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Background: We aimed to investigate the prevalence trends and explore the influencing factors of post-stroke depression
based on the National Health and Nutrition Examination Survey (NHANES) database, including data from 2005
to 2018.

Material/Methods: A total of 1298 patients with stroke were included in this study. Multivariate logistic regression analysis was
performed to select influencing factors. Subgroup analysis was conducted based on different populations. The
odds ratio (OR) and 95% confidence interval (Cl) were calculated.

Results: The prevalence of post-stroke depression was 16.35% in 2005 and 23.29% in 2018, and presented a linear
upward trend by year (F=195.00, P<0.001) from 2005 to 2018. Age (60 years vs <60 years; OR=0.40; 95% Cl,
0.30-0.54), sex (female vs male; OR=1.37; 95% Cl, 1.02-1.84), education level (junior middle school or below vs
college or above; OR=0.64; 95% Cl, 0.46-0.90), annual household income (>$20,000 vs <$20,000; OR=0.60; 95%
Cl, 0.45-0.80), and sleep disorders (sleep disorders vs no sleep disorders; OR=4.07; 95% Cl, 3.01-5.49) were as-
sociated with the risk of post-stroke depression. The age-based subgroup analysis showed that sex and edu-
cation level were not influencing factors of post-stroke depression in patients 260 years, and education level
was not related to the risk of post-stroke depression among men in the sex-based analysis.

Conclusions: Stroke patients with sleep disorders, age <60 years, and female sex may have an increased risk of post-stroke
depression.
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Background

Stroke, an acute cerebrovascular disease, is a group of cere-
bral injury diseases caused by the sudden rupture of blood
vessels in the brain or the blockage of blood vessels that pre-
vents blood from flowing to the brain [1]. It is a leading cause
of death and disability in Chinese adults, with a high risk of
morbidity, mortality, and disability [2], which increases the bur-
den on individuals and families. Epidemiological data show
there are about 610 000 newly diagnosed strokes and 185
000 recurrent cases annually in United States [3]. Because of
the unknown trajectory of strokes and the lack of effective
treatments, the recurrence of stroke affects the daily life of
the whole family, thereby leading to a situational crisis that
causes several mental health disorders, such as anxiety and
depression [4,5]. Therefore, paying attention to the mental sta-
tus of people with a chronic illness is especially important in
preventing the progression of the disease.

Depression, a common neuropsychiatric symptom, is a major
condition that influences the health of over 3 billion people
worldwide [6]. It is estimated that nearly 10% to 25% of wom-
en and 7% to 12% of men suffer from depression at least once
in their lives [7]. Studies reported that approximately 33.3%
of stroke survivors have depression, which is a frequent man-
ifestation that is easily overlooked in the progression of stroke
[8,9]. Multiple studies have shown that post-stroke depression
is connected with adverse functional outcomes, including dis-
ability, sleeping disorders, cognitive impairment, and impaired
social interaction [10,11]. Some researchers have suggested
that post-stroke depression can increase the death risk of indi-
viduals with stroke by influencing their behavior, such as life-
style habits and the use of preventive medications for stroke
recurrence [12-14]. Hence, it is necessary to focus on the oc-
currence of depression after stroke to improve the functional
outcomes among patients with stroke.

To the best of our knowledge, the epidemic trends of de-
pression in individuals with stroke have been rarely reported.
In the present study, we investigated the prevalence trends
and explored the influencing factors of post-stroke depres-
sion based on the National Health and Nutrition Examination
Survey (NHANES) database, including data from 2005 to 2018.

Material and Methods

Patients

Data in this study were extracted for years 2005 to 2018 from the
NHANES database, which is a cross-sectional survey for health
and nutritional status of the US civilian and non-institutionalized
population conducted by the National Center of Health Statistics
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and Centers for Disease Control and Prevention. Participants
were randomly screened based on a complex, stratified, and
multi-stage cluster sampling design. The information collection
was carried out by interviews, and corresponding examinations
and assessments were conducted in a mobile examination cen-
ter. Additional information is available at http://www.cdc.gov/
nchs/nhanes.htm. The NHANES database (2005-2018) includ-
ed 39 748 participants, of which 1591 (4.00%) participants had
had a stroke. After excluding patients who did not meet the re-
quirements, a total of 1298 patients with stroke were includ-
ed in this study. This study did not need to be approved by the
Institutional Review Board of Beijing Shijitan Hospital because
the data used were accessed from a publicly available database.

Study Variables

The demographic and clinical data of participants were ex-
tracted and included age, sex, body mass index (BMI, kg/m?),
marital status, ethnicity, education level, annual household
income ($), diabetes mellitus, sleeping status, systolic blood
pressure (mmHg), diastolic blood pressure (mmHg), total cho-
lesterol (mg/dL), high-density lipoprotein (mg/dL), low-density
lipoprotein (mg/dL), blood lead (ug/L), and the Patient Health
Questionnaire (PHQ-9).

Definitions

The PHQ-9 was used to measure current depression and the
frequency of depression in the past 2 weeks. Each response of
the 9 items was assigned a score from 0 to 3 as follows: nev-
er, 0; several days, 1; >50% of the days, 2; and almost daily, 3.
The questions of the PHQ-9 were asked at the mobile exam-
ination center by trained interviewers. The definition of de-
pressive symptomology was identified according to the con-
tinuous distribution of a parameter. Current depression was
confirmed with an aggregate score >10 [15]. The question
“Has a doctor or other health professional ever told you that
you had a stroke” was used to determine a history of stroke.

Statistical Analysis

All statistical analyses were performed using 2-sided tests (SAS
software), and a P value <0.05 was considered statistically sig-
nificant. Continuous variables were tested by the t test or the
Mann-Whitney test; variables with normal distribution were
described as mean+SD, and continuous variables with a non-
normal distribution were described by M (Q1, Q5). Categorical
variables were tested by the chi-squared (x?) test or the Fisher’s
test and described as number and percentage. The variables
with statistical significance in univariate analysis were incor-
porated into multivariate logistic regression analysis to explore
the influencing factors of post-stroke depression. The odds
ratio (OR) and 95% confidence interval (Cl) were calculated.
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Stroke patients data were extracted from
the NHANES database 2005-2018
(n=1,591)

Excluded patients (n=293)

« Missing information on the PHQ-9 scale
(n=292)

« Missing marital status (n=1)

| Included patients (n=1,298) |

Depression patients
(n=275)

Non-depression patients|
(n=1,023)

Figure 1. Selection of study sample.

Results

Baseline Characteristics of Patients with Stroke

A total of 1298 patients with stroke were included in this study
(Figure 1), including 642 (49.46%) men and 656 (50.54%) wom-
en. Of these patients, 357 (27.50%) were <60 years, and 941
(72.5%) were >60 years. Among them, 612 (47.15%) were mar-
ried, 166 (12.79%) were unmarried, 272 (20.96%) were wid-
owed, and 248 (19.11%) were divorced or separated. In terms
of educational levels, 432 (33.28%) patients had a junior-mid-
dle-school level or below, 358 (27.58%) had a high-school lev-
el ora GED, and 508 (39.14%) had a college level or above. In
addition, 787 (60.63%) patients had an annual household in-
come >$20,000, 468 (36.06%) had diabetes, 555 (42.76%) had
sleep disorders, and 275 (21.19%) were depressed.

Comparison on the Characteristics of Depression and Non-
Depression Groups

The proportion of age >60 years (x?=61.050, P<0.001) and an-
nual household income >$20,000 (x2=18.262, P<0.001) were
lower in the depression group than in the non-depression
group. In addition, patients with depression had a lower educa-
tion level (Z=-1.998, P=0.046). Compared with the non-depres-
sion group, BMI (t=-3.360, P<0.001), diastolic blood pressure
(t=-4.040, P<0.001), total cholesterol (t=-2.830, P=0.005), blood
lead (Z=-3.074, P=0.002), proportion of females (x?=13.473,
P<0.001), and sleep disorders (x?=112.976, P<0.001) were high-
er in the depression group. The distribution of marital status
between the depression and non-depression groups was also
statistically significant (y2=24.819, P<0.001) (Table 1).

Prevalence Trends of Post-Stroke Depression from 2005 to 2018

The prevalence of post-stroke depression was 16.35% in 2005
and 23.29% in 2018. The prevalence of depression in patients
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with stroke from 2005 to 2018 showed a linear upward trend
by year (F=195.00, P<0.001) (Figure 2). In different popula-
tions, the prevalence of post-stroke depression in patients <60
years was always higher than that in patients >60 years, and
the prevalence of post-stroke depression in women was al-
ways higher than that in men (Figure 3). However, there was
no significant difference of post-stroke depression prevalence
by age subgroups (=60 years vs <60 years, P>0.05) and sex
subgroups (women vs men, P>0.05).

Influencing Factors of Post-Stroke Depression

The multivariate logistic regression analysis showed that age,
sex, education level, annual household income, and sleep dis-
orders were the influencing factors of post-stroke depres-
sion. The risk of depression for patients >60 years was 0.40
times that of patients <60 years (OR=0.40; 95% Cl, 0.30-0.54).
The risk of depression in women was 1.37 times that in men
(OR=1.37; 95% Cl, 1.02-1.84). Compared with the risk of de-
pression in the education level junior-middle-school or below
group, the risk of depression in the senior-high-school or GED
group (OR=0.74; 95% Cl, 0.51-1.07) and college or above group
(OR=0.64; 95% Cl, 0.46-0.90) were lower. The risk of depres-
sion for patients with an annual household income >$20,000
was 0.60 times higher than that of patients with an annu-
al household income <$20,000 (OR=0.60; 95% Cl, 0.45-0.80).
Furthermore, patients with sleep disorders were at a high-
er risk of depression (OR=4.07; 95% Cl, 3.01-5.49) (Figure 4).

Influencing Factors of Post-Stroke Depression in Different
Ages and Sexes

The influencing factors of post-stroke depression in patients
<60 years had statistically significant differences in sex, ed-
ucation level, annual household income, and sleep disorders
(P<0.05). In patients >60 years, the influencing factors of post-
stroke depression were annual household income and sleep
disorders (P<0.05), while sex and education level were not in-
fluencing factors (P>0.05) (Table 2). In men, the influencing
factors of post-stroke depression were age, annual household
income, and sleep disorders (P<0.05), but not education level
(P>0.05). Furthermore, the influencing factors of post-stroke
depression in women were age, education level, annual house-
hold income, and sleep disorders (P<0.05) (Table 3).

Discussion

In this study, we analyzed the epidemic trends of post-stroke
depression and explored the influencing factors of depression
in patients with stroke, based on the NHANES database. The
results showed that the prevalence of post-stroke depression
in 2011 to 2018 was higher than that in 2005 to 2010. Age
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Table 1. Comparison on the characteristics of the depression and non-depression groups.

Variables No:lr;:i?;;s;)ion D::;ezs;;;m Statistic

Age (years), n (%) %?=61.050 <0.001
"""" w0 357 @750 230 (2248 127 @61®)
"""" >0 o4l (7250) 793 (7752 148 (538)
| BMI (kg/m?), meansSD 29974675 20601639 31324780 t=3360 0001
CGendern () ©=13473 0001
"""" Male 642 (4946) 533 (5210 109 (3964
"""" Female 65 (5054) 490 (4790) 166 (60.36)
CEthnicty,n %) 0=3250 0517
"""" Mexican American 116 (894) 90 (880 26 (945
"""" Wispanic American 77 (593 55 (538 22 @®00)
"""" White 653 (5031) 515 (5034 138 (0.18)
"""" Back 363 (2797 291 (2845 72 (618
"""" Othee 8 (68) 72 (04 17 18
Maritalstatus,n (%) =24819 0001
"""" Mared 612 (47.15 509 (49.76) 103 (3745
"""" Widowed 272 (2096 220 (151) 52 (189
"""" Divorced or separated 248 (19.11) 182 (17.79) 66 (400
"""" Unmarried,n (%) 166 (1279) 112 (1095 54 (1969
CEducationn %) 7-1998 0046
"""" junior middle schools or below 432 (33.28) 327 (31.9¢) 105 (3818
"""" Senior high schools or GED 358 (27.58) 284 (27.76) 74 (691)
"""" Collegesorabove 508 (39.14) 412 (4027) 9 (349)
 Annual household income, n (%) ©=18262 0001
"""" 00005 511 (3937) 372 (3636 139 (05%)
"""" 00005 787 (60.63) 651 (6364) 136 (4945
CDiabetes,n %) ©=0470 0493
"""" N 830 (6394 659 (6442 171 6218)
"""" Y 68 (3606) 364 (3558) 104 (378
CSleepdisorders,n (%) ©=112976 0001
"""" N 743 (5724 663 (6481) 80 (009
"""" Y 555 (@276) 360 (3519 195 (o9
| SBP (mmHg), meantSD  13433:2291 1346942301  133.0242253  t=1070 0284
| DBP (mmHg), meansD 69.53:1382 6874£1385 7250£1330 t=-4040 0001
CTC(mg/dL), meansSD 1843124689 1823044575  191.78:5029 t=2830 0005
_HDL (mg/dL), meantsD 515041660 51721653 5066£1685  t=0940 | 0347

LDL (me/dL), M (Q,, Q,) (77.<1>g,2i(3)(2).oo) (78.(1)8,11.(2)8.00) (76.(1)8,51.(3)2.00) Z=1573 0.116

Lead (ug/L), M (Q,, Q) (1.1%).,6;.61) (1.1:,72.71) (1.011’,4 ;.39) £=3.074 0002
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>60 years, higher education level, and higher annual house-
40 . .
hold income were related to a reduced risk of post-stroke de-
354 pression, while female sex and sleep disorders were associat-
;Ei 30 ed with an increased risk of post-stroke depression.
£ 25
£ Approximately one-third of stroke survivors have post-stroke
§ 207 depression [16]. Previous studies have shown that post-stroke
§ 159 depression is the most important and common complication
104 of stroke [16,17]. The etiology of post-stroke depression is
s | | | | | [ | multi-factorial, comprising biological and psycho-social fac-
2005-2006 2009-2010 2013-2014 2017-2018 tors. It has been reported that biological factors are the main
2007-2008 2011-2012 2015-2016 factors associated with post-stroke depression [18], including
Year age, sex, inflammation, response to ischemia, genetic suscep-
tibility, alterations of neurogenesis in neurotrophic factors le-
Figure 2. The prevalence trends of post-stroke depression based sion location, neurogenesis, and activation of the hypothalam-
on National Health and Nutrition Examination Survey ic-pituitary-adrenal axis [19]. The psycho-social factors include

database from 2005 to 2018. post-stroke cognitive and functional deficits, past psychiatric
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Figure 3. The prevalence trends of post-stroke depression based on age and sex. (A) Trends of prevalence in patients >60 years and
<60 years; (B) trends of prevalence in men and women. * P<0.05, ** P<0.01, *** P<0.001, indicates that the chi-square test is
statistically significant between the two groups.

Figure 4. The influencing factors of post-stroke
Logistic regression forestpolot depression.
Variables OR (95% Cl) Pvalue
Age
<60 Ref
>60 4.40(0.30-0.54) <0.001 bt
Gender
Male Ref
Female 1.37(1.02-1.84) 0.036 F-m--1
Education
IMS or below Ref
JHS or GED 0.74(0.51-1.07) 0.108 Fa-g
College or abowe  0.64 (0.46-0.90) 0.011 R
AH-income
<20000$ Ref
>20000% 0.60 (0.46-0.80) <0.001 o
Sleep disorders
No Ref
Yes 4.07 (3.01-5.49) <0.001 —————— -—->
T T T T T T T T 1
0 05 1 15 2 25 3 35 4 45
Odds ratio
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Table 2. Analysis of influencing factors of post-stroke depression based on age.

Characteristics

Gender
"""" Male R Rt
"""" Female 0562  176(106292) 0030 0207  123(085177) 0269
CEducation
"""" MSorbelow  Ref Rt
"""" HSorGED 0492 0610033115 0127 0247  078(049124) 0290
"""" Colegeorabove ~ -0662  052(029093) 0028 0354  070(046108 0107

Yes 1.839 6.29 (3.69-10.71) <0.001 1.185 3.27 (2.26-4.73) <0.001

JMS — junior middle schools; JHS — senior high schools; OR — odd ratio

Table 3. Analysis of influencing factors of post-stroke depression based on sex.

Characteristics

Yes 1.636 5.13 (3.24-8.13) <0.001 1.229 3.42 (2.30-5.08) <0.001

JMS — junior middle schools; JHS — senior high schools; OR — odd ratio
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history, pre-morbid neurotic personality traits, and social iso-
lation [20]. Our results showed that from 2005 to 2018, the
prevalence of depression in patients with stroke had an up-
ward trend by year. In different populations, patients with
stroke who are <60 years old and female sex accounted for
a higher proportion of post-stroke depression. A possible ex-
planation is that patients under 60 years old are the mainstay
of the family, and they are more likely to experience depres-
sion due to economic, family, and health-related pressures af-
ter stroke [21]. The high proportion of post-stroke depression
among women may be due to poor psychological endurance,
which may affect their endocrine and neurotransmitter pro-
duction from stressful events [22,23]. In addition, the com-
position of the population can also contribute to an increase
in post-stroke depression. Dong et al indicated that the prev-
alence of post-stroke depression in Mexican Americans was
1.69 times that of non-Hispanic whites [24].

A multivariate logistic regression analysis was used to explore
influencing factors of post-stroke depression in this study. The
results showed that the influencing factors of post-stroke de-
pression were age, sex, education level, annual household in-
come, and sleep disorders. Age and sex are the most frequently
studied risk factors in post-stroke depression and exhibit the
most controversial results [25]. A meta-analysis showed that
age (<70 years) was one of the most significant risk factors
in post-stroke depression [9]. The proportion of patients <65
years of age has increased significantly, especially in low- and
middle-income countries [26], which can pose a huge challenge
of post-stroke depression. Female sex has also been shown
to be a risk factor for post-stroke depression [9,27]. Our re-
sults revealed that the risk of post-stroke depression in wom-
en was 1.37 times that in men. Furthermore, patients with a
higher education level and higher annual household income
had a lower risk of post-stroke depression. A cohort prospec-
tive study indicated that education level was a protective fac-
tor for post-stroke depression [28]. Jiang et al showed that
lower income was one of the risk factors for depression in
patients with acute stroke [29]. Sleep disorders cause neuro-
endocrine and circadian rhythm abnormalities that increase
the risk for depression [30]. Dong et al indicated that sleep
disorders are associated with a significantly increased risk of
post-stroke depression [31]. In addition, we conducted a fur-
ther analysis based on age and sex to explore the influenc-
ing factors of post-stroke depression in different populations.
The results showed that sex and education level were not the
influencing factors of post-stroke depression in patients >60

CLINICAL RESEARCH

years, and education level was not an influencing factor of
post-stroke depression in men.

The strength of our study was the analysis of prevalence trends
of post-stroke depression based on the NHANES database from
2005 to 2018. The influencing factors of post-stroke depres-
sion were also explored, and further analysis was performed
to assess the influencing factors of post-stroke depression in
different populations. However, this study has some limita-
tions. First, some biological factors (such as cytokines) can play
an important role in the occurrence of post-stroke depression,
but they were not analyzed owing to a data deficiency in the
NHANES database. Second, this study mainly analyzed the bi-
ological factors of post-stroke depression, but the psycho-so-
cial factors were not assessed owing to the limitations of the
NHANES database. For example, the social support data in-
cluded only years 2003 to 2008, the physical activity data in-
cluded only years 1999 to 2006, and no past psychiatric histo-
ry data was found. Further studies should pay more attention
to the psycho-social factors for post-stroke depression. Third,
the PHQ-9 was used to classify current depression and may
have underestimated clinical depression. However, a PHQ-9
score >10 had a sensitivity of 88% and a specificity of 88% in
identifying depression, indicating that there may be relative-
ly few misclassifications of depression [32].

Conclusions

From 2005 to 2018, the prevalence of depression in patients
with stroke was on an upward trend by year. Age <60 years
and female sex accounted for a higher proportion of patients
with post-stroke depression. Sleep disorders and female sex
were related to an increased risk of post-stroke depression. Age
>60 years, higher education level, and higher annual house-
hold income were associated with a reduced risk of post-stroke
depression. Clinicians should intervene early in patients with
factors that may increase the risk of post-stroke depression.
Future studies should explore the influence of psycho-social
factors on post-stroke depression.
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