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Objectives: Stroke is the second most common cause of death and a major cause of
disability. Besides the physical consequences, depressive symptoms are frequent in
the aftermath after stroke. Every year, approximately 15 million stroke survivors
worldwide are at risk of developing post-stroke depression. In this study we
describe the natural course of depressive symptoms in stroke patients over a long-
period of time post stroke and identify associated determinants. Materials and
methods: From the Second Manifestations of ARTerial disease-Memory, depression
and aging (SMART-Medea) study, an observational prospective cohort study, we
selected patients with cerebrovascular disease, and used the biannually collected
data of the Patient Health Questionnaire-9 for depressive symptoms. A score of
�10 indicated the presence of depressive symptoms. A multinomial logistic regres-
sion analysis was used to identify prognostic determinants for courses of depressive
symptoms after stroke. Results: During a mean follow-up time of 7.9 years, 62% of
the 172 participants was never depressed, 19% had a single episode and 19% had
recurrent depressive symptoms. Physical function was associated with increased
risk for single episode and recurrent depressive symptoms (OR=1.06 [1.01-1.11]).
OR’s for social, mental and (vascular) comorbidities variables were not significant.
Participants’ physical function was only measured at baseline. Several relevant vari-
ables were not present in this dataset, including information about clinical events
during follow-up. Conclusion: Nearly 40% of the participants are confronted with
depressive symptoms on the long-term. Physical function plays a substantial part
for stroke survivors in the development of these symptoms.
Key Words: Post stroke depression—Natural course—PHQ-9—Physical function
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Introduction

Stroke is one of the leading causes of mortality and a
major cause of disability, due to impairments in function-
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2 A. DE BEKKER ET AL.
disturbances.13,50 Every year 15 million people suffer from
stroke,30 in the Netherlands, 40.000 patients have a stroke
each year28 Most stroke patients survive the initial illness
and the greatest health effect is usually caused by the
long-term consequences.36

Stroke survivors’ initial goal is to recover to their pre-
stroke level of functioning.19 Nevertheless, approxi-
mately 50% of the stroke survivors will remain, at least
to some extent, permanently dependent on the assistance
of others in their daily life.27,41 This permanent need for
assistance negatively affects the psycho-social well-being
of stroke survivors.15 Common psychological conse-
quences after stroke are depressive feelings, fatigue, anx-
iety- and sleep disorders.36 Psychosocial consequences,
such as depressive symptoms, often hinder optimal
recovery from stroke.18 These depressive symptoms are
associated with higher functional dependency, poor
prognosis for further recovery, significant loss of quality
of life, and higher mortality after 12 months within
stroke survivors.5,9,32,33

Depressed feelings, reduction of pleasure in activi-
ties (anhedonia), diminished concentration and fatigue
or loss of energy are examples of depressive symp-
toms according to the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-V).1 Many studies
describe an increased prevalence of depressive symp-
toms in the first five years after stroke,10,25 with a
pooled estimate of 31% (95% CI, 28-35%) in all stroke
survivors at any time up to five years post-stroke.26 In
comparison, the lifetime prevalence of experiencing
depression in the general population is around 20%.24

Less is known, however, about the prevalence of these
symptoms after those first five years post-stroke.3 One
study reported a depression frequency of 19% during
a seven year follow�up.12 A more recent study found
a 55% cumulative incidence of depressive symptoms
during a 15 year follow-up.2 Furthermore, from
patients with cardiovascular disease it is known that
depressive symptoms show various courses over time
and 30% of these patients showed an intermittent or
chronic course.32

There is, however, limited knowledge about the nat-
ural courses of depressive symptoms in stroke survi-
vors on the long-term, in particular after the first five
years post-stroke.3 Moreover, factors such as a history
of mental disorders, stroke severity, sex and age are
known to be associated with depressive symptoms.4,45

But it is unknown whether these factors are likewise
related to long-term depressive symptoms after stroke.
Therefore, the aim of our study was to describe the
natural course of depressive symptoms in stroke survi-
vors over a long-term period and to identify which
prognostic determinants are associated with the vari-
ous courses of depressive symptoms after stroke.
Method

Study design

We conducted a secondary data analysis with data col-
lected as part of the Second Manifestations of ARTerial
disease-Memory, depression and aging (SMART-Medea)
study, an observational prospective cohort study in
patients with a history of vascular diseases referred to the
University Medical Center Utrecht (UMC Utrecht) in the
Netherlands. The SMART-Medea study is an ancillary
study to the SMART-MR study,32 which has been
described in further detail elsewhere.22 For our study, we
selected from this cohort all patients (n=192) with a diag-
nosis related to cerebrovascular diseases, including a
diagnosis of Transient Ischemic Attack (TIA), medical
diagnosis of stroke at inclusion or a medical history of
stroke, regardless of the presence of depressive symptoms
at baseline. From this selection of participants, we
excluded patients who had less than three follow-up
measures of depressive symptoms, in order to determine
the course of depressive symptoms over time. The study
was approved by the ethics committee of the UMC
Utrecht and stated as non-WMO (file number
NL45885.041.13). This secondary data-analysis followed
the Dutch code for Health Research from the biomedical
research community.
Measures

Depressive symptoms

The primary outcome is the natural course of depres-
sive symptoms. Depressive symptoms were measured
using the Patient Health Questionnaire-9 (PHQ-9). The
PHQ-9 is a commonly used screening tool to identify the
presence of depressive symptoms in stroke survivors in
the past two weeks.8 The PHQ-9 items are based on the
nine DSM-V symptoms for Major Depressive Disorder.1

The PHQ-9 scores ranges from 0 to 27, with higher scores
indicating more severe depressive symptoms.34 The diag-
nostic accuracy of the PHQ-9 in stroke survivors is best at
a cut-off point of 10.14,23,37 For describing the natural
courses of depressive symptoms, four courses were
defined using criteria by Kooistra et al.32 For this study a
change was made in the cut off value Kooistra et al used
because of the focus on stroke survivors.
Four courses were distinguished: a) never depressed,

defined as having on all time points a PHQ-9 total score
below the cut-off point of 10; b) single episode, defined as
having one measurement on all time points �10; c) inter-
mittent course, defined as >1 episode but less than 75% of
the measurements on all time points �10; d) chronic
course of depressive symptoms, defined as � 75% of the
measurements on all time points �10. Participants were
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asked to fill in the PHQ-9 questionnaires biannually dur-
ing the time a subject participated in the study. Missing
values of PHQ-9 item scores were imputed with the mean
score of that independent measurement of the subject if
not more than four items were missing. Other variables
were not corrected for missing data.
Independent variables

Data were collected at baseline using a questionnaire
concerning a broad range of determinants, including sex
(female or male), age (in years), level of education (low,
middle or high level of education), marital status (‘mar-
ried/relationship’ or ‘divorced, widowed or single’),
employment (‘employed’ or ‘unemployed, retired or inca-
pacitated’), Body Mass Index (BMI) (continuous scale),
physical function (Groningen Activity Restriction Scale-4
(GARS-4), scores 18-72), smoking (pack years), alcohol
consumption (‘drinker’ or ‘non-drinker’), history of
depressive symptoms (yes or no), life events in previous
year (List of Threatening Experiences) (�1 yes or no), dia-
betes mellitus type 2 (DM2) (yes or no), hypertension (yes
or no), hyperlipidemia (yes or no), cognitive functions
(Mini-Mental State Examination (MMSE), scores 0-30) and
vascular diseases (abdominal aortic aneurysm, coronary
artery disease or peripheral arterial disease) (yes or no).
The determinants we selected to use for the current study
are known to be related to depression and/or stroke
according to the literature.3,42,48
Statistical analysis

Statistical analysis was performed using SPSS Statistics
25.0 (IBM Corporation, Armonk, NY, USA).
We a priori calculated the required sample size given a

F test (ANOVA) in our main analyses using G*Power
3.1.9.2. Effect size 0.4, a 0.05 and power of 0.80, resulting
in a sample size of 76 participants.
Based on PHQ-9 sum scores participants were catego-

rized in one of four groups reflecting different courses of
depressive symptoms. The following method was used:
scores on the PHQ-9 were dichotomized, sum score
<10 = 0 indicating no depressive symptoms and sum score
�10 = 1, indicating depressive symptoms present. These
dichotomous scores were summed over the years per
unique participant into a cumulative score. When the
Table 1. Variable groups

Groups Va

Group 1: Social Ed

Group 2: Mental Lif

Group 3: Comorbidities Al

Group 4: Vascular Hy
aMMSE= Mini Mental State Examination;
bBMI= Body Mass Index
cumulative score was 0, participants were categorized in
the group ‘never depressive symptoms’ and with a cumu-
lative score of 1 to ‘single episode’. With a cumulative score
of>1 the number of measurements was taken into account.
When less than 75% of the measurements scored 1, partici-
pants were categorized to the group ‘intermittent course’,
and when more than 75% to the group ‘chronic course’.
Baseline characteristics of the four courses of depression:

a) never depressed; b) single episode; c) intermittent
course; d) chronic course of depressive symptoms are pre-
sented using descriptive statistics. The continuous variables
age, BMI, GARS-4 and MMSE were summarized using
mean number and SD, smoking by median and IQR. Cate-
gorical variables sex, level of education, marital status,
employment, alcohol consumption, history of depressive
symptoms, life events, DM2, hypertension, hyperlipidemia
and vascular diseases were summarized using numbers
with percentages. Numbers of missing data were described
for each variable in the baseline table.
Variables were compared between the four different

courses of depression. For continuous variables the
ANOVA, Kruskal-Wallis or Welch test were performed,
depending on homogeneity of variances and sample size.
For categorical variables the Fisher’s exact test was per-
formed on account of small groups. When a significant
difference is found between groups, coincidence is still a
possibility. By correcting for the number of tests with a
post-hoc analysis, type 1 error is prevented. Significant
differences between the groups were analysed through
Games-Howell post-hoc tests, to identify which specific
group is accountable.
We performed a multinomial logistic regression analy-

sis to calculate odds ratio’s (OR) for the association
between the different course types of depression and
independent variables. The category ‘never depressed’
was chosen as the reference group for each course of
depression.21 To fulfill the statistical requirements and
prevent overfitting the model, we used a 2-step procedure
to determine prognostic determinants for depressive
symptoms after stroke. All fourteen variables except age
and sex were categorized in four groups (Table 1). Group
1 included variables on the social environment, group 2
mental risk factors, group 3 comorbidities and group 4
included vascular comorbidities.
First, the multinomial logistic regression analysis (MLR)

was performed for each variable separately. Second MLR
for two-step analysis.

riables

ucation level, marital status and employment

e events, history of depression, MMSEa and physical function

cohol, smoking, Diabetes Mellitus type 2 and BMIb

pertension, hyperlipidemia and vascular comorbidities
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was performed for each group of variables separately. To
identify significant variables in each of these groups,
backward stepwise selection based on a likelihood-ratio
test with a P value of 0.1 was used. Third, the determi-
nants which turned out significant in step two were
selected for the final model and validated with backward
stepwise selection in MLR.

Results

Participants and demographic data

Of the 192 participants 20 (10.4%) were excluded
because of < 3 follow-up measures of the PHQ-9. The
mean age of our sample of participants (n=172) was 63.3
(SD 9.8) and 131 (76.2%) were male. At baseline 140
(81.4%) of the participants were married, 125 (72.7%) had
a medical history of hypertension and the median smok-
ing pack years was 19.4. At baseline 79 (45.9%) partici-
pants reported a medical history of mood disorder or
anhedonia. The mean physical function score on the
GARS-4 was 21 (SD 8.1). Participants’ baseline character-
istics are presented in detail in Table 2.
Participants differ in follow-up time, ranging from 1.5

to 10.5 years with an average of 7.9 years (SD 2.4). Fur-
ther, not all participants filled in the PHQ-9 questionnaire
biannually, resulting in variation in number of question-
naires (mean 11.4, range 3-15) (Table 2). Analysis of miss-
ing values of all determinants was performed and
showed a maximum of 5.8% missing variables per vari-
able, distributed among 16% of the cases. Life events and
smoking pack years were responsible for more than half
of the missing values. In the long-term data 2.3% of the
PHQ-9 measurements were missing.

Courses depressive symptoms

The calculation of the participants’ course of depressive
symptoms in the years following stroke showed that 107
(62.2%) participants were identified as being never
depressed. Within 33 (19.2%) participants a single episode
of depressive symptoms was identified. An intermittent
course was identified in 24 (14%) participants, and the
chronic course of depressive symptoms was identified in
8 (4.7%) participants.
No significant differences were found between courses

of depressive symptoms and baseline variables. Except
for the level of education and the GARS-4 score (Table 2),
but after Games-Howell post-hoc analysis both significant
differences were refuted.

Multinomial logistic regression

Few participants (n=8) were identified with a chronic
course of depressive symptoms. To perform appropriate
statistical analyses, this group was merged with ‘intermit-
tent course’ (n=24), and renamed as ‘recurrent depressive
symptoms’ (n=32). Univariate multinomial logistic
regression analysis (MLR) resulted in OR’s per variable
(Table 3). Next part of the analysis included the two-step
selection of prognostic determinants. Within each group
of variables (Table 2), those significantly associated with
the course of depression were identified: physical func-
tion, alcohol consumption and high education. These vari-
ables were entered in the final MLR model and corrected
for age and sex. The conditions for the model were satis-
fied, as tests on tolerance and Variance Inflation Factor
showed.
In the final model, MLR analysis showed little differen-

ces in variables between the courses of depressive symp-
toms after stroke. The physical function score on the
GARS-4 was a significant determinant for a single episode
(OR=1.06 [1.01-1.11]) and recurrent depressive symptoms
(OR=1.06 [1.01-1.12]). Alcohol consumption and high
education did not remain to significantly explain the
course of depressive symptoms (Table 3). Lower level of
physical functioning was associated with a single and
recurrent course of depressive symptoms compared to no
depression.
Discussion

The aim of our study was to describe the natural course
of depressive symptoms in stroke survivors over a long-
term period and to identify which prognostic determi-
nants are associated with the various courses of depres-
sive symptoms after stroke. Overall, around 40% of the
people in this cohort experienced depressive symptoms at
least once during ten years follow-up. Of them, the major-
ity suffered from a single episode, one third had intermit-
tent depressive symptoms and less than a quarter
suffered from a chronic course of depressive symptoms.
Lower level of physical function at baseline was associ-
ated with courses of depressive symptoms after correcting
for other variables.
The results in this study endorse that depressive symp-

toms are a serious problem after stroke. The 40% with a
follow-up time of 10 years is comparable with the cumula-
tive incidence of 31% (follow-up 5 y) and 55% (follow-up
15 y) reported earlier,26,2 and suggest that the cumulative
incidence increases over time. It should be noted that
these studies are not completely equivalent, Ayerbe et al.
uses a screening instrument in a hospital based popula-
tion, this applies to half of the included studies by Hackett
and Pickels, 2014.26 Nevertheless, it seems the longer
stroke survivors are followed over time, the more often
depressive symptoms occur. This could be an indication
that prevalence of depressive symptoms increases over
time. This might be explained by physical functioning.
Our study revealed that baseline physical function is

associated with the presence of symptoms of depression
over time. This is consistent with literature, where physi-
cal impairments were found to be associated with the
presence of depressive symptoms in stroke survivors.4,35



Table 2. Baseline characteristics on courses of depressive symptoms after stroke.

Total (n=172) Never depressed (n=107) Single episode (n=33) Intermittent (n=24) Chronic (n=8) P value Missing (n)

Follow-up in years mean, range (SD) 7.9

1.5- 10.5

(2.4) 8 (2.3) 7,8 (2.3) 7.4 (2.7) 7.3 (2.2) .4962

Number of PHQ-9a measurements

mean, range (SD)

11.4

3-15

(3.8) 11.8 (3.8) 11,2 (3.6) 10.5 (4.4) 9.4 (3.8) .1072

Age (years) mean (SD) 63.3 (9.8) 63.6 (9.5) 63,4 (11) 62.3 (10.7) 60.9 (8.2) .8411 0

Sex, female n (%) 41 (24) 23 (21) 7 (21) 8 (33) 3 (38) .4353 0

Social

Level of education n (%)

Low

Middle

High Level

45

62

65

(26)

(36)

(38)

25

33

49

(23)

(31)

(46)

10

15

8

(30)

(46)

(24)

5

13

6

(21)

(54)

(25)

5

1

2

(62)

(13)

(25)

.0293* 0

Marital status n (%)

Married or relationship

Divorced, widowed or single

140

32

(81)

(19)

87

20

(81)

(19)

29

4

(88)

(12)

18

6

(75)

(25)

6

2

(75)

(25)

.6013 0

Employment n (%)

Employed

Unemployed/retired/incapacitated

39

133

(23)

(77)

28

79

(26)

(74)

5

28

(15)

(85)

4

20

(17)

(83)

2

6

(25)

(75)

.5323 0

Mental

Life-events, �1 n (%) 94 (55) 53 (50) 21 (64) 16 (67) 4 (50) .5063 10

History of depressive symptoms n (%) 79 (46) 43 (40) 18 (55) 14 (58) 4 (50) .2213 2

MMSEb mean (SD) 28.5 (1.7) 28.5 (1.6) 28.8 (1.2) 28.2 (2.5) 28.3 (1.3) .6732 3

GARS-4c mean (SD) 21.7 (8.1) 20.2 (5.9) 23.9 (10.8) 24.7 (10.8) 23.1 (8) .0082* 3

Comorbidities

Alcohol use n (%)

Non drinker

Drinker

51

119

(30)

(69)

29

77

(27)

(72)

7

25

(21)

(76)

12

12

(50)

(50)

3

5

(37)

(63)

.1043 2

Smoking (pack years) median (IQR) 19.4 (29) 21.8 (29) 26 (32.6) 16.8 (28.7) 10.6 (23.7) .5512 10

Diabetes Mellitus type 2 n (%) 35 (20) 18 (17) 8 (24) 6 (25) 3 (38) .3233 0

BMId mean (SD) 27 (3.9) 26.8 (3.3) 27.9 (4.1) 26.7 (5.6) 27 (4) .5604 0

Vascular

Hypertension n (%)

Hyperlipidaemia n (%)

125

38

(73)

(22)

78

24

(73)

(22)

24

7

(72)

(21)

17

4

(71)

(17)

6

3

(75)

(38)

.9783

.6703
2

2

Vascular comorbiditiese n (%) 64 (37) 40 (37) 13 (39) 9 (38) 2 (25) .9393 0
aPHQ-9= Patient Health Questionnaire 9;
bMMSE= Mini Mental State Examination;
cBMI= Body Mass Index;
dGARS-4= Groningen Activity Restriction Scale 4;
eAbdominal aortic aneurysm, Coronary artery disease or Peripheral arterial disease;
1ANOVA test.
2Kruskal-Wallis
3Fisher’s exact test,
4Welch test;*P value below .05
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Table 3. Univariate multinomial logistic regression analysis on courses of depressive symptoms after stroke.

Never is the reference category

Single episodea Recurrent episodesa

OR 95% CI OR 95% CI

Age (years) 1.00 (0.96-1.04) 0.98 (0.94-1.02)

Sex 1.02 (0.39-2.64) 0.52 (0.22-1.24)

Social

Level of education

Middle vs Low 0.54 (0.24-1.19) 0.57 (0.26-1.29)

High vs Low 2.64* (1.09-6.38) 2.53* (1.05-6.15)

Marital status 1.67 (0.53-5.28) 0.69 (0.27-1.76)

Employment 0.50 (0.18-1.43) 0.65 (0.24-1.75)

Mental

Recent life-events 0.66 (0.29-1.48) 0.58 (0.25-1.36)

History of depressive symptoms 0.58 (0.26-1.25) 0.49 (0.22-1.11)

MMSEb 1.14 (0.86-1.52) 0.90 (0.73-1.11)

GARS-4c 1.06* (1.01-1.11) 1.06* (1.01-1.12)

Comorbidities

Alcohol use 0.74 (0.29-1.90) 2.34* (1.04-5.29)

Smoking (pack years) 1.00 (0.98-1.02) 1.00 (0.98-1.02)

Diabetes Mellitus type 2 0.63 (0.25-1.62) 0.52 (0.21-1.30)

BMId mean 1.07 (0.98-1.18) 1.00 (0.90-1.12)

Vascular

Hyperlipidaemia 0.99 (0.38-2.58) 1.03 (0.40-2.68)

Hypertension 0.93 (0.37-2.31) 1.09 (0.45-2.64)

Vascular comorbiditiese 0.92 (0.41-2.05) 1.14 (0.50-2.61)
aNever depressive symptoms is the reference category
bMMSE= Mini Mental State Examination;
cGARS-4= Groningen Activity Restriction Scale 4;
dBMI= Body Mass Index;
eAbdominal aortic aneurysm, Coronary artery disease or Peripheral arterial disease;
*P value below .05
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People who are less independent in activities in daily liv-
ing after their stroke, more often suffer from feelings of
depression. Subsequently, when these stroke survivors
suffer from depressive symptoms their physical activity is
likely deteriorate.43 We know that being active is protec-
tive against depression for stroke survivors.6,35 This
applies on the long term as well.38,39 But most stroke sur-
vivors get inactive and in poor condition, and their physi-
cal function diminishes with age.51 This increases the risk
for depressive symptoms again. This downward spiral
can cause symptoms of depression to persist or even
worsen during life.
In our study physical function was found to be associ-

ated with single and recurrent episodes of depressive
symptoms after stroke. Subgroup analysis resulted in
multiple possible determinants; physical function, alcohol
consumption and high education. Thereafter, the MLR
only showed physical function to be significant. This
result is comparable with the meta-analysis and review
mentioned earlier, where physical disability and func-
tional dependency were identified as determinants for
depression after stroke.4,35 Our study varied since it did
not confirm baseline cognitive impairment to be a
prognostic determinant associated with depressive symp-
toms after stroke.
Physical function was measured with the GARS-4, a

non-disease-specific instrument to measure disability in
activities of daily living (ADL) and instrumental ADL
(IADL).47 The questionnaire is easy to administer, com-
prehensive and a valid measure for assessing disability in
older people.31 Notable, participants had surprisingly
good physical function at baseline according to the
GARS-4. Compared to other studies where stroke survi-
vors report worse physical function.44 Mean score was 21
on a scale of 18 to 72, where higher scores indicate more
serious restrictions.17 This might partly be caused by the
exclusion criteria ‘being dependent of others in activities
in daily living’ that was used in the SMART cohort,46

inducing a sample which is relatively ‘healthy’ with
regards to physical functioning.
The physical function OR in the multinomial regression

is very close to 1, and the question arises about clinical rel-
evance. Several things should be taken into account. The
relatively ‘good’ physical function score at baseline limits
us from saying anything so confidently about the found
association. But this apparently minor influence of
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physical function was calculated by merely one measure-
ment. Literature suggests to interpret such indices as a
measure of effect size. To prevent undervaluing the effect,
impact should be based on clinical rates as well.7 Accord-
ing to the current study, a worse GARS-4 score at baseline
could make a difference to what extent stroke survivors
suffer from depressive symptoms as the years follow.
Thus, it emphasizes the importance of early awareness of
physical function in patients with arterial disease
further.29,44

On the other side, the question arises if the associa-
tion of physical function is higher in reality. A different
stroke survivor database, with a lower, but more gen-
eral, physical function score might have led to a higher
OR. Because a reduced level of physical activity over
time is found to increase the risk of developing depres-
sion relative to remaining active or increasing activity
levels.38 Although stroke survivors are capable of
achieving great physical progress with rehabilitation,
nevertheless physically deteriorate more as the years
follow.25 We assume that the risk for physical deteriora-
tion is equal in all four course type groups. But sicker
stroke survivors are more likely to experience poorer
health in subsequent years, leading to a greater likeli-
hood of depressive symptoms.27

Strengths and limitations

Using an existing database has led to several restrictions
concerning interpreting the findings of the study. Our
study population consisted largely of men. Partially
explainable since the incidence of stroke in men is greater
than in women.49 This may justify why the determinant
sex was not significantly associated, compared to previous
studies.16,45 But, sex differences are an important point of
attention in stroke, mentioned by Condonnier et al.11

The relatively healthy sample with regards to physical
function, resulted in that the findings of our study are less
generalizable to the general stroke population. In addi-
tion, there were no follow-up measurements on physical
function. Therefore, we can only say something about the
relationship between baseline physical functioning and
depressive symptoms. It is important to realize that all
variables are measured at baseline only. However, over
time many more aspects have influenced the presence of
the depressive symptoms that we are unaware of.
Moreover, the time span between participants’ stroke

and time of answering the baseline questionnaire was
unknown. We can therefore describe the study population
less precisely. This essential information was missing as
well as data about participants’ health and life events in
the years following. We have no insight into what hap-
pened in the following years.
Several relevant variables were not part in this dataset:

fatigue, stroke severity (extinction between participants suf-
fering from cerebral hemorrhage, cerebral infarction or TIA)
and clinical events (clinical diagnosed depression and clinical
events during follow-up). Also, only the level of depressive
symptoms could be assessed during follow-up instead of a
clinical diagnose of depression. It is thus possible that the
absolute percentages are lower since PHQ-9 sensitivity is not
perfect for depression diagnosis.40

Strength of this study was the long follow-up period up
to ten years, since limited research is done on post-stroke
depression on the long-term. The frequent measurements
of depressive symptoms present a detailed description
about the courses over a long-period of time. Further-
more, sample size was relatively large and the response
rates during all PHQ-9 follow-up measurements were
high. Due to a low number of participants in the chronic
and intermittent group, the new group was made. By
merging these groups and the two-step method for select-
ing variables, overfitting was prevented.
More research on the long-term should be done to vali-

date these results and to enable systematic research.
Future studies should focus on a different cohort with
more extensive and repeating measurements on partici-
pants’ health. Which can then be used to evaluate and
improve current guidelines concerning stroke survivors
and physical function.
In conclusion, in this cohort almost 40% of the partici-

pants suffers from depressive symptoms at least once dur-
ing ten years follow-up. A worse physical function at
baseline was associated with an increased chance of suf-
fering from depressive symptoms over a long-period of
time. The results of this study indicate that post-stroke
depression affects more patients on a longer period of
time than previously thought. This emphasises the need-
ful attention for physical function in this population
where maximum effort should be made for long-term
rehabilitation.
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