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Abstract Background and Objectives The prevalence of stroke in urban Sri Lanka is estimated
at 10.4 per 1000 and is expected to rise. Post-stroke depression (PSD) is an independent
predictor of poor long-term outcomes. It leads to suboptimal rehabilitation, decreased
quality of life, and increased mortality and is under-recognized. The main objectives of
this study were to estimate the prevalence of depression in stroke, assess factors
associated with PSD, and assess the relationship of PSD to disability.
Materials and Methods A descriptive cross-sectional study was conducted at the
Neurology and Medical Ward, National Hospital of Sri Lanka. Non-probability, conse-
cutive sampling was used to collect data from patients with ischemic stroke admitted
from January 2019 to January 2020. Patients with significant pre-existing depression,
cognitive impairment, and language deficits were excluded. A structured, pre-tested
interviewer-administered questionnaire was used to assess the prevalence and associ-
ated factors of PSD. Beck’s Depression Inventory (BDI) was administered 3 months
following the stroke to screen for depression. Modified Rankin Score (MRS) was used to
assess disability on admission, discharge, and at 3 months.
Results Eighty-one stroke patients were screened. The mean age was 66.6 years
(�standard deviation [SD]: 12.5). Male:female ratio was 1.2:1. Depression at 3 months
of follow-up was observed in 35.8% (95% confidence interval [CI]: 25.4–47.2%) of
participants. Following bivariate analysis, large vessel stroke (p< 0.001), cortical stroke
(p<0.001), frontal lobe lesions (p< 0.001), history of past stroke (p¼ 0.014), and
sexual dysfunction (p¼0.026) were associated with increased risk of PSD. The odds of a
person with severe disability developing PSD was 7.9 times more than a person with a
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Introduction

Stroke is a significant contributor to death and disability world-
wide and is the third leading cause ofdeath in Sri Lanka. Globally,
in 2013, it was estimated that therewere 6.5million deaths from
stroke, 25.7 million stroke survivors, and 113 million disability-
adjusted life years (DALY) were lost due to stroke.1 In Asia, the
overall stroke mortality is higher than that in the Americas,
Australasia, and Western Europe.2 The prevalence of strokes in
urban Sri Lanka was estimated to be 10.4 per 1000 population,3

and the number is expected to rise in the future with a rapidly
agingpopulation.However,with improvements in treatmentand
medical care, overall mortality rates are improving with an
increasing number of stroke survivors with residual deficits
resulting in lostdisability-adjusted life years (DALYs). An estimat-
ed 1,073.6 DALYs were lost per 100,000 population in Sri Lanka
due to stroke comparedwith 706.6 per 100,000 people in Japan,
which has the lowest rate in Asia.1

Post-stroke depression (PSD) is an independent predictor
of poor long-term post-stroke outcome and has been identi-
fied as a condition that leads to unsatisfactory rehabilitation,
decreased quality of life, and increased mortality.4–6 Thus, it
has been described as the “double burden” of stroke. A post-
stroke disability may have a two-way relationship with PSD,
with disability shown as one of the risk factors of PSD.
Treatment of PSD has been shown to improve post-stroke
patients’ activities of daily living.7

PSD is anunder-recognized sequela of stroke andarrivingat
a diagnosis can be challenging, especially when cognitive
impairment and speech disorders are also present.8 There
are risks of bothunder andover-diagnosis. Somatic complaints
such as diurnal variation of mood, disturbances in sleep and
appetite are used in the depression rating scales and theDSM-
5 criteria to diagnose depression.9However, theymayoccur as
part of the sequelae of stroke as well. Untreated PSD can
become chronic and affect long-term prognosis.10

Data on PSD are limited from low-resource settings such
as Sri Lanka. This study aimed to determine the prevalence of
PSD at 3 months following a stroke, identify risk factors
associated with it, and explore the relationship of PSD with
the degree of disability.

Materials and Methods

A descriptive cross-sectional study of patients admittedwith
ischemic stroke to the Neurology units at the National

Hospital of Sri Lanka (NHSL). This is one of three state-run
hospitals that provides healthcare in all medical specialties
including neurology services for the Colombo District. Non-
probability, consecutive sampling was used to collect data
from patients with ischemic stroke admitted from Janu-
ary 2019 to January 2020. All patients more than 18 years
old admitted with ischemic stroke within 2 weeks of the
episode confirmed by either computer tomography (CT) scan
or bymagnetic resonance imaging (MRI) scanwere recruited
for the study. Patients with transient ischemic attacks,
subarachnoid hemorrhage, hemorrhagic stroke, or brain
tumors were excluded from the study. Patients who had
speech disorders such as dysphasia or dysarthria severe
enough to limit effective communication, those who had
Mini-Mental State Examination (MMSE) � 19, previously
diagnosed patients with psychiatric illness were excluded
from the study.

The eligible participants’ information was collected on
admission, at discharge, and after 3 months using an inter-
viewer-administered questionnaire by trained medical offi-
cers. Data were collected on demographic characteristics,
clinical features, risk factors, comorbidities, presence of
sexual dysfunction, stroke type, and location. Medical
records and investigation results were used to collect addi-
tional clinical data. The patient’s disability on admission,
discharge, and at 3 months was assessed using the Modified
Rankin Score (MRS) and National Institutes of Health Stroke
Scale (NIHSS). For the final analysis, MRS was considered.
Twenty-one-item Beck’s Depression Inventory (BDI) scale
validated in Sinhala and Tamil was used to evaluate
the degree of depression at 3 months follow-up after
stroke.11,12 The BDI scale ranges from 0 to 43. Those who
scored more than 17 points on this scale were considered
depressed. The presence of sexual dysfunction was assessed
clinically by the psychiatrist of the team using the DSM 5
criteria defined as the difficulty experienced by the subject
or partner/s during any stage of normal sexual activity,
including physical pleasure, desire, preference, arousal, or
orgasm for both males and females.

The sociodemographic characteristics of the study popu-
lation were described using frequency distributions and the
mean age of the study population. Details of the stroke and
risk factors were described using frequency distributions.
Variables that did not show normal distributions were
presented as medians with interquartile range. As appropri-
ate, statistical testing for associations was performed using

less severe disability at discharge from hospital and at 3months of follow-up (odds ratio
[OR] ¼7.9; 95% CI: 2.7–23.3, p¼ 0.000).
Conclusions PSD occurs in one-third of strokes, keeping with previous studies. The
risk of having PSD is higher among patients with severe disabilities. The difference in
risk factors identified comparedwith previous studies can be attributable to differences
in methodology. Identifying risk factors for post-stroke depression is essential to
mitigate the poor outcome.
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Pearson’s Chi-square test and Fisher’s exact test. A probabili-
ty value of<0.05 was considered significant. The severity of
the disability at admission, discharge, and at 3 months was
compared using a paired t-test. Chi-square was used to
compare the level of severity and depression. Data analyses
were performed using the SPSS version 20.0.

Ethical approval for the study was obtained from the
Ethics Review Committee of the Faculty of Medicine, Univer-
sity of Colombo.

Results

Sociodemographic Characteristics of the Study
Population
Data from a total of 81 patients were analyzed using SPSS
version 25.0. The mean age of the study population was 66.6
(standard deviation [SD]¼12.5) ranged from 28 to 88 years
with male to female ratio of 44 (54.3%): 37 (45.7%). The
majority were Sinhalese (80.2%, n¼65), while 11.1% (n¼9)
were Muslims and 8.6% (n¼7) were Tamils. Fifty-six (69.1%)
wereBuddhists,while therewere12 (14.8%)Catholics, 7 (8.6%)
Islam, and 6 (7.4%) Hindu. Everybody had received primary
education, while 70.4% (n¼57) had completed secondary
education and 16% (n¼13) had received tertiary education.
One-third of the population (33.0%,n¼33)monthly incomeof

10,001–50,000 LKR (1 LKR approx.¼0.0050 USD) while 37%
(n¼30)weremaking less than Rs. 10,000 amonth (►Table 1).

Thirty-nine (48.1%) had hypertension alone, whereas 7
(8.6%) were diabetes alone while 76 (93%) possessed at least
one co-morbidity. More than one-third of the participants
were smokers (35.8%, n¼29). Seventeen patients (21%)
reported sexual dysfunction while two patients (2.5%) de-
veloped urine incontinence at the follow-up of 3 months
after discharge from the hospital.

Stroke Details
Forty-eight (59.7%) left hemispheric, 30 (37%) right hemispher-
ic, one (1.2%) bilateral and 2 (2.5%) brainstem lesions were
observed among study subjects with 21 (25.7%) large vessel
involvement. Forty-one study subjects (50.6%) had cerebral
atrophy. Amongst all lesions, there were 11(13.6%) frontal and
thalamic 4 (4.9%), 20 (24.7%) cortical, 59 (72.8%) sub-cortical
while 2 (2.5%) had both involvements. Eleven (13.6%) of the
study subjects had a recurrent stroke (►Table 2).

Factors Associated with the Development of Post
Stroke Depression
Sociodemographic factors along with details of stroke were
comparedwith thepresenceofPSD(►Table 3). Bivariateanalysis
yielded statistically significant associations between PSD and
stroke subtype (p¼0.000), frontal lesion (p¼0.001), past stroke
(p¼0.014), and sexual dysfunction (p¼0.028) following stroke.Table 1 Sociodemographic distribution of the study

population

Variable No. Percentage
(%)

Gender Male 44 54.3

Female 37 45.7

Racea Sinhala 65 80.2

Tamil 9 11.1

Muslims 7 8.6

Religionb Buddhist 56 69.1

Catholic 12 14.8

Hindu 6 7.4

Islam 7 8.6

Educational
status

Primary 11 13.6

Secondary 57 70.4

Tertiary 13 16

Employment Employed 44 54.3

Unemployed/retired 37 45.7

Monthly
income

< LKR 10,000 30 37.0

< LKR 10,001–50,000 33 40.7

> LKR 50,001 18 22.2

aThere are four main races in Sri Lanka: Sinhala, Tamil, Burgher, and
Muslim

bThere are four main religions in Sri Lanka: Buddhism, Hinduism, Islam,
and Christianity/Catholicism.

Table 2 Stroke details of the study population

No. Percentage (%)

Lateralization

Right hemispheric 30 37.0

Left hemispheric 48 59.3

Bilateral 1 1.2

Brainstem 2 2.5

Subtype

Large vessel 21 25.9

Small vessel 60 74.1

Evidence of cerebral atrophy

Yes 41 50.6

No 40 49.4

Frontal lesion

Present 11 13.6

Absent 70 86.4

Thalamic lesion

Yes 4 4.9

No 77 95.1

Cortical lesion

Cortical 20 24.7

Sub-cortical 59 72.8

Both 2 2.5

Journal of Neurosciences in Rural Practice Vol. 13 No. 1/2022 © 2022. Association for Helping Neurosurgical Sick People. All rights reserved.

Post Stroke Depression Thambirajah et al. 75



Severity of Disability
The mean disability scores on admission/discharge and
discharge/after 3 months were compared using a paired t-
test. The severity of disability (mean¼1.73) at the time of
discharge from the hospital had been significantly less
(p<0.01, 95% confidence interval [CI]: 0.28–0.53) than
that of at the time of admission (mean¼2.14). The difference
in the severity of disability was not significantly associated
(X2¼0.089, p¼0.081) with the development of depression
at the assessment at 3 months after discharge from the
hospital. A person who had no difference in severity had
odds of 1.154 of developing depression compared with a
person who had a difference in severity at the time of
discharge but the result was not statistically significant
(95% CI¼0.45–2.964). Similarly, the patient’s severity of

disability had significantly improved at the end of 3 months
of follow-up period. Severity of disability at 3 months (mean
¼1.35) had been significantly less (p¼0.001, 95% CI: 0.26–
0.50) than that of at the time of discharge (mean¼1.73).

Comparison of Severity of Disability and Post Stroke
Depression
The severity of disability measured 3 months after discharge
from the hospital was dichotomized and compared with
depression status. The odds of a personwith severe disability
developing PSD was 7.912 times more than a person with a
less severe disability at the time of 3 months following
discharge from the hospital (odds ratio [OR]¼7.912; 95%
CI: 2.683–23.335; p¼0.000) (►Table 4).

Table 3 Factors associated with the development of post-stroke depression

Associated factors/risk factors

Associated factor/Independent variable PSD present No PSD OR (1/2) (95% CI) χ2 p-Value

No. %

Stage < 60 years 11 11 0.439
[0.161–1.197]

2.649 0.123

� 60 years 18 41

Gender Male 19 25 0.487
[0.19–1.247]

2.282 0.165

Female 10 27

Race Sinhala 21 44 2.095
[0.691–6.353]

1.749 0.246

Others 8 8

Marital
status

Married 23 49 4.261
[0.978–18.565]

4.196 0.063

Others 6 3b

Religion Buddhists 18 38 1.659
[0.630–4.369]

1.057 0.326

Others 11 14

Educational
status

Up to grade 5 5 6 0.626
[0.173–2.264]

0.516 0.511

Secondary and tertiary 24 46

Monthly
income

< LKR 10,000 24 39 0.625
[0.198–1.974]

0.648 0.579

� LKR 10,000 5 13

Subtype Large vessel 15 6 0.122
[0.04–0.373]

15.65 0.001

Small vessel 14 46

Cerebral atrophy Yes 15 26 0.933
[0.376–2.316]

0.02 1.00

No 14 26

Frontal lesion Presence of a frontal lesion 9 2b 0.089
[0.018–0.448]

11.72 0.001

No frontal lesion 20 50

Thalamic lesion Presence of a thalamic lesion 0a 4b NAa 2.34 N/Aa

No thalamic lesion 29 48

Past stroke Yes 8 3b 0.161
[0.039–0.666]

7.55 0.014

No 21 43

Smoking Yes 14 15 2.302
[0.896–5.915]

3.05 0.095

No 15 37

Sexual dysfunction Yes 10 7 0.296
[0.98–0.892]

4.96 0.028

No 19 45

aRemoved from the analysis due to the absence of study subjects who had depression and thalamic lesions.
bFishers’ exact test was applied to arrive at more accurate results for small samples.
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Discussion

The pooled prevalence of PSD of hospital-based stroke
patients was reported in a systematic review and was 35%
(95% CI: 24%–46%).13 This finding was similar to the preva-
lence of PSD in our study. However, the prevalence rates of
PSD can range from 25% to 79% in different studies.7,14 This is
due to themethodological differences between studies. How
depression was identified and measured varies in studies;
some use PSD-specific scales, whereas others use more
general scales.15A study that compared screening properties
of BDI, Hospital Anxiety and Depression scale-depression
subscale (HADS-D), Hamilton Rating Scale for Depression
(HAMD), and Montgomery-Asberg Depression Rating Scale
(MADRS) in PSD concluded that discriminating abilities of all
scales for PSD were good.16 However, misclassification was
influenced by demographic characteristics and stroke sever-
ity, particularly for BDI and HAMD. Thismight be a limitation
in our study as we used BDI for screening. The BDI is a
validated screening tool in the Sri Lankan setting, is widely in
use, and is a strength for this study.11 Inclusion criteria also
vary considerably. For example, patients with aphasia or
dementia were excluded in certain studies.15 As mentioned
before the diagnosis of PSD can be difficult especially in
patients with aphasia and other cognitive deficits such as
memory loss, agnosia, and apraxia. This is due to the symp-
toms of stroke or depression overlapping, making them
indistinguishable from each other. Moreover, it is essential
to differentiate PSD from post-stroke apathy, which affects
�40% of stroke patients and is characterized by reduced
motivation/goal-directed behavior, and impaired emotion
and cognition.17 It is for this reason that patients with such
deficits were excluded from our study. Inclusion criteria also
differed with regard to the target populations, age groups, or
phases of the disease (acute:within 3months versus chronic:
after 3 months).15 The setting in which stroke patients are
assessed can also have an impact on the prevalence of PSD.
For instance, the rate of PSD in the community can be lesser
than that in a hospital-based setting.15,18

The frequency of PSD is the highest in the first year after
the stroke and declines after 12 months.17 A large Danish
study with > 150,000 patients hospitalized for stroke ob-
served that the riskwasparticularly high in thefirst 3months
after the vascular event (OR¼8.99; 95% CI:¼ 8.61–9.39).19

This may be due to the following factors: higher disability,
greater medical burden, and lower independence due to
stroke-related deficits. Furthermore, social support is sup-
posed to have a protective effect reducing PSD chance
through emotional support, motivation for treatment, and

support with daily functioning. PSD in our cohort was
associated with a higher degree of physical disability at
3 months, thus causing a lower degree of independence in
such patients with stroke. This reinforces the findings of
previous studies and lends support to the above premise,
which explains the higher prevalence of PSD in our cohort.20

Stroke laterality has been proposed as a risk factor for PSD.
However, rates of PSD based on laterality remain inconsis-
tent. Mitchell et al demonstrated a statistically significant
difference, with PSD occurring in 34% of left-sided lesions
versus 18% of right-sided lesions (OR¼1.50; 95% CI: 1.29–
1.74).21 However, although Douven et al found that those
with left-sided stroke had a 26% higher risk of developing
PSD, this difference was not statistically significant (OR
¼1.26; 95% CI: 0.95–1.67).22 We did not find a statistical
difference between PSD occurring in dominant and non-
dominant hemisphere strokes. However, this may be due to
strokes with dysphasia and severe cognitive deficits (often
observed in left or dominant hemisphere strokes) being
excluded from the study.

Large and multiple strokes are predictive of higher fre-
quencies of PSD, suggesting that greater neurological tissue
loss serves as a risk factor for PSD.23 Our study observed this
with large artery stroke and previous history of strokehaving
a positive association with PSD. This was observed in previ-
ous studies as well, though some studies have contradicted
this finding.23 More recent studies have implicated subcor-
tical whitematter involvement as a risk factor for PSD, which
was not observed in our study.23

Previous studies have suggested that frontal lobe/anterior
strokes were associated with higher rates of PSD when
compared with strokes in other areas.24 A recent meta-
analysis found that this relationship was statistically signifi-
cant in the post-acute phase, defined as any time from
15 days to 6 months (OR¼1.72 and 95% CI¼1.34–2.41 for
the frontal lobe).22 Furthermore, several DTI studies in
patients with a depressive disorder report structural alter-
ations of fronto-striato-thalamic pathways and anterior
interhemispheric connections. These are pathways in con-
necting brain regions and networks involved in tasks such as
decision-making, emotional regulation, and reward process-
ing, which may explain the higher association of PSD with
lesions involving the frontal region.25 Such lesions can lead to
interruption of monoaminergic pathways implicated in
mood regulation.26Our studyobserved a positive association
with frontal lobe lesionswith PSD similar to previous studies
although we did not observe a positive association with
thalamic lesions. The difference observed could be due to
limitations in sample size (only four thalamic strokes were

Table 4 Comparison between severity of symptoms and post-stroke depression among the participants

Disability at 3 months after discharge (n¼ 81) Depression OR
[95% CI]

χ2 p-Value

Yes No

Severe disability 16 (19.7%) 7 (8.6%) 7.912
[2.683–23.335]

15.930 0.000

Absence of severe disability 45 (55.5%) 13 (16.0%)
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observed), inaccuracies in visual assessment of the lesion
(more accurate techniques of lesion analysis include: lesion
segmentation, methods of brain registration to standard
space, voxel-based statistics)23 and certain strokes being
excluded due to exclusion criteria.

Several studies found a strong correlation between PSD,
anxiety, and sexual dysfunction (SD), as seen in our study.27

Post-stroke SD is quite common with a prevalence ranging
from 20 to 75% and it is commoner in males. The etiology of
SD can be multifactorial following stroke. Risk factors for
post-stroke SD include lesions involving the thalamus, non-
dominant parietal lobe, insular and cerebellum, physical
dysfunction, PSD itself, co-morbidities such as diabetes,
ischemic heart disease, and hypertension affecting the vas-
cular endothelium supplying the sexual organs, and auto-
nomic dysfunction.27

We did not observe significant associations with age, sex,
and level of education with PSD. Evidence of age as a risk
factor for PSD is conflicting. Two previous studies reported
that age<70 was a risk factor for PSD28,29. However, two
other studies found that older individuals were at higher risk
for PSD.19,30 Studies have found that female sex and lower
educational level were risk factors for developing PSD17,31.

Personal history of psychiatric illness, family history of
psychiatric disorders, and a higher degree of neurosis are
pre-existing conditions that predict PSD.17 However, such
patients in our study were excluded as it was difficult to
differentiate depression following a stroke from pre-existing
depression. A caveat with this means that individuals with
resolved pre-existing depression who experienced PSD
would have been excluded, leading to underestimating the
true prevalence of PSD.

Limitations to our study include the restricted sample
size, attributable to attrition at 3-month follow-up, as the
screen for depression was conducted during this time. Fur-
thermore, the exclusion of subjects with severe cognitive
impairment and language deficits due to the ability to
comprehend the screening questions and the difficulty in
differentiating actual depressive symptoms from symptoms
due to the stroke itself, such as apathy, also contributed to a
smaller sample size. Thus, the true prevalence of PSD may
have been an underestimation. Furthermore, stroke with
severe disability was excluded from the study; thus, corre-
lating the degree of disability with PSD occurrence may not
be accurate. While stating limitations in sample size in our
study, recent studies highlighting the prevalence of PSD in
cohorts of patients in Saudi Arabia and China published data
on 50 and 91 stroke subjects respectively.32,33 The lack of
prevalence studies in the South Asian region also adds
further value to the data in the present study despite its
limitations.

An earlier study done in Sri Lanka in a similar setting
revealed a prevalence of PSD 28% similar to our study.34 They
found that female gender, duration of pre-existent hyper-
tension, Barthel index (degree of disability), and temporal
lobe involvement were independently associated with PSD.
The main methodological differences in this study were:
depression was assessed within one month of stroke, de-

pression was diagnosed by a single psychiatrist based on the
ICD-10 criteria, and patients with both ischemic and hemor-
rhagic strokes were included. Such differences probably
explain the differences in risk factors.

Conclusion

PSD is often underrecognized and is a barrier to optimal
rehabilitation in clinical practice. This study highlights the
prevalence of PSD in a cohort of stroke patients in the
hospital setting andmirrors the already observed prevalence
in previous studies conducted in similar settings. This study’s
risk factors for PSD include the severity of the disability, large
artery stroke, cortical stroke, frontal lobe lesions, past histo-
ry of stroke, and sexual dysfunction. Differences in risk
factors for PSD in different studies emphasize the need for
large-scale multi-centered studies with a consensus on the
diagnosis of PSD and studies of patients in different settings
(hospital, community, etc.). This would allow for more
accurate identification of risk factors for PSD, which is vital
to mitigate poor stroke outcomes.
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