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A B S T R A C T

Previous studies have suggested that nearly 30% of the stroke victims present with signs of depression within the
first 5 years of illness. Since post-stroke depression significantly affects the patient both physically and psycho-
logically, the emotional disturbances impede the progress and effectiveness of rehabilitation. To utilize sunlight
therapy in post-stroke patients in order to improve the depression and daily activity function. This study was a
single-blind design randomized controlled intervention with sunlight exposure design. The population were
stroke patients with tendency to depression. Exposed to sunlight for at least 30 min per day, at least 14 days of
exposure duration of 4 weeks. A total of 46 patients were 23 patients in the experimental group and the control
group. The research tools include: depression status (Taiwanese depression scale, TDS), physical activity function
(Barthel Index), and cognitive status (MMSE). The CONSORT guideline was used in this study. After the data was
analyzed with the generalized estimating equation (GEE), significant improvement was noted among the
experimental ground in 2nd post-test depression score, daily function in the first and second post-test Barthel Index
score. There was no significant improvement in cognitive function. This study confirms that sunlight therapy
improves the mental health of post-stroke patients with depressed mood. It also enhances daily activity and fa-
cilitates the recovery to a health state.
1. Introduction

The 10 leading causes of death in Taiwan mainly consist of chronic
diseases. Cerebrovascular disease ranked third in 2015 (Statistics
Department, Ministry of Health and Welfare, 2016) and fourth in 2016
and 2017 (Statistics Department, Ministry of Health and Welfare, 2017;
Statistics Department, Ministry of Health andWelfare, 2018). About 30%
of cerebrovascular disease patients have been found to show signs of
depression within five years after diagnosis. The psychological and
physiological impacts of post-stroke depression can be described as a
domino effect, as emotional distress affects the progress and effectiveness
of rehabilitation. Regarding non-pharmacological treatments for
depression, therapeutic methods based on light generated from in-
struments have been utilized in various treatments of psychological,
behavioral, and emotional disorders. The promising results of these
methods have led researchers to suggest that artificial light should be
designed to resemble natural light. Scientific evidence has proved the
benefits of sunlight on humans' health; hence, this research aimed to
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vascular accident patients by means of sunlight therapy.

2. Background

According to the diagnostic standards described in The Diagnostic
and Statistical Manual of Mental Disorders (DSM), depression diagnosed
after the occurrence of stroke is known as post-stroke depression (PSD)
(Pohjasvaara et al., 1998). Patients with aphasia or a family history of
mood disorders are more likely to develop PSD following a stroke that
occurred in the dominant left hemisphere than after a stroke that
occurred in some other region of the brain (Mitchell et al., 2017). Stroke
patients with aphasia are also more likely to develop depressive ten-
dencies that may damage the body's activities and functions within two
to three weeks after stroke occurrence than those without aphasia (Wang
et al., 2016). A study by Robinson and Jorge (2015) found that, for pa-
tients in acute care and rehabilitation hospitals, the incidence rates of
major and minor depression were, respectively, 21.6% and 20.0%; for
n).
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outpatients with a post-stroke duration ranging from three months to
more than three years, the prevalence rates of major and minor depres-
sion were, respectively, 24.0% and 23.9%; and for community-dwelling
stroke patients, the prevalence rates of major and minor depression were,
respectively, 14% and 9%. This indicates that it is common for stroke
patients to be diagnosed with depressive tendencies. After conducting a
follow-up study on 175 stroke patients at three months post-stroke from
2011 and 2012, a local hospital in southern of an island state in East Asia
revealed that the prevalence of depressive symptoms among the stroke
patients was 30.29%. The patients' risk of developing depressive symp-
toms had negative correlations with their Barthel index score, which
shows that depressive symptoms became more obvious following a
decline in daily living activities (Chiu et al., 2014). Epidemiology shows
that 30% of stroke patients suffering from depression symptoms are
worthy of attention and appropriate treatment.
2.1. Light therapy

Natural and artificial light are both used to treat diseases. In artificial
light therapy, a fixed spectrum is used to balance the circadian rhythm
(Wu and Sung, 2010). The wavelengths, intensities, and spectrums of
lamps are set to resemble those of outdoor light, and illuminance is
usually set in the range of 2,000 to 10,000 lux. As the eye is exposed to
light rays, the secretion time of melatonin by the pineal gland becomes
adjusted, thereby balancing the circadian rhythm. In a study by Dowling
et al. (2005), artificial light therapy was used to treat patients with
Alzheimer's disease in long-term care facilities, and the results showed
that it significantly improved the patients' insomnia, sleep disturbances,
and sleepwalking problems. The use of light therapy on elderly people in
rehabilitation significantly improved their depressive symptoms, which
shows that light therapy is able to alleviate geriatric depression (Tsai
et al., 2004). Sunlight is natural, the Sun's resources include light and
heat, and light consists of visible and invisible light.
2.2. Association between sunlight and health

Since vitamin D plays a key role in protecting the kidneys and the
cardiovascular system, the lack of sunlight or vitamin D is often associ-
ated with high blood pressure, heart attacks, and stroke. Vitamin D has
potential anti-inflammatory effects on relevant cardiovascular diseases
(such as diabetes, high blood pressure, heart failure, peripheral vascular
disease, and atherosclerosis) and chronic kidney disease. Therefore, the
level of vitamin D can be regarded as an important indicator for pre-
dicting cardiovascular diseases (Lai and Fang, 2014; Wang et al., 2018).

Exposure to sunlight for 5–30 min, 2 to 3 times weekly, allows the
production of hormones that help maintain a sufficient amount of
vitamin D required by the body (World Health Organization, 2020).
However, due to strong ultraviolet (UV) rays and overly high tempera-
tures, it is recommended that individuals avoid outdoor activities during
the two to three hours before noon, and that they take note of the day's
UV index. Preventive measures should be taken as well, such as applying
sunscreens with SPFs of 15 or higher; wearing appropriate
sweat-absorbing, quick-drying, and breathable clothing; and wearing
sunglasses to protect the eyes (Lin and Liao, 2016; Holick et al., 2011).

At present, there have only been a few academic randomized
controlled trial (RCT) studies that actually utilized sunlight therapy to
treat PSD patients. In a prospective study by the Daemen et al. (2014) and
Danish researchers West et al. (2017a,b), since bedridden stroke patients
were indoors and could not be exposed to the natural daytime variation,
naturalistic lighting that mimicked the natural daytime spectrum varia-
tion was installed in the experimental unit, while standard artificial
lighting was installed in the control unit. The depression scale results of
both groups were compared after at least 14 days of light exposure, and
statistically significant differences were observed in the experimental
group in terms of the improvement of depressive symptoms.
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In this study, interventional sunlight treatment will be applied to
stroke patients to explore their effectiveness in improving depression and
daily activity functions.

3. Methods

As a pre-post-intervention experimental research study involving two
groups, a single-blind trial was adopted for the participants, who were
recruited via purposive sampling. Participants who met the eligibility
criteria of this research were randomly divided into two groups by
drawing numbers: those who drew odd numbers were the experimental
group, while those who drew even numbers were the control group. A
structured questionnaire was administered to the participants to collect
and analyze their basic data. Based on the sample size, and in accordance
with the methods described by Søndergaard et al. (2006), the effect size
was calculated by using the means and standard deviations of the
pre-post-test depression scales of the two groups. The estimated effect
size was 0.20; the α error was 0.05; the power (1-β error) was 0.8; and the
validity was 0.80. 42 participants were originally estimated to be divided
into the two groups.

The study was approved by the Local Bioethiommission, No 2017-09-
001CC; clinicaltrials.gov ¼ID: NCT04036565.

This study was conducted from October 2017 to April 2018. In order
to avoid large climate-related variations, the participants had to be one-
month post stroke patients who, after being discharged, mainly conva-
lesced in their homes in northern of an island state in East. In retrospect,
438 potential participants were screened from September 2017 to
January 2018, of whom 377 failed to meet the eligibility criteria and 15
were unwilling to participate; thus, there were 46 participants in this
study. The participants were divided into two groups of equal numbers
by means of simple randomization (lottery: single is experimental group,
double is control). The experimental group participated in sunlight
therapy, while the control group received standard care. Throughout the
intervention period, two participants from each group had dropped out of
this study, indicating a dropout rate of 9%. As shown in Figure 1, a total
of 42 participants, 21 in the experimental group and 21 in the control
group, completed the six to eight-week study period.
3.1. Eligibility criteria

Participants had to be verified one-month post-stroke patients in
stable condition, with an NIHSS score of not more than 15 (minor or
moderate stroke). Participants also had to meet at least two of the DSM-
IV diagnosis criteria for minor depression, dejection, or dysthymia, and
had to be conscious and capable of expressing themselves. After being
discharged, participants mainly convalesced in their homes in northern
of an island state in East. Participants had to be aged 20 or above, able to
converse in or be literate in Mandarin or Taiwanese, and agree, after
being asked to provide consent, to participate in this study.
3.2. Exclusion criteria

Patients with a NIHSS score higher than 16 (severe stroke); patients
with stroke caused by cancer metastasis; stroke patients with cancer
comorbidity; and patients who were on dialysis, pregnant, mentally-
challenged, or suffering from severe cognitive disabilities.
3.3. Sunlight therapy intervention

The sun had to be bright and visible during the day, with an illumi-
nance of 10,000 lux and above (Chang et al., 2011). Participants were
required to employ appropriate protective measures when directly
exposing their forearms or calves under the sun for an accumulated
minimum of 30 min per day, for a total of 14 days in four weeks.



Enrollment Assessed for eligibility (n=438)

Excluded (n= 392)

•Not meeting inclusion criteria (n= 377)

•Declined to participate (n= 15)

Analysed (n= 21)
Excluded from analysed (n= 0)

Lost to follow-up (n= 0)

Withdrawal intervention (n= 2)

Allocated to intervention (n= 23)
•Received allocated intervention(n= 23)

Lost to follow-up (n= 0)

Withdrawal control (n= 2)

Allocated to control (n= 23)
•Received allocated control(n= 23)

Analysed (n= 21)
Excluded from analysed (n= 0)

Allocation

Analysis

Follow-up

Randomized (n= 46 )

Figure 1. Flow chart of participants in the study.
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3.4. Research tools

3.4.1. Depressive state (Taiwanese depression scale, TDS)
The use of TDS as the research tool of this study was approved by Dr.

Yu Lee on April 14, 2017. The TDS's internal consistency reliability was
0.90; its sensitivity was 89%; and its specificity was 92% (Lee et al.,
2000).

3.4.2. National institute of health stroke scale (NIHSS)
The Chinese version of the NIHSS was adopted in this study to assess

neurological damage. The internal consistency of the NIHSS (Cronbach's
α) was 0.92 (Sun et al., 2006); stroke severity was categorized as minor
(NIHSS¼ 0 to 6), moderate (NIHSS¼ 7 to 15), and severe (NIHSS¼ 16 to
38) (Lee et al., 2012; Chang and Tseng, 2003).

3.4.3. Physical mobility (Barthel Index)
The Barthel Index was adopted in this study to assess the progress of

rehabilitation among stroke patients. The internal consistency Kappa
value was 0.9, and the correlation coefficient was 0.98 (Loewen and
Anderson, 1988).

3.4.4. Cognitive functions (Mini-mental state examination, MMSE)
The inter-rater reliability of the MMSE was 0.83; the test-retest reli-

ability was 0.89–0.98 (Guo et al., 1988).
The participants in the experimental and control groups were sub-

jected to a pre-test measurement after they were recruited. For the
experimental group, the first post-test measurements were taken right
after the participants completed the sunlight therapy (two to four weeks
after the start of the intervention), and the second post-test
3

measurements were taken one month after the intervention was
completed (six to eight weeks after the start of the intervention). For the
control group, the first and second post-test measurements were taken
two and six weeks, respectively, after they started receiving standard
care.

Throughout the study, luminosity monitoring was obtained from the
Central Weather Bureau's Observation Data Inquiry System (http://
e-service.cwb.gov.tw/HistoryDataQuery/index.jsp) to calculate sun-
shine duration. In order to check the completeness of data records in the
two groups, participants were followed-up during their check-ups or by
means of phone calls or house visits.

4. Results

The results from the test of homogeneity between the experimental
group and control group showed that except the stroke location is sta-
tistically significant differences (p ¼ 0.048) in both groups, as 12 par-
ticipants in the experimental group (52%) had a stroke that mainly
occurred in their right hemisphere, whereas 9 participants (29%) in the
control group had a stroke that mainly occurred in their left hemisphere.
There were no statistically significant differences in terms of demography
and outcome indicators.

The Pearson statistical analysis method was adopted in this study to
check the correlation between the stroke patients' independent variables
(basic attributes) and dependent variables (NIHSS score, TDS score,
MMSE score, and Barthel index score). Details are shown in Table 1.

Sunlight therapy was implemented as an intervention in this study,
and generalized estimating equations (GEE) were used to analyze and
compare the pre-test and the two post-test results between the two

http://e-service.cwb.gov.tw/HistoryDataQuery/index.jsp
http://e-service.cwb.gov.tw/HistoryDataQuery/index.jsp


Table 1. The Pearson correlation analysis between basic attributes and pre-tests of variables.

Variable NIHSS TDS MMSE Barthel Index

r p r p r p r p

Age .131 .387 .506 .000** .114 .451 .110 .468

Gender .028 .852 -.417 .004** .256 .086 -.067 .659

Source of income .115 .447 .170 .258 -.371 .011* -.042 .780

Education level -.015 .923 -.048 .750 .345 .019* .037 .808

Marital status .073 .631 -.100 .508 -.385 .008** -.163 .278

Living condition -.254 .088 -.122 .419 -.122 .421 .166 .270

Religion -.084 .581 -.066 .663 .161 .285 .039 .795

Chronic disease .166 .271 .285 .055 -.348 .018* -.097 .520

Chronic disease medication .057 .705 .254 .089 -.176 .241 .022 .886

Stroke times -.070 .643 -.172 .254 -.197 .189 .084 .579

stroke pattern .300 .043* .278 .061 .101 .503 -.255 .087

stroke location -.083 .584 -.001 .996 .005 .973 .142 .347

Stroke durations .131 .387 .506 .000** .114 .451 .110 .468

Aphasia .416 .004** .155 .304 -.127 .401 -.333 .024*

Rehabilitation .577 .000** .305 .039* -.136 .369 -.459 .000**

Rehabilitation frequency .405 .049* .156 .465 -.097 .651 -.487 .016*

Pearson Correlation; *p < 0.05, **p < 0.01.
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groups. The pre-test measurement was taken on the day the experimental
group and control group received sunlight therapy and standard care,
respectively. The first post-test measurement was taken two to four
weeks after sunlight therapy and standard care had concluded; the sec-
ond post-test measurement was taken six to eight weeks after sunlight
therapy and standard care had concluded. Improvement efficacies of
dependent variables (TDS score, MMSE score, NIHSS score, and Barthel
index score) were analyzed. In terms of patients' basic attributes, statis-
tically significant differences were observed between degree of depres-
sion improvement and stroke duration (95% CI [.070–.158], p ¼ .000),
age (95% CI [.044–.239], p¼ .005), and gender (95% CI [-.869– -2.744],
p ¼ .000). In addition, there were statistically significant differences
between patients' basic attributes and rehabilitation frequencies (95% CI
[.115–5.523], p ¼ .041), and between patients' degree of daily living
activities improvement and, respectively, rehabilitation conditions (95%
CI [-59.619– -14.899], p ¼ .001) and rehabilitation frequencies (95% CI
[-20.761– -2.867], p ¼ .010).

The analysis of depression improvement efficacies after sunlight
therapy revealed that there were no statistically significant differences
between the pre-test and first post-test results of the experimental group
(95% CI [-.802–3.564], p ¼ .215). There were statistically significant
group by time interactions between the pre-test and the second post-test
results of the experimental group (95% CI [-10.495– -.457], p ¼ .032),
indicating that the effects of sunlight therapy on emotional responses
may be delayed, and were not immediately effective. The analysis of
cognitive function improvement efficacies after sunlight therapy showed
that there were no statistically significant differences between the pre-
test and first post-test results of the experimental group (95% CI
[-.179–1.131], p¼ .154) and the control group (95% CI [-748–1510], p¼
.508), indicating that sunlight therapy had not improved cognitive
functions. The analysis of stroke severity (NIHSS score) improvement
efficacies after sunlight therapy revealed that there were statistically
significant group by time interactions between the pre-test and the first
post-test results of the experimental group (95% CI [-1.535– -.179], p ¼
.013); however, there were no statistically significant differences be-
tween the pre-test and the second post-test results (95% CI
[-1.442–.018], p ¼ .092), indicating that initially, there were remarkable
improvements in stroke severity after the implementation of sunlight
therapy, but that subsequently, the improvements became unremarkable.
The progress of improvement may have been restricted by the low stroke
severity of patients, as well as the process of natural healing. On the other
hand, stroke severity was closely related to daily living activities (Barthel
4

index score). Analysis of daily living activities improvement efficacies
after sunlight therapy revealed that in the experimental group, there
were statistically significant group by time interactions between the pre-
test and the first post-test results (95% CI [.068–6.123], p ¼ .045); and
between the pre-test and the second post-test results (95% CI
[.606–13.679], p ¼ .033), indicating that there were significant im-
provements in patients' daily living activities after receiving sunlight
therapy, which could be related with their proactive participation in
rehabilitation as well (as shown in Table 2 and Figure 2).

5. Discussion

As shown in Table 3, Total of 20 patients were depression symptoms
in these two age groups which 45 to 64 years and 65 years above. An
analysis of the distribution of depressive symptoms showed that there
were 11 patients aged between 45 to 64 years with TDS scores of 9 or
above, which indicates that their depression had reached a critical level.
In an analysis of the relevant PSD risk factors for middle-aged to elderly
patients. The results of this study were similar to those of Alajbegovic
et al. (2014) and Chiu et al. (2014). Their results were highly in accor-
dance with the results of this study, indicating that middle aged and
elderly patients were more likely to develop post-stroke depressive ten-
dencies. Since stroke is the main cause of acquired disability, the fear of
being disabled is more of a concern among stroke patients than the fear of
death (Tsui, 2016; Qian and Hsu, 2018). The role reversal from being
someone others rely on to someone dependent on others (due to dis-
abilities) may be the cause of depression among middle-aged and elderly
groups.

As shown in Table 1, indicating that females had more depressive
symptoms than males. These results were in line with those of Kwa et al.
(1996). Alajbegovic et al. (2014) also observed that depression was
significantly more prevalent among females than males. These differ-
ences may be attributed to the roles women play in their families or work
and their perceived feminine traits, which makes them more prone to
developing depressive emotions when compared to men.

Correlations between basic attributes and degree of depression:
Stroke duration and rehabilitation conditions positively correlated with
depression, which was in agreement with the results obtained by Rob-
inson and Price (1982). Cheng et al. (2005) concluded that there was no
statistically significant correlation between stoke location and depression
among six-months post-stroke patients, which was in agreement with the
results of this study. The results of this study were also not in agreement



Table 2. Analyze and compare the pre-test and the two post-tests results between the two groups by generalized estimating equations.

TDS MMSE NIHSS Barthel Index

B SE p B SE p B SE p B SE p

Intercept 9.095 1.5355 .000** 24.571 1.3745 .000** 2.000 .7408 .007** 87.619 5.9344 .000**

Group

Experimental group vs Control group 2.762 2.2938 .229 1.952 1.5623 .211 1.619 .9954 .104 -4280E-15 7.7755 1.000

Time

Pre-test vs second post-test .952 1.4685 .517 .190 .3409 .576 -.429 .2083 .040* .952 .9885 .355

Pre-test vs first post-test 1.381 1.1137 .215 .476 .3341 .154 -.095 .2511 .704 -.238 .7124 .738

Interaction

Experimental group * second post test -5.476 2.5609 .032* .381 .5761 .508 -.667 .3954 .092 7.413 3.3350 .033*

Experimental group* first post-test -2.476 1.7266 .152 .095 .5003 .849 -.857 .3459 .013* 3.095 1.5448 .045*

Generalized Estimating Equations(GEE); *p < 0.05, **p < 0.01.
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Figure 2. Indicated the change in two groups in pre-test, first post-test and second post-test after sunlight therapy.
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with those of Mitchell et al. (2017) and Wang et al. (2016), who reported
that stroke patients with aphasia were more likely to develop depression
than those without aphasia. This may have been due to differences in the
depression assessment tools used. As depression and rehabilitation were
positively correlated. In relation to stroke severity, there were statisti-
cally significant and positive correlations between stroke type and
respectively, aphasia, rehabilitation conditions, and rehabilitation fre-
quencies. These results were in line with those of Szu et al. (2017), who
found that, among stroke patients, the need to undergo rehabilitation
was significantly correlated to stroke severity. This indicates that as
stroke severity increases, the corresponding comorbidities such as
aphasia or physical disabilities will increase the number and frequency of
rehabilitation sessions. Therefore, depression among stroke patients is
related to their stroke severity.

Correlations between basic attributes and cognitive functions: Lo
et al. (2014) suggested that cognitive functions are positively correlated
with educational level, which was in line with the results of this study,
and indicated that patients' educational level affects their MMSE scores,
as patients with higher educational levels had better cognitive functions.
With respect to marital status, single patients had better cognitive func-
tions, and in this study, all the single patients were aged between 24 and
45 years. The presence of chronic diseases was also related to cognitive
5

functions in this study, as patients with chronic diseases had lower
cognitive functions. In a study by Chen et al. (2016), comorbidities
resulting from the poor management of chronic diseases had statistically
significant impacts on cognitive functions. Some researchers suggested
that the decline in cognitive functions is not only a sign of normal aging,
but could also be due to organ or functioning damages caused by diseases
(Dai et al., 1999). Therefore, the results of this study were in accordance
with those obtained by other researchers.

Correlations between rehabilitation and daily living activities: The
Barthel index was adopted in this study to measure and assess the daily
living activities of stroke patients. The results showed that there were
negative correlations between daily living activities and respectively,
aphasia, rehabilitation conditions, and rehabilitation frequency. The
daily living activities of patients with aphasia were worse than those
without aphasia; the daily living activities of patients in rehabilitation
were worse than those not in rehabilitation; and the daily living activities
of patients with high rehabilitation frequency were worse than those
with low rehabilitation frequency. This indicates that stroke patients who
require higher rehabilitation training frequencies suffer from more se-
vere acquired physical damage, which worsens their daily living activ-
ities. Hsien et al. (2015) concluded that proactive rehabilitation
implemented throughout the post-stroke golden recovery period was



Table 3. The chi-square analysis the TDS (Depression Level) with the age and gender on the pre-test.

Variable TDS
N (%)

p

0~8
(without depression)

9~14
(the distribution of depressive symptoms)

15~18
(depression reached a critical level)

>¼19
(major depression)

Age (year) .391

<¼44 4(66.7) 1(16.7) 1(16.7) 0

45-64 6(35.3) 5(29.4) 1(5.9) 5(29.4)

>¼65 14(60.9) 5(21.7) 2(8.7) 2(8.7)

Gender .030*

Female 7(35) 4(20) 3(15) 6(30)

Male 17(65.4) 7(26.9) 1(3.8) 1(3.8)

Chi-square: *p < 0.05.
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able to decrease the loss of activity and promote improvement in daily
living activities among patients. Their conclusions were in accordance
with the results of this study, but they also suggested that hemorrhagic
stroke patients had better improvements than ischemic stroke patients,
which was not observed in this study. This may be due to the low number
of hemorrhagic patients in this study, which only accounted for around
10% or so of the total sample, such that the improvement efficacies were
not significant.

Post-intervention GEE analyses of the basic attributes and the degree
of depression improvement of the two groups showed that the experi-
mental group, the degree of depression improvement seen at six to eight
weeks after the end of sunlight therapy was related to stroke duration,
age, gender, and rehabilitation frequency.

The one month after the end of sunlight therapy showed that there
were depression improvements statistically significant.The effects of
sunlight therapy on emotional responses may be delayed and not
immediately apparent. However, there is little literature on the imple-
mentation of sunlight therapy to improve depression among stroke pa-
tients. In a similar study, West et al. (2017a,b) utilized the design of
naturalistic lighting that mimicked the natural daytime spectrum varia-
tion in stroke patients' wards and showed that its effect one month after
sunlight therapy on stroke patients depression improvement was statis-
tically significant.

In relation to improvements in daily living activities, after the
experimental group had received the 14-day sunlight therapy, that their
daily living activities (Barthel index score) had improved. However, since
the improvements in daily living activities are correlated with stroke
severity (NIHSS score), the first and second post-test NIHSS scores among
patients in the experimental group were significantly better than their
pre-test scores, which may also have been due to natural healing. On the
other hand, the improvements in daily living activities (Barthel index
score) and stroke severity (NIHSS score) among patients in the control
group were relatively gradual and were not statistically significant.

6. Conclusion

In terms of nursing practice, the results of this study revealed that the
incidence of developing PSD was 47.8%, whereas a study by Chiu et al.
(2014) showed that the PSD prevalence was 30.29%. This indicates that
there has been an increase in PSD among stroke patients; hence it is not
uncommon for stroke patients to develop depressive emotions and dis-
orders. A subsequent analysis of age and gender showed that the degree of
depression was higher amongmiddle-aged and older patients than young
patients, and that females had more depressive symptoms than males.
These findings demonstrate the severity of depression among stroke pa-
tients, which is a problem that affects the patients themselves and their
families or caretakers, and also has impacts on their post-stroke rehabili-
tation and daily living activities during the recovery period. The utiliza-
tion of non-invasive sunlight therapy can be implemented in moderation
6

to improve patients' emotions, promote health and mobility, alleviate
stroke severity, increase levels of vitamin D in the blood, and reduce the
severity of osteoporosis (Sato et al., 2003). Recently, West et al. (2019)
designed a randomized controlled trial and showed that the serotonin
levels in stroke patients in rehabilitation had increased after receiving
naturalistic light therapy, which stabilized their emotions. Indeed, it is
recommended that clinical care professionals should provide relevant
health education to their patients to improve their emotional health.
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