the
risk of CVD in people who suffer from the both diseases.
However, previous studies have focused on depression and
sleep disorders as independent predictors for CVD.*® Few
studies have assessed the risk of CVD in individuals with
both depressive symptoms and sleep disorders.

The purpose of this study was to evaluate the associa-
tion between depressive symptoms, sleep disorders, and
the risk of CVD based on the National Health and
Nutritional Examination Survey (NHANES) database.
We hypothesized that individuals with both depressive
symptoms and sleep disorders had a higher risk of CVD
than those with independent factors, and that depressive
symptoms and sleep disorders had an interaction effect on
the occurrence of CVD.

Materials and Methods

Study Design and Data Source

This study was a cross-sectional study. All the data were
extracted from the NHANES (2005-2018), a series of
nationally representative cross-sectional surveys of the non-
institutionalized US population, including interviews and
health examinations." The information collected was
designed to assess the incidence of major diseases and dis-
ease risk factors to promote health and prevent diseases.'”
Participants who did not have depression questionnaire data
or sleep disorder data, or lack other information were
excluded. This study did not need to be approved by the
Institutional Review Board of the Affiliated Hospital of
North Sichuan Medical College because the data was
accessed from the NHANES (a publicly available database).

Definition

CVD were defined as suffering from any of the following
diseases, including hypertension, heart failure, angina pec-
toris, coronary heart disease, and heart disease. Sleep

disorders were determined according to the item “Have
you ever told sleep disorders by doctors or professional
health workers” from the NHANES. The measurement of
depressive symptoms was conducted through the Patient
Health Questionnaire 9 (PHQ-9).'® The severity of depres-
sive symptoms was classified into five categories accord-
ing to the PHQ-9 scores, including no depressive
symptoms (0—4), mild depressive symptoms (5-9), mod-
erate depressive symptoms (10-14), moderately-severe
depressive symptoms (15-19), and severe depressive
symptoms (20-27).'* In this study, depressive symptoms
were defined as PHQ-9 scores >10."°

Data Collection

The demographic data of participants were collected, includ-
ing age, gender, body mass index (BMI), ethnicity (Mexicans,
Hispanic, non-Hispanic whites, non-Hispanic blacks, and
others), marital status (married, widowed, divorced/separated,
and unmarried), education levels (< high school, high school,
and > high school), family income (<20,000 $ and >20,000 $),
as well as the history of alcohol consumption and smoking. In
addition, the situation of diabetes mellitus, stroke, sleep dis-
orders, depression and its severity (no, moderate, moderate-to-
severe, and severe), and CVD were also recorded. All included
participants were divided into CVD group and non-CVD
group according to the presence or absence of CVD.

Statistical Analysis
The
expressed as mean + standard deviation (SD), and the

normally distributed measurement data were
t-test was used for comparison between groups; abnor-
mally distributed measurement data were described as
median and quartile [M (Q1, Q3)], and the comparison
between groups was conducted by Mann—Whitney U rank-
sum test. The enumeration data were presented as numbers
and percentages [n (%)], and the Chi-square test or
Fisher’s exact test were used for comparison. The vari-
ables with statistical significance in the univariate analysis
were included in the multivariate logistic regression ana-
lysis to assess the association of depression, sleep disor-
ders and their interactions with CVD occurrence. In
addition, the interaction based on the additive model was
evaluated by three indexes including the relative excess
risk of interaction (RERI), attributable proportion of inter-
action (API), and synergy index (SI).'"® When 0 was con-
tained in the 95% confidence interval (CI) of RERI and
API, or 1 was involved in the 95% CI of SI, there was no
interaction.
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SAS software (version 9.4, SAS Institute Inc., Cary,
NC, USA) was used to analyze the data, and R software
(version 4.2) was used to draw the forest plots with odds
ratio (OR) and interaction schematic diagrams. All statis-
tical analyses were used the two-sided test, and P < 0.05
was considered statistically significant.

Results

Characteristics of Participants

There were 39,822 participants extracted from the
NHANES database between 2005 and 2018. After exclud-
ing 5693 participants with missing depression question-
naire data, 26 with missing sleep disorder data, and 3705
with incomplete information, 30,398 participants were
included in this study. Of these included participants,
14,995 (49.33%) were males and 15,403 (50.67%) were
females; the median age of all participants was 49 (34, 64)
years, and the mean BMI was 29.25 + 7.00 kg/mz; 11,544
(37.98%) participants had CVD, while 18,854 (62.02%)
did not. In addition, 7836 (25.78%) participants had sleep
disorders, and 2637 (8.67%) participants had depressive
symptoms (PHQ-9>10). Among these participants with
depressive symptoms, 1642 (5.40%) had moderate depres-
sive symptoms, 710 (2.34%) had moderate-to-severe
depressive symptoms, and 258 (0.94%) had severe depres-
sive symptoms. The detailed characteristics of all partici-
pants were shown in Table 1.

Difference Between CVD and Non-CVD

Patients

Univariate analysis was used to assess the difference
between CVD and non-CVD patients (Table 2). The
results indicated that patients with CVD had older age
(Z=81.639, P<0.001), BMI (t=36.15,
P<0.001), and occupied a higher proportion of smoking
(1*=261.744, P<0.001), diabetes mellitus (y*=2686.306,
P<0.001), stroke (x°=1030.445, P<0.001), sleep disor-
ders (y*=925.814, P<0.001) and depressive symptoms
(7*=925.814, P<0.001) in comparison with those with-
out. Compared with non-CVD patients, CVD patients
had lower education levels (¥*=107.479, P<0.001),
lower family incomes (¥°=266.503, P<0.001), and no
history of alcohol consumption (¥*=138.355, P<0.001).
In addition, significant differences were also observed

and higher

between CVD and non-CVD patients in ethnicity
(¥*=537.055, P<0.001) and marital status (y’=1917.418,
P<0.001).

Table | Baseline Characteristics of Participants

Variables Total (n=30,398)

Age (years), M (Q,, Q3) 49 (34,64)
Gender, n (%) _

Male 14,995 (49.33)
Female 15,403 (50.67)
BMI, kg/m?, mean # SD 29.25 + 7.00
Ethnicity, n (%) -
Mexican-American 4675 (15.38)
Hispanics 2743 (9.02)
Non-Hispanic whites 13,509 (44.44)
Non-Hispanic blacks 6483 (21.33)
Others 2988 (9.83)
Marital status, n (%) -
Married 15,801 (51.98)
Widowed 2361 (7.77)
Divorced/separated 4394 (14.45)
Unmarried 7842 (25.80)
Education, n (%) -
<high school 7086 (23.31)
High school 7074 (23.27)
>high school 16,238 (53.42)
Family income, n (%) -
<20,000 $ 6498 (21.38)
220,000 $ 23,900 (78.62)

History of alcohol consumption, n (%) 20,944 (68.90)

History of smoking, n (%) 13,880 (45.66)

Diabetes mellitus, n (%) 4025 (13.24)
Stroke, n (%) 1135 (3.73)
Sleep disorders, n (%) 7836 (25.78)
Depression, n (%) 2637 (8.67)
Depression severity, n (%) -

No 27,761 (91.33)

Moderate 1642 (5.40)

Moderately-severe 710 (2.34)

Severe 285 (0.94)
CVD, n (%) -

No 18,854 (62.02)

Yes 11,544 (37.98)

Abbreviations: BMI, body mass index; CVD, cardiovascular diseases.

Association Between Depressive
Symptoms and CVD

The association of depressive symptoms with CVD was
described in Figure 1. The results showed that the risk of
CVD in patients with depressive symptoms was 1.79 times
(OR=1.79; 95% CI:1.65-2.35) that in those without. After
adjusting for age and gender (model 2), the patients with
depressive symptoms had an increased risk of CVD than
those without times (OR=2.21; 95% CI:2.02-2.42). In
addition, the risk of CVD in patients with depressive
symptoms (OR=1.73; 95% CI:1.57-1.91) was still present
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Table 2 Comparison on the Baseline Characteristic of CVD and Non-CVD Patients
Variables CVD (n=11,544) Non-CVD (n=18,854) Statistics P
Age (years), M (QI, Q3) 62 (50, 72) 40 (29, 54) Z=81.639 <0.001
Gender, n (%) 7=2111 0.146
Male 5756 (49.86) 9239 (49.00)
Female 5788 (50.14) 9615 (51.00)
BMI, kg/m?, mean + SD 31.14 £ 7.40 28.11 + 6.47 t=36.15 <0.001
Ethnicity, n (%) 7*=537.055 <0.001
Mexican-American 1316 (11.40) 3359 (17.82)
Hispanics 921 (7.98) 1822 (9.66)
Non-Hispanic whites 5429 (47.03) 8080 (42.86)
Non-Hispanic blacks 3008 (26.06) 3475 (18.43)
Others 870 (7.54) 2118 (11.23)
Marital status, n (%) 7=1917.418 <0.001
Married 6139 (53.18) 9662 (51.25)
Widowed 1632 (14.14) 729 (3.87)
Divorced/separated 2024 (17.53) 2370 (12.57)
Unmarried 1749 (15.15) 6093 (32.32)
Education, n (%) 2*=107.479 <0.001
<high school 2907 (25.18) 4179 (22.17)
High school 2908 (25.19) 4166 (22.10)
>high school 5729 (49.63) 10,509 (55.74)
Family income, n (%) 27*=266.503 <0.001
<20,000 $ 3034 (26.28) 3464 (18.37)
220,000 $ 8510 (73.72) 15,390 (81.63)
History of alcohol consumption, n (%) 7493 (64.91) 13,451 (71.34) 7*=138.355 <0.001
History of smoking, n (%) 5953 (51.57) 7927 (42.04) 7=261.744 <0.001
Diabetes mellitus, n (%) 3015 (26.12) 1010 (5.36) 27°=2686.306 <0.001
Stroke, n (%) 946 (8.19) 189 (1.00) 2*=1030.445 <0.001
Sleep disorders, n (%) 4102 (35.53) 3734 (19.80) 7*=925.814 <0.001
Depression, n (%) 1343 (11.63) 1294 (6.86) 7=205.676 <0.001

when all the confounders (model 3), including age, gender,
BMI, ethnicity, marital status, educational levels, family
income, diabetes mellitus, the history of alcohol consump-
tion and smoking, were adjusted.

Association Between Sleep Disorders and
CvD

Univariate analysis found that the risk of CVD in patients
with sleep disorders was 1.23 times (OR=2.23; 95%

CI:2.12-2.35) greater than those without. The multivari-
ate analysis showed that patients with sleep disorders had
a higher risk of CVD than those without after adjusting
age and gender (OR=2.09; 95% CI:1.97-2.21). When all
the confounders were adjusted, the risk of CVD in
patients with sleep disorders was 0.76 times (OR=1.76;
95% CI:1.65-1.88) higher than those without. The asso-
ciation of sleep disorders with CVD is shown in
Figure 2.

Logistic Regression Forestplot

Variables Modell Model2 Model3
OR (95%(CTI) Pvalue OR (95%CI) P value OR (95%CI) P value
Depression B Modell
no Ref Ref Ref W Model2
yes 1.787 (1.649-1.936)  <0.001 2.207 (2.016-2.416) <0.001 1.733(1.569-1.915) <0.001 —_— =t @l Model2

Note: Modell: single factor Logistic regression analysis
Model2: adjustment age,gender

T T T T T T 1
15 175 2 225 25 275 3
Odds Ratio

Model3: adjustment age,gender, BMI,Race,marital status, education level, annual family income,

history of alcohol use, smoking, diabetes, stroke

Figure | Logistic regression forest plot of the association of depressive symptoms with cardiovascular diseases (CVD).
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Logistic Regression Forestplot
Variables Modell Model2 Model3
OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value
Sleep disorders W Modell
no Ref Ref Ref —a==— [l Model2
yes 2.232(2.118-2.352) <0.001 2.088 (1.968-2.214) <0.001 1.763 (1.654-1.879) <0.001 | — B Model2
Note: Modell: single factor Logistic regression analysis 1'5 1;5 ; 2;5 2'5 2;5 3'
Model2: adjustment age,gender 0Odds Ratio

Model3: adjustment age,gender,BMI,Race,marital status, education level, annual family income,

history of alcohol use, smoking, diabetes, stroke

Figure 2 Logistic regression forest plot of the association between sleep disorders and CVD.

Influence of the Interaction Between
Depressive Symptoms and Sleep
Disorders on CVD

The additive interaction terms of depressive symptoms and
sleep disorders were constructed, including no depressive
symptoms and no sleep disorders, no depressive symptoms
and sleep disorders, depressive symptoms and no sleep
disorders, depressive symptoms and sleep disorders. The
sample size of each interaction term is exhibited in
Table 3.

The results illustrated that the risk of CVD in patients
with both depressive symptoms and sleep disorders was

3.02 times (OR=3.02; 95% CI:2.71-3.35) that of those
without. In multivariate analysis, the patients with both
depressive symptoms and sleep disorders were found to
have a significantly elevated risk of CVD than those with-
out after adjusting for age and gender (OR=3.54; 95%
CI:3.15-3.98), and this risk still existed when all the con-
founders were adjusted (OR=2.64; 95% CI:2.32-3.00;
Table 4). The logistic regression analysis indicated that
the interactive indexes in three models [single factor
(model 1), adjusted age and gender (model 2), and
adjusted all confounders (model 3)] were as follows:
RERIoqen1 (0.587; 95% CI, 0.225-0.948), RERI0qc12

Table 3 Characteristics of Interaction Terms Between Depressive Symptoms and Sleep Disorders

CcvD Sleep Disorders Depressive Symptoms (n) OR
Yes No Depressive Symptoms (Yes) | Depressive Symptoms (No)
Yes Yes 914 3188 RII R10
No 624 3110
Yes No 429 7013 ROI ROO
No 670 14,450

Table 4 Logistic Regression Analysis of the Interactive Items Between Depressive Symptoms and Sleep Disorders

Sleep Disorders | Depressive Symptoms Model | Model 2 Model 3

OR (95% ClI) P OR (95% CI) P OR (95% CI) P
0 0 Ref Ref Ref
0 | 1.32 (1.16-1.49) <0.001 1.63 (1.41-1.87) <0.001 1.30 (I.11-1.51) <0.001
| 0 2.11 (1.99-2.24) <0.001 1.89 (1.77-2.02) <0.001 1.63 (1.52-1.75) <0.001
[ | 3.02 (2.71-3.35) <0.001 3.54 (3.15-3.98) <0.001 2.64 (2.32-3.00) <0.001

RERI (95% Cl)
APl (95% ClI)
Sl (95% Cl)

0.587 (0.225-0.948)
0.194 (0.090-0.298)
1.410 (1.142—-1.740)

1.020 (0.554-1.486)
0.288 (0.182-0.394)
1.672 (1.327-2.107)

0.710 (0.326—1.094)
0.269 (0.148-0.389)
1.763 (1.299-2.394)

Notes: Univariate Logistic regression analysis (Model |); Multivariate Logistic regression analysis after adjusting for age and gender (Model 2); Multivariate Logistic
regression analysis after adjusting for age, gender, body mass index, ethnicity, marital status, education levels, family income, diabetes mellitus, stroke, and history of alcohol
consumption and smoking (Model 3).
Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; RERI, relative excess risk of interaction; AP, attributable proportion of interaction; Sl, synergy index.
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(1.020; 95% CI, 0.554-1.486), RERI04e13 (0.710; 95%
Cl, 0.326-1.094); APloqen1 (0.194; 95% CI, 0.090-
0.298), APl0qer2 (0.288; 95% CI, 0.182-0.394),
APL 04013 (0.269; 95% CI, 0.148-0.389); Slhoderr (1.410;
95% CI, 1.142-1.740), Sl 0qe12 (1.672; 95% CI, 1.327-
2.107), Slhodes (1.763; 95% CI, 1.299-2.394). The 95%
CIs of RERI and API suggested that there may be
a synergistic interaction between depression and sleep
disorders on the CVD occurrence. In addition, the API
was 0.269 after adjusting all confounders, indicating that
the proportion of CVD that may be caused by the interac-
tion of depression and sleep disorders was 26.9% in all
CVD patients. Detailed results are shown in Table 4 and
Figure 3.

Interaction of Depressive Symptoms and
Sleep Disorders on CVD Based on the

Severity of Depression

Further analysis was conducted to assess the effect of
interaction between different severity of depressive symp-
toms and sleep disorders on CVD (Table 5). After adjust-
ing for all confounders, the results revealed that only
moderate depressive symptom [RERI,oqe13 (0.701; 95%
CL, 0.237-1.165), APl,cqez (0.278; 95% CI, 0.129-

- B SD & DE
IS O SD,noDE
0 no SD, DE
0 no SD, no DE
o
~
x 0 -
O —
S ]
g —
S
S
o

note:SD, Sleep disorders
DE, Depression

Figure 3 Interaction schematic diagram between depressive symptoms and sleep
disorders after adjusting for multiple confounders.

0.427), Slhoders (1.858; 95% CI, 1.244-2.77)] may interact
with sleep disorders in occurrence of CVD (Figure 4).

Discussion

In this study, we evaluated the associations between
depressive symptoms, sleep disorders and the risk of
CVD occurrence based on the NHANES database. This
study verified that depressive symptoms and sleep disor-
ders were independent risk factors for CVD, and found
that depressive symptoms and sleep disorders may play
a synergistic interaction in the occurrence of CVD. The
proportion of CVD that may be caused by the interaction
of depression and sleep disorders was 26.9% in all CVD
patients. Among the different depressive symptoms, only
moderate depressive symptoms may interact with sleep
disorders in the occurrence of CVD.

The association of depression or sleep disorders with
CVD has been reported by many studies.””'” " In this
study, the risk of CVD in individuals with independent
depressive symptoms and sleep disorders was 1.73 times
and 1.76 times that of those without, respectively. Our results
were generally consistent with previous studies that assessed
the association of depressive symptoms=° or sleep disorders?’
with the risk of CVD. In addition, the study of Matsuda et al
found that there was an association between sleep quality and
depression in CVD patients.”> Both sleep disorders and
depression have been identified as risk factors for CVD, but
their joint effects on CVD were rarely studied. The present
results revealed that participants with both depressive symp-
toms and sleep disorders had 1.64 times higher risk of CVD
than those without after adjusting for all confounders. The
possible synergistic interaction between depressive symp-
toms and sleep disorders for the development of CVD was
analyzed in this study. This finding may provide evidence for
the risk of CVD. In addition, only moderate depressive
symptoms may interact with sleep disorders in the develop-
ment of CVD. However, more prospective clinical studies
are needed to make possible explanations.

The interaction of depressive symptoms and sleep disor-
ders on the occurrence of CVD may be explained by biolo-
gical and behavioral pathways. There were several common
pathways in the association mechanism of depressive symp-
toms, sleep disorders and CVD, including inflammation,
coagulation system, and autonomic nervous system.'®?®
Inflammation plays an important role in the relationship
between sleep disorders, depressive symptoms and CVD,
and it may be a pathway linking sleep disorders and depres-
sive symptoms to CVD.** For instance, sleep disorders can
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Table 5 Logistic Regression Analysis of the Interactive Items Between Depression Severity and Sleep Disorders

Sleep Disorders

Depressive Symptoms

Moderate Depressive

Moderately-Severe

Severe Depressive

Symptoms Depressive Symptoms Symptoms
OR (95% CI) P OR (95% CI) P OR (95% CI) P
0 0 Ref Ref Ref
0 | 1.18 (0.98-1.43) 0.070 1.54 (1.15-2.07) 0.003 1.55 (0.92-2.60) 0.090
| 0 1.63 (1.52-1.75) <0.001 1.63 (1.52-1.75) <0.001 1.63 (1.52-1.75) <0.001
| [ 2.52 (2.14-2.96) <0.001 2.82 (2.24-3.56) <0.001 2.88 (2.08—4.00) <0.001

RERI (95% Cl)
APl (95% Cl)
Sl (95% Cl)

0.701 (0.237-1.165)
0.278 (0.129-0.427)
1.858 (1.244-2.776)

0.642 (~0.147-1.431)
0.226 (~0.012-0.467)
1.544 (0.912-2.618)

0.700 (~0.533-1.933)
0.243 (-0.129-0.615)
1.593 (0.683-3.712)

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; RERI, relative excess risk of interaction; API, attributable proportion of interaction; Sl, synergy index.

activate some inflammatory factors to promote the formation
of the body’s inflammatory microenvironment,>*® which
was also related to depression and CVD.?”*® In terms of
the coagulation system, sleep disorders and depression in
patients with CVD were all related to the coagulation system.
The study of Bikov et al indicated that the increased risk of
CVD from sleep disorders may be associated with acceler-
ated blood clotting and platelet activation.” Patients with
depression may have increased platelet activation, which
was thought to contribute to the development of atherosclero-
sis and peripheral artery disease.>*>' Activation of the

p B SD & MD
O SD, no MD
O no SD, MD
O no SD, no MD
SH
i
LR
¥ —
o
S
L g —
=)
S
(=)

note:SD, Sleep disorders
MD, Moderate depression

Figure 4 Interaction schematic diagram between moderate depressive symptoms
and sleep disorders after correction of multiple confounders.

coagulation system by depressive symptoms and sleep dis-
orders may be another common pathway to increase the risk
of CVD. In addition, sleep disorders and depression were
also associated with increased activity of the autonomic
nervous system, which may be a mechanism of increasing
the risk of CVD.**** Three possible mechanisms have been
mentioned in the impact of the interaction of depressive
symptoms and sleep disorders on CVD development.
However, the establishment of these mechanism requires
more prospective clinical studies to verify.

Our study analyzed the synergistic interaction between
depressive symptoms and sleep disorders on CVD occur-
rence. In addition, the present results were convincing because
this study was based on the nationally representative
NHANES database with a large sample size. However, this
study had some limitations. First, this study was a cross-
sectional study that cannot confirm the causal relationship
between the interaction of depressive symptoms and sleep
disorders and CVD occurrence, and stronger evidence relies
on prospective cohort studies. Second, the history of CVD and
sleep disorders in the NHANES were based on the self-
reported data of participants. The authenticity of the self-
reported data may be questionable. However, several studies
have shown that the risk factors of CVD have been deter-
mined through self-reported data from the NHANES.*>~’
These studies validated the reliability of the self-reported data.

Conclusion

Depressive symptoms and sleep disorders were indepen-
dent risk factors for CVD occurrence, and there may be
a synergistic interaction between depressive symptoms and
sleep disorders to increase the occurrence of CVD. In
addition, there may be common pathways between depres-
sive symptoms and sleep disorders that lead to the
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occurrence of CVD. However, more prospective clinical

studies should be conducted to further validate our results

and explore the mechanisms by which these results occur.
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