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Abstract

Background: This study aimed to describe the seasonal variation of depression prevalence among stroke patients
at 1 month and to explore whether vitamin D plays a role in the association between seasons and post-stroke
depression (PSD).

Methods: Data were collected from 402 acute stroke patients. Seasons were stratified by summertime (June to
November) and wintertime (December to May) based on vitamin D status. The impact of seasons on PSD was
assessed via binary logistic regression, with summertime considered the referent category. The mediating effect
was used to evaluate whether vitamin D plays a role in the association between seasons and PSD.

Results: The prevalence of PSD was significantly higher in the wintertime group than in the summertime group
(P = 0.003). The serum vitamin D level was lower in wintertime than in summertime (P < 0.001). Lower vitamin D
levels were associated with higher HAMD scores (P < 0.001). In the multivariate analysis, patients in the wintertime
group had a higher prevalence of PSD compared with those in the summertime group across all binary logistic
regression models after adjusting for potential confounders. When serum vitamin D was added to the above
model, there was no association between seasons and PSD (P = 0.056). Vitamin D was independently associated
with PSD (OR 0.95, 95% CI 0.935–0.966, P < 0.001).

Conclusion: There was a clear seasonal variation in depression prevalence among stroke patients. Vitamin D
status plays a critical mediating role in the relationship between season and post-stroke depression.
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Introduction
In China, with a large population of 1.4 billion people,
the stroke mortality rate is almost 1.6 million each year,
and stroke has become the primary cause of death and
adult disability [1]. In addition, China annual new stroke
cases is approximately 2.5 million and stroke survivors is
almost 7.5 million [2]. Among the complications of stroke,
post-stroke depression (PSD) has high clinical relevance.
Recently, a meta-analysis of 43 researches that included ap-
proximately 2 million stroke survivors suggested that 29%
of patients developed depression within the first 5 years
following the stroke [3]. PSD aggravated stroke-related ad-
verse events in the form of higher mortality, greater func-
tional disability, raised the risk of recurrent stroke, and
lower the quality of life [4], and in the end, with worse

rehabilitation outcomes. Although psychological, social and
biological factors in the mechanism of depression have
been explored [5], the potential pathophysiology of PSD is
still uncertain and several diverse mechanisms may be rele-
vant to the development of PSD.
Vitamin D is an essential neurosteroid hormone in hu-

man body that may be related to the development of de-
pression. Several studies have been performed in humans
demonstrated that vitamin D receptors and vitamin D-acti-
vating enzymes existed intracerebral structures such as the
hippocampus, the prefrontal cortex, and the amygdala [6,
7]. In addition, vitamin D plays an important role in many
brain processes including brain development, regulation of
neurotrophic factors, neuroplasticity, neuroprotection, and
neuroimmunomodulation [8], which suggesting that vita-
min D might be related to the development of depression.
Increasing evidence suggests that, low serum levels of
1,25-dihydroxyvitamin D had an association with the
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increased risk of depression in non-stroke patients [9–
12]. Compared with placebo, several studies demonstrated
that vitamin D supplementation improved depressive
symptom in clinical patients [13, 14]. Nevertheless, in
other intervention studies, no significant effect of vitamin
D supplementation, compared with placebo, was found on
changes in depressive symptom scores [15, 16]. Mean-
while, several studies examining the relationship between
vitamin D and depression have been performed in stroke
patients, and the results from these studies confirmed an
inverse relationship between serum vitamin D levels and
PSD [17–19].
Increasing evidence suggests that, there was a seasonal

variation in depression. One study demonstrated that
depressive symptoms during autumn and winter were
more common than during the summer among senior
high school students in Swedish [20]. Similarly, a study
with 11054 general population suggested that seasonality
is associated with depression [21]. In addition, another
study suggested that the prevalence of postpartum de-
pression (PD) in winter time was higher than other sea-
sons in Taiwan [22]. Depressive symptoms are common
during wintertime when vitamin D levels may be re-
duced due to inadequate ultraviolet B radiation leading
to decreased vitamin D synthesis in the skin [23, 24].
Since serum vitamin D levels were usually higher in
summertime than wintertime, if reduced vitamin D
levels were a reason of PSD, then depression was sup-
posed to be more common in wintertime when com-
pared to summertime in stroke survivors. This study
aimed to describe the seasonal variation of depression
prevalence among stroke patients at 1 month post stroke
and explore whether serum vitamin D levels plays an
important role in the association between seasons and
PSD.

Methods
Study design
This was an observational study. The study was performed
from October 2013 to May 2015 and was made up of
acute stroke patients aged 18-80 years at Department of
Neurology, the First Affiliated Hospital of Wenzhou
Medical University, Zhejiang, China (27°-28° degrees
latitude). All patients had been hospitalized within 7
days of stroke first symptom, and a clinical diagnosis of
acute stroke was confirmed by computerized tomog-
raphy (CT) reports or magnetic resonance imaging
(MRI). Patients with their serum vitamin D levels mea-
sured were included. The exclusion criteria were the
following: (1) patients with a malignant tumor, a
pre-stroke diagnosis dementia or a severe cognitive im-
pairment, visual or auditory impairment or aphasia
making them unable to participate in the clinical psy-
chological tests, (2) patients with a history of mental

disorders (especially depression, anxiety and other psy-
chiatric disorders), (3) patients with another significant
neurology diseases (e.g., Parkinson’s disease), (4) pa-
tients suffered from osteoporosis or had used vitamin D
and/or calcium supplementation previously.
This study was approved by the Medical Ethics

Committee of the First Affiliated Hospital of Wenzhou
Medical University and was performed in line with the
principles of the Declaration of Helsinki. We have ob-
tained written informed consent from participants or
their closest relatives.

Data collection and measures
At admission, the health examination included demo-
graphic data (age and gender) and the records of
weight, height, and blood pressure, and the characteris-
tic data such as years of education, history of conven-
tional vascular risk factors, family history of mental
disorders, and smoking and drinking history. BMI was
calculated based on the information of height and
weight.
At 1 month after the stroke, a psychological evaluation

was performed by a trained psychiatrist/neurologist who
was unaware of the patients’ other information. The
17-item Hamilton Rating Scale for Depression (HAMD)
was used to assess the presence of depressive symptoms at
the same time [25]. The diagnosis of depression was in
line with the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition (DSM-IV) criteria on the basis of
the depressive symptoms (HAMD score > 7). The severity
of stroke was evaluated at admission with the National
Institutes of Health Stroke Scale (NIHSS) by trained
neurologists [26].
A fasting blood sample was drawn for analyses of

serum vitamin D levels within 24 h of admission. The
measurement of serum vitamin D levels was carried out
using a competitive protein-binding assay at the First Af-
filiated Hospital of Wenzhou Medical University’s la-
boratory. The intraassay coefficient of variation was 7%–
10%. The season of the blood sampling was grouped as
spring (March to May), summer (June to August), au-
tumn (September to November) and winter (December
to February). Vitamin D serum levels were higher during
autumn 55.88 (37.28-68.61) nmol/L and summer 64.29
(47.39-81.00) nmol/L and were lower during spring 41.87
(28.34-58.39) nmol/L and winter 47.29 (33.94-60.31)
nmol/L. According to the Osteoporosis Committee of
China Gerontological Society for vitamin D and bone
health in adult Chinese, the definition (25(OH) D < 30
nmol/L indicating deficiency, 30 to 49.9 nmol/L indicating
insufficiency, and ≥50 nmol/L indicating sufficiency) [27],
the extended seasons were categorized as summertime
(June to November) and wintertime (December to May)
based on vitamin D status [28].
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Statistical analysis
Analyses were conducted to describe and to compare
demographic and clinical characteristics at baseline be-
tween patients with and without depression. In addition,
all analyses were conducted between seasons stratified
by summertime and wintertime. The Kolmogorov-Smir-
nov test was used for a normal distribution. Serum vita-
min D levels were not normal distribution. Non-normal
distributed variables were expressed as medians (quartiles)
and analyzed with the Mann-Whitney test. Normal dis-
tributed variables were presented as the mean ± standard
deviation (SD) and analyzed with Student's t-test. Categor-
ical variables were expressed as percentages and numbers
and analyzed with the chi-squared test. The correlation
between vitamin D and depression was examined by
Spearman correlation coefficients. The impact of seasons
on PSD was performed via binary logistic regression, with
summertime considered the referent category. The medi-
ating effect was used to evaluate whether vitamin D
played a role in the association between seasons and PSD.
The variables associated with PSD and seasons at baseline
with P values < 0.1 were taken into account as potential
confounders. Age, BMI, gender were also selected. Ana-
lyses were adjusted for gender and age in Model 1. Ana-
lyses were further adjusted for BMI, history of diabetes
mellitus, history of hyperlipidemia, history of stroke, his-
tory of coronary heart disease, alcohol consumption, and
active smoking status in Model 2. In Model 3, analyses
were additionally adjusted with stroke subtypes, and the
NIHSS score at admission was taken into account. Model
4 included model 3 and added vitamin D. The results were
presented as adjusted odds ratios (OR) along with the cor-
responding 95% confidence intervals (CI). All the analyses
were conducted in SPSS 20.0 (IBM, SPSS, and Chicago,
IL). For all analyses, a P-value < 0.05 based on a
two-sided test was considered statistically significant.

Results
Baseline characteristics of study samples
The study enrolled 551 acute stroke patients at admis-
sion. This analysis was limited to stroke survivors who
were followed up at 1 month. There were 149 such pa-
tients excluded from the study: 143 patients had missing
data and 6 patients passed away. Thus, the final sample
comprised 402 acute stroke patients. When compared to
the 149 patients excluded from the study, there were no
statistically significant differences in gender, age, BMI
and NIHSS scores.
In the study sample, the mean age of the stroke patients

was 62.41± 10.24 years. 270 (67.2%) of the included pa-
tients were male and 132 (32.8%) were female. The median
serum vitamin D level was 49.52 (32.71-64.14) nmol/L
with no significant difference between women and men

(50.16 (32.70-63.86) nmol/L vs 46.98 (31.63-66.01) nmol/L,
P = 0.67). The median HAND score was 4 (2-8).

Vitamin D
As shown in Table 1, patients in the wintertime group
showed lower serum vitamin D levels than those in the
summertime group (46.98 (30.90-57.88) nmol/L vs 52.44
(46.04-68.11) nmol/L, P < 0.001). Serum vitamin D levels
were statistically significant higher in the non-PSD patients
than in the PSD patients (51.06(36.44-63.95) nmol/L vs
43.80(30.40-55.88) nmol/L, P = 0.011). A higher HAMD
score was significantly associated with lower serum vitamin
D levels (r = -0.406, P < 0.001) Fig. 1.

Season and post-stroke depression
Table 1 summarized the characteristics of the study
population according to stratification of season and for
patients with or without depression. Compared to the
patients without depression, characteristics associated
with depression in the univariate analyses were active al-
cohol consumption, hemorrhagic stroke, higher initial
stroke severity and lower vitamin D levels. There were
no statistically significant differences in demographic
data. In our study, 26.6% of acute stroke patients (107
patients) were diagnosed as PSD. The prevalent rate of
PSD was significantly higher in the wintertime group than
in the summertime group (31.3% vs 17.5%, P =0.003)
(Table 2). In addition, patients in the wintertime group
had higher HAMD scores than those in the summertime
group (5 (2-9) vs 3 (2-6.5), P < 0.0001). There were no sta-
tistically significant differences in other demographic char-
acteristics and clinical data with regard to stratification of
the seasons (Table 1).
Table 3 showed the results of binary logistic regression

analysis for the association between PSD and stratifica-
tion of the seasons. The prevalent rate of PSD was sig-
nificantly higher in the wintertime group compared with
those in the summertime group in an unadjusted model
(OR: 2.14; 95% CI: 1.28-3.58, P = 0.003). Furthermore,
patients in the wintertime group had a higher prevalent
rate of PSD compared with those in the summertime
group across all binary logistic regression models after
adjusted potential confounders. In Model 1, after ad-
justment for age and gender, and summertime taken as
the reference, wintertime was independently related to
the prevalence of PSD (OR:2.17; 95% CI:1.29-3.63).
After full adjustment numerous underlying confound-
ing factors, the relationship between season and PSD
was further strengthened with an OR (95% CI) of
2.37(1.29-4.34). While when serum vitamin D was
added in above described model 3, there was no associ-
ation between seasons and PSD (P = 0.056), and vita-
min D was independently related to PSD (OR 0.95, 95%
CI 0.935-0.966, P < 0.001).
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Discussion
To the best of my knowledge, this is the first study in-
vestigating the impact of seasons on stroke-related de-
pression. The present study suggested that there was a
higher prevalent rate of PSD in the wintertime, when
serum vitamin D levels were expected to be lower. Full
adjustment for all the potential confounders related to
seasons and PSD at admission had minimal effect on the
results. In addition, lower serum vitamin D levels were
associated with a higher HAMD score. Our results sug-
gest that seasons were associated with the prevalence of
PSD and that the association was mediated by vitamin D

Fig. 1 The correlation between serum vitamin D levels and HAMD
scores, r [spearman] = − 0.406, p < 0.001

Table 2 Prevalent of post-stroke depression by season

Summertime
(n = 137)

Wintertime
(n = 265)

P-value

All stroke patients (n = 402) 0.003

Stroke with depression
(n = 107)

24 (17.5) 83 (31.3)

Stroke without depression
(n = 295)

113 (82.5) 182 (68.7)

Table 1 Characteristics of the study population (n = 402) according to stratification of season and post-stroke depression

Stratification of season Post-stroke depression

Wintertime (n = 265) Summertime (n = 137) P-value Non-PSD (n = 295) PSD (n = 107) P-value

Demographic characteristics

Age (years), mean ± SD 62.47 ± 10.22 62.29 ± 10.31 0.871 62.85 ± 10.29 61.18 ± 10.04 0.149

Female, n (percent) 86 (32.5) 46 (33.6) 0.82 94 (31.9) 38 (35.5) 0.491

BMI (kgm−2), mean ± SD 24.00 ± 3.28 23.97 ± 3.29 0.899 23.84 ± 3.18 24.42 ± 2.94 0.1

Education (years), median (IQR) 5 (0–7) 4.5 (1–7) 0.889 4.5 (0–7) 5 (0–7) 0.862

Vascular risk factors (%)

Hypertension 192 (72.7) 101 (73.7) 0.831 211 (71.8) 82 (76.6) 0.331

Diabetes mellitus 55 (20.9) 46 (33.6) 0.006 76 (25.9) 25 (23.4) 0.6

Hyperlipidemia 18 (6.9) 6 (4.4) 0.316 14 (4.8) 10 (9.4) 0.086

Coronary heart disease 19 (7.3) 4 (2.9) 0.076 20 (6.9) 3 (2.9) 0.136

History of stroke 23 (8.8) 20 (14.6) 0.075 32 (10.9) 11 (10.4) 0.877

Active smokers 82 (31.5) 37 (27.6) 0.421 93 (32.2) 26 (24.8) 0.156

Alcohol consumption 94 (37.3) 46 (35.9) 0.794 111 (39.8) 29 (28.7) 0.048

Systolic blood pressure (mmHg),
mean ± SD

153.68 ± 21.38 158.45 ± 24.54 0.055 154.78 ± 22.91 156.76 ± 21.72 0.439

Diastolic blood pressure (mmHg),
mean ± SD

82.96 ± 13.16 85.34 ± 13.03 0.085 83.40 ± 13.34 84.79 ± 12.63 0.149

Stroke subtype 0.629 0.001

Hemorrhagic stroke 47 (17.7) 27 (19.7) 43 (14.6) 31 (29.0)

Ischemia stroke 218 (82.3) 110 (80.3) 252 (85.4) 76 (71.0)

NIHSS score 3 (1–4) 3 (1–4) 0.909 2 (1–4) 3 (2–6) < 0.001

Vitamin D (nmol/L), median (IQR) 46.98 (30.90–57.88) 52.44 (46.04–68.11) < 0.001 51.06 (36.44–63.95) 43.80 (30.40–55.88) 0.011

HAMD at 1 month, median (IQR) 5 (2–9) 3 (2–6.5) 0.005 3 (1–5) 10 (9–13) < 0.001

Values are shown as number (percentage) or as medians (IQR) and means (±SD)
PSD post-stroke depression, SD standard deviation, IQR interquartile range, BMI body mass index, NIHSS National Institutes of Health Stroke Scale, HAMD Hamilton
Rating Scale for Depression
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status. Low vitamin D levels induced by seasonal vari-
ation play a vital role in the presence of PSD.
In this study, we found that 26.6% patients (107 pa-

tients) were diagnosed as PSD at 1 month post stroke,
and the prevalent rate of PSD was significantly higher in
the wintertime group compared to those in the summer-
time group, which was in line with previous researches.
A few studies have demonstrated seasonal mood changes
to be related to various mental diseases. For example, a
recent study consisting of 202 individuals suggested that
the highest prevalence depressive symptoms in bipolar I
disorder was observed around the winter solstice and
the lowest frequency in the summer [29]. In another
study, a group of 2107 women with PD were analyzed,
and the results demonstrated that the prevalent rate of
PD for winter deliveries was higher than other seasons
in Taiwan [22]. In addition, Cobb et al found that there
exists statistically significant peak in depressive symp-
toms from the winter solstice to the spring equinox in
unipolar major depressive disorder [30]. Moreover, a re-
cent study found that the highest proportion of major
depressive episodes occurred in winter and the lowest
proportions occurred in summer; seasonal variation was
clearly evident [31]. Regarding the abovementioned
studies, depressive symptoms are more common during
wintertime than summertime, our findings are consist-
ent with previous results.
In addition, we demonstrated that patients in the sum-

mertime group were more possibly to have higher serum
vitamin D levels than those in the wintertime group,
similar to previously reported results [32–34], because of
enhanced sun/UVB irradiation dose which was an effi-
cient way to acquire adequate vitamin D levels [35]. Sun
exposure and estimated UV radiation significantly pre-
dicted serum vitamin D levels, and result in higher
serum vitamin D levels during summer months. More-
over, serum vitamin D levels were significantly higher in
non-PSD patients compared with in PSD patients, and a

higher HAMD score was significantly related to lower
vitamin D levels, which was in line with the results of pre-
vious researches. Previous studies have founded a strong
association between depression and vitamin D in
non-stroke patients [10, 11, 36–38], whereas others show
no association [39, 40]. However, there have been few
studies conducted in stroke patients. One study found that
vitamin D deficiency was associated with depression
symptoms in stroke patients [17], and others found a rela-
tionship between increased depression prevalent rate and
lower serum vitamin D levels in stroke patients [18, 19].
A number of plausible pathogenesis underlying the re-

lationship between low vitamin D level and PSD could
be speculated about. As a unique neurosteroid hormone
that has acrossed the blood–brain barrier, vitamin D
plays an important role in many brain processes such as
brain development, neuroplasticity, and regulation of
neurotrophic factors [8], which may contribute to the
pathophysiology of depression. Second, another probable
pathogenesis between depression and low vitamin D
levels is by regulating neurotransmitters such as nor-
epinephrine, dopamine, and serotonin, which involved in
the pathogenesis of depression, which are target neuro-
transmitters for antidepressants treatment [41]. The im-
pact of vitamin D on neurotransmission may contribute to
depression [42–44]. Moreover, vitamin D affects inflam-
matory pathways (promoting anti-inflammatory pathways
by VDR-mediated gene transcription and down-regulating
autoimmune pathways producing proinflammatory cyto-
kines) [45, 46] that in turn to play a role in neuroprotec-
tion. In acute stroke, clinical studies and experimental
have found that the ischemic brain tissue reacts to ische-
mic injury with a prolonged and acute inflammatory
process, characterized by production of proinflammatory
mediators, rapid activation of resident cells, and infiltra-
tion of all kinds of inflammatory cells [47]. A number of
studies confirmed proof for the vital role of inflammation
in the pathophysiologic mechanisms of depression by
neurotransmitter systems, regulating neuroplasticity [48],
and HPA axis activation [49]. In acute stroke survivors,
lower vitamin D may contribute to PSD due to modulat-
ing the relationship between depression and inflammatory
responses. Overall, the pathophysiology between lower
vitamin D and PSD includes inflammation, neurogenesis
in response to ischemia and low vitamin D, and alterations
in serotonergic, noradrenergic, and dopaminergic path-
ways that lead to changes in amine levels.
Our study has some important strengths, this is the

first study investigating the impact of seasons on stroke-re-
lated depression. Furthermore, our study included a meas-
ure of actual serum vitamin D levels, a diagnoses of
depression, and a large sample size (402 patients). However,
there are several limitations of this study that need to be
addressed. First, participants with depression or other

Table 3 Odds ratio (95% confidence interval) for 1-month post-
stroke depression by season

Post-stroke depression

OR (95% CI) P-value

Unadjusted Model 2.14 (1.28–3.58) 0.003

Model 1 2.15 (1.28–3.60) 0.003

Model 2 2.23 (1.28–3.88) 0.005

Model 3 2.60 (1.43–4.72) 0.002

Model 4 1.87 (0.98–3.56) 0.064

Take summertime as the referent category. Model 1 included age and gender.
Model 2 included model 1 and added BMI, history of hyperlipidemia, history
of Diabetes mellitus, history of Coronary heart disease, history of stroke,
smoke, alcohol consumption. Model 3 included model 2 and added admission
NIHSS score, and stroke subtype. Model 4 included model 3 and added
vitamin D
OR odds ratios, CI confidence intervals
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severe aphasia and severe cognitive impairment were ex-
cluded, which are likely to be underrepresented in the
present study sample. Second, serum vitamin D levels was
only tested at admission; therefore, our study have no data
about how vitamin D was changed during the follow up.
Third, we failed to acquire information on weather or
temperature, physical functioning and participation in
sports activities for the amount of time spent outdoors and
during sunlight exposure, which may have a significant im-
pact on vitamin D levels. In addition, information on
whether patients with thyroid diseases were not recorded.
Furthermore, only one point (1 month) was for the evalu-
ation of PSD and a longer time point (e.g., 3 month or 6
month) would strengthen the manuscript. Finally, this study
was conducted in a purely Chinese ethnic background and
patients aged from18 to 80 years.

Conclusion
In summary, we found that PSD is more common in
wintertime when serum vitamin D levels are expected to
be lower compared with those in summertime, and a
higher HAMD score were related to lower serum vita-
min D levels; these data support the suggestion that the
association is mediated by vitamin D status. Our results
suggest that seasons are associated with the prevalence
of PSD and the association is mediated by vitamin D sta-
tus. Future studies should be performed in stroke patients
followed through numerous seasons, meanwhile to ex-
plore the role of other confounders that influence by sea-
son, include daylight length, temperature, and physical
activity.
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