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Abstract
Introduction This is a prospective study, first to compare the frequency of depressive symptoms in stroke survivors treated, 
and non-treated, with intravenous thrombolysis and second, to explore relationships between post-stroke depression (PSD) 
and stroke treatment modalities, taking into account other possible determinants of PSD, including post-traumatic stress 
symptoms.
Methods Groups of 73 thrombolysed and 73 non-thrombolysed patients matched for age and gender were examined at 3 and 
12 months after discharge. PSD was assessed using the Beck Depression Inventory. Post-traumatic stress symptoms (PTSS), 
disability and social support were assessed with the Impact of Event Scale-Revised, the Barthel Index and the Berlin Social 
Support Scale.
Results At 3 months, PSD was present in 23.3% of the thrombolysed and 31.5% in the non-thrombolysed groups (p = 0.265). 
At 12 months, the frequencies were 29.2 and 20.6% (p = 0.229). Logistic regression of the combined group of thrombolysed 
and non-thrombolysed patients indicated that at 3 months, the adjusted predictors of PSD were disability (OR 24.35), presence 
of PTSS (OR 9.32), low social support (OR 3.68) and non-thrombolytic treatment (OR 3.19). At 12 months, the predictors 
were disability (OR 15.78) and low education (OR 3.61).
Limitations The use of a questionnaire for the detection of depression, the relatively small sample size and a significant 
drop-out rate could limit the interpretation of these results.
Conclusions (1) Thrombolysed and non-thrombolysed stroke survivors had similar frequency of depressive symptoms 
although the thrombolysed patients had more severe neurological deficits in the acute phase. It can be assumed that if 
thrombolysis had not been used, depressive symptoms would have been more frequent. (2) Lack of the rt-PA treatment 
was associated with three-time greater odds of screening for PSD at 3 months post-stroke, after adjustment for other PSD 
correlates. (3) Therefore, thrombolytic therapy seems to have a positive, but indirect, effect on patients’ mood, especially 
in the first months after stroke. (4) All stroke patients, irrespective of the method of treatment, should be monitored for the 
presence of depression.

Keywords Stroke · Thrombolysis · Depression · Posttraumatic stress symptoms

 * Barbara Grabowska-Fudala 
 bgfudala@ump.edu.pl

1 Department of Neurological Nursing, Poznan University 
of Medical Sciences, Smoluchowski 11 Str., 61-170 Poznan, 
Poland

2 Department of Psychiatric Nursing, Poznan University 
of Medical Sciences, Poznan, Poland

3 Department of Computer Science and Statistics, Poznan 
University of Medical Sciences, Poznan, Poland

4 Department of Neurology and Cerebrovascular Disorders, 
Poznan University of Medical Sciences, L. Bierkowski 
Hospital, Poznan, Poland

5 Department of Adult Psychiatry, Poznan University 
of Medical Sciences, Poznan, Poland

http://orcid.org/0000-0002-9378-7310
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-018-8938-0&domain=pdf


1892 Journal of Neurology (2018) 265:1891–1899

1 3

Introduction

Intravenous (i.v.) thrombolytic therapy with recombinant 
tissue plasminogen activator (rt-PA) was first registered in 
the United States in 1996 [1]. Since that time, efficacy stud-
ies on thrombolysis have demonstrated its positive impact 
on functional recovery by reducing the risk of physical dis-
ability at 3–18 months following the treatment [2, 3]. The 
mechanism of the favourable effect of rt-PA is explained by 
early recanalization of occluded arteries and, consequently, 
the restoration of regional perfusion and a reduction in the 
size of the brain infarct [4].

In contrast to the well-recognized link between throm-
bolysis and physical independence [5], its association with 
psychological well-being remains largely unexplored.

There is broad agreement that neuropsychiatric disorders, 
especially post-stroke depression (PSD), are severe compli-
cations of stroke. It has been found that PSD significantly 
reduces the quality of life and increases the risk of mortality 
in the first years after a stroke [6–8]. According to a recent 
systematic review, PSD affects 29% of patients at any time 
point after stroke [6].

Several factors are related to PSD, but among the most 
consistently reported in the literature is physical disability 
resulting from stroke [8–10]. Therefore, given the effect of 
thrombolysis on the functional outcomes described above 
and the significance of the problem, that is PSD, it seems 
important and reasonable to investigate PSD in patients 
receiving rt-PA, to determine whether these patients are also 
less likely to develop depressive symptoms [11, 12].

To date, only a few researchers have addressed this issue, 
and their studies have shown that the frequency of depres-
sion does not differ significantly between rt-PA-treated and 
-non-treated patients at 12 [13] and 18 months after stroke 
[2]. Recently, the authors of the Telemedical Project for 
Integrative Stroke Care (TEMPiS) study [14] proposed a 
possible explanation for the observed findings, namely the 
role of the psychological response to the traumatic event, 
that is, an acute stroke, together with peri-thrombolysis pro-
cedures. However, the lack of a comparison group of non-
thrombolysed patients did not allow the authors to check 
this hypothesis.

The aims of the present study were first to compare the 
frequency of depressive symptoms in ischaemic stroke sur-
vivors treated and non-treated with rt-PA and second, to 
explore relationships between post-stroke depression and 
stroke treatment modalities, taking into account other pos-
sible determinants of PSD, including post-traumatic stress 
symptoms.

Methods

Study participants

This study is part of a larger research project on recovery 
from stroke and includes patients consecutively treated 
with i.v. rt-PA in the University Department of Neurol-
ogy and Cerebrovascular Disorders in Poznan in the years 
2012–2014. Our previous results have been described else-
where [15]. Thrombolysis was performed within 4.5 h from 
the onset, according to the European guidelines [16]. Our 
research inclusion criteria required that the patients had an 
ischaemic stroke confirmed by brain imaging (computed 
tomography or magnetic resonance), were at least 18 years 
old, had no other chronic or serious health conditions, except 
for stroke risk factors, lived in the Wielkopolska region of 
Poland and gave their written, informed consent.

Initially, 114 rt-PA-treated patients were enrolled, of 
whom 41 (35.9%) dropped out: 14 died, 9 were transferred 
to another ward, 3 were discharged to a nursing home, 1 
had severe cognitive problems, 5 refused to participate and 
9 were lost to follow-up after discharge. The final throm-
bolysed group, therefore, consisted of 73 participants.

Patients who were not thrombolysed, mainly due to late 
hospital arrival, constituted a gender/age-matched group 
for comparison with the thrombolysed group. Of the 127 
no-rt-PA treated initially included, 54 (42.5%) dropped 
out for the following reasons: death (n = 18), transfer to 
another ward (n = 3), discharge to a nursing home (n = 2), 
refusal of participation (n = 18) and lost to follow-up 
(n = 13), resulting in a final matched group of 73 patients.

The drop-out analysis showed that in both the rt-PA-
treated and the -non-treated groups the patients who dropped 
out, in comparison to those who remained in the study, had 
a more severe stroke at baseline (medians NIHSS 15 vs. 8.0, 
p < 0.001, in the thrombolysed group; medians NIHSS 6.0 
vs. 4.0, p < 0.026, in the non-thrombolysed group) and were 
older (mean age 71.1 years vs. 66.3, p = 0.039, in the throm-
bolysed group; mean age 72.7 years vs. 66.8, p = 0.003, in 
the non-thrombolysed group). However, the gender of the 
participants and non-participants in both the thrombolysed 
and non-thrombolysed groups was equivalent (p > 0.05).

The research protocol was approved by the local ethics 
committee.

Study design and measures

Study design

The patients’ follow-up data were collected upon admis-
sion (Time 0), at discharge (Time 1), at 3 months (Time 
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2) and 12 months after hospital discharge (Time 3). Data 
concerning T0 and T1 were collected during hospitaliza-
tion and included socio-demographic and clinical charac-
teristics. The socio-demographic characteristics included 
age, gender, education and living arrangement. Clinical 
data included stroke severity at admission and discharge, 
lesion location, comorbidities and functional status at dis-
charge. Data for each patient were obtained from the medi-
cal records and through direct patients’ assessment. Time 2 
and Time 3 data were collected via a face-to-face at-home 
interview and an assessment was made which included 
stroke severity, functional status, depressive symptoms, 
post-stroke post-traumatic stress symptoms and social 
support.

Measurement tools

Stroke severity was determined according to the National 
Institutes of Health Stroke Scales (NIHSS) [17]. The NIHSS 
score ranges from 0 to 42, with higher values indicating a 
more severe neurological deficit. In this study, the severity 
of stroke was classified as mild (0–8 points on the NIHSS 
scale) and moderate/severe (≥ 9 points) [18]. Functional 
status was assessed with the modified Barthel Index (BI) 
developed by Collin and Wade [19]. This scale measures 
capacity to perform ten basic activities of daily living and 
is scored from 0 to 20, where scores of 0–14 indicate severe 
or moderate disability and 15–20 represent mild or no dis-
ability [20]. Depressive symptoms were evaluated with the 
Beck Depression Inventory (BDI) (Polish version) [21, 22]. 
The BDI consists of 21 items, with a total score ranging 
from 0 to 63, where a higher score indicates more severe 
depressive symptoms. A cut-off point at 18 was used to dis-
tinguish between the presence and absence of a clinically 
relevant depression [21]. Posttraumatic stress symptoms 
(PTSS) linked to stroke were assessed with the Impact of 
Event Scale-Revised (IES-R, Polish version) developed by 
Weiss et al. [23, 24]. This comprises 22 items and yields a 
total score of between 0 and 88. A score of 33 or higher is 
regarded as the existence of distress symptoms [25]. The 
IES-R has already been used in various illness populations, 
including stroke patients [26, 27] and has been shown to 
have good psychometric properties [24].

Perceived social support was evaluated using the Berlin 
Perceived Social Support Scale (BSSS, Polish version) [28, 
29]. The BSSS consists of eight items, each rated on a four-
point Likert scale. The total score is calculated as a mean of 
the item scores, and ranges from 1 to 4, with higher values 
reflecting greater levels of support. Patients who scored less 
than the median of the total score were classified as those 
with low social support, and patients who scored equal and 
higher than the median were regarded as those with high 
social support.

Statistical analysis

The descriptive statistics are presented as the means ± stand-
ard deviations (SD), medians or frequencies, as appropriate. 
Associations between two qualitative variables were ana-
lysed using the Chi-squared test or the Fisher’s exact test 
depending on the group size. Between-group comparisons 
were performed with the Student t test or the Mann–Whitney 
U test. The McNemar’s test was applied to analyse changes 
in proportions between 3 and 12 months post-stroke. Mul-
tiple logistic regression analysis was conducted to identify 
independent associations of socio-demographic and clinical 
variables with depression status at 3 and 12 months after 
stroke. In our regression models, we first entered candidate 
determinants, with a significance level < 0.25 in bivariate 
analyses in at least one of the two follow-up assessments 
[30]. Because of high correlations close to 0.80, between the 
NIHSS and BI scores at the 3- and 12-month follow-ups, as 
having the potential for multicollinearity, only the BI was 
selected for the analyses. Next, we developed a final model 
using the backward-elimination procedure, retaining only 
those variables that were significant at p < 0.05. The analyses 
were performed using Statistica 12 (StatSoft, Inc.) and SPSS 
(SPSS Inc., Chicago, IL, USA) software.

Results

Socio‑demographic and clinical characteristics 
of the patients

The thrombolysed group included 45 men and 28 women, 
with a mean age of 66.27 years (± SD 11.4; range 31–91), 
in most cases with a primary or basic vocational education 
(60.1%), and living with a family (89.0%). The non-throm-
bolysed group also contained 45 men and 28 women of a 
similar age (mean 66.84 ± SD 11.3; range 32–89), educa-
tion and living arrangement. Upon admission (T0), the two 
groups did not differ significantly concerning stroke loca-
tion and comorbidities. The thrombolysed group had more 
severe stroke symptoms (median NIHSS 8.0 vs. 4.0 for the 
non-thrombolysed group, p < 0.001) and a higher percent-
age of subjects with moderate/severe stroke compared to 
the non-thrombolysed patients (42.5 vs. 19.8%, p = 0.002). 
At discharge, the two groups were similar in terms of func-
tional status and the proportions of moderate/severe stroke, 
although the thrombolysed patients still had more severe 
stroke symptoms (median NIHSS 4.0 vs. 2.0, p = 0.011). 
The decrease in the median NIHSS score between T1 and 
T0 was greater in the thrombolysed (median NIHSS 8.0 
vs. 4.0) than in the non-thrombolysed patients (median 
NIHSS 4.0 vs. 2.0). Similarly, the decrease in the propor-
tion of patients with moderate/severe stroke was greater in 
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the thrombolysed group than in the non-thrombolysed group 
(17 vs. 6%) (Table 1).

Frequency of depressive symptoms at 3 
and 12 months

A personal history of depression was documented in three 
survivors (two in the thrombolysed and one in the non-
thrombolysed group). These patients were not excluded from 
the study. At the 3-month follow-up, 17 (23.3%) patients of 
the thrombolysed and 23 (31.5%) of the non-thrombolysed 
group exhibited depressive symptoms according to the BDI, 
and no significant difference between these proportions was 
found (p = 0.265). Also, severity of symptoms did not differ 
significantly (median BDI = 12, IQR 7–17 vs. median = 13, 
IQR 6–20; p = 0.976, respectively). At 12 months, depres-
sive mood was present in 21 (29.2%) of the rt-PA-treated 

and in 15 (20.6%) of the -non-treated patients. Again, no 
significant difference was seen between the two groups 
(p = 0.229). The median values of the BDI were 10 (IQR 
3–19) and 10 (IQR 4–16) p = 0.935. Nevertheless, when the 
odds ratios are taken into account (instead of the p values 
alone), a trend in favour of the thrombolysed patients could 
be seen at 3 months (unadjusted OR for depression = 0.66) 
and the opposite can be observed at 12 months (OR for 
depression = 1.57).

Additional analyses performed after exclusion of the three 
patients with a personal history of depression showed similar 
results in relation to the proportions of patients with depres-
sive symptoms in the thrombolysed and non-thrombolysed 
groups, at both the 3 (p = 0.278, OR = 0.66) and 12 month-
follow-ups (p = 0.220, OR = 1.62).

The majority of patients were stable regarding their 
depressive status between 3 and 12 months post-stroke, in 

Table 1  Demographic and 
clinical characteristics at 
hospital admission and 
discharge

SD standard deviation, IQR interquartile range, NIHSS National Institutes of Health Stroke Scale, BI Bar-
thel Index

Characteristics Thrombolysed group Non-thrombolysed 
group

p

Gender, n (%) 1.000
 Male 45 (61.6) 45 (61.6)
 Female 28 (38.4) 28 (38.4)

Age, mean (± SD) 66.3 (11.39) 66.8 (11.28) 0.765
Education, n (%) 0.614
 Primary or basic vocational school 44 (60.3) 41 (56.2)
 Secondary or high school 29 (39.7) 32 (43.8)

Living arrangement 0.461
 Alone 8 (11.0) 11 (15.1)
 With family 65 (89.0) 62 (84.9)

Stroke severity at admission
 NIHSS score, median (IQR) 8.0 (5–13) 4.0 (3–7) < 0.001
 NIHSS score of 9 or higher, n (%) 31 (42.5) 14 (19.8) 0.002

Stroke severity at discharge (IQR)
 NIHSS score, median (IQR) 4.0 (2–8) 2.0 (1–5) 0.011
 NIHSS score of 9 or higher, n (%) 18 (24.7) 10 (13.7) 0.093

Stroke risk factors, n (%)
 Hypertension 63 (86.3) 59 (80.8) 0.371
 Diabetes 16 (21.9) 20 (27.4) 0.442
 Obesity 12 (16.4) 9 (12.3) 0.479
 Hypercholesterolemia 15 (21.0) 20 (27.0) 0.332
 Atrial fibrillation 21 (28.8) 16 (21.9) 0.341
 Ischaemic heart disease 11 (15.1) 9 (12.3) 0.630

Stroke location, n (%) 0.148
 Left hemisphere 45 (61.6) 35 (47.9)
 Right hemisphere 23 (31.5) 27 (37.0)
 Bilateral and other 5 (6.9) 11 (15.1)

Functional status at discharge, n (%)
 BI score, median (IQR) 18.0 (9–20) 19 (13–20) 0.402
 BI score of 14 or less, n (%) 28 (38.4) 23 (31.5) 0.385
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both the thrombolysed (83.3%) (p = 0.388) and non-throm-
bolysed (76.4%) (p = 0.098) groups. It should be added that, 
at the 3- and 12-month follow-ups, the groups did not dif-
fer significantly with respect to their neurological status 
(p = 0.826, p = 0.079, respectively) and functional status 
(p = 0.829, p = 0.967, respectively).

Factors associated with depressive symptoms at 3 
and 6 months after stroke

As there were no significant differences between the 
thrombolysed and non-thrombolysed patients concerning 
their depressive status, the two groups were combined to 
explore further the relationships between depressive symp-
toms and thrombolytic therapy in the presence of other 
possible correlates of depression, bearing in mind the 
OR values obtained (see section above). These analyses 
showed that at the 3-month follow-up, 10 (6.8%) patients 
had moderate/severe stroke symptoms and 22 (15%) dem-
onstrated moderate/severe disability, 36 (25.2%) expe-
rienced post-traumatic stress symptoms and 51 (35%) 
reported low perceived social support. Bivariate analy-
ses comparing the depressed and non-depressed patients 

showed that post-stroke depression was significantly 
associated with more severe stroke symptoms at follow-
up (p < 0.001), disability (p < 0.001), the presence of post-
traumatic stress symptoms (p < 0.001) and low social sup-
port (p < 0.019) at p < 0.05.

At 12 months follow-up, 3 (2%) patients had moderate/
severe stroke symptoms, 15 (10%) moderate/severe func-
tional disability, 37 (25.3%) suffered from post-traumatic 
stress symptoms and 57 (39%) declared low social support. 
Stroke symptom severity (p < 0.014), the level of disability 
(p < 0.001) and education (p = 0.001) were the factors sig-
nificantly associated with the depressive status at p < 0.05. 
Detailed results are presented in Table 2.

Logistic regression analyses with the variables that were 
significant, at p < 0.25 in bivariate comparisons in at least 
one of the two follow-up assessments (see “Methods”), 
showed that the independent determinants of a greater like-
lihood of depressive mood at 3 months after stroke were 
worse functional status, presence of post-traumatic stress 
symptoms, low perceived social support and no-rt-PA treat-
ment. At 12 months only worse functional status and lower 
level of education were significant determinants of depres-
sion (Table 3).

Table 2  Factors associated with depressive status at 3 and 12 months post-stroke

Bivariate analysis
NIHSS National Institutes of Health Stroke Score, BI Barthel Index, BSSS Berlin Social Support Scales, IES Impact Events Scale, SD standard 
deviation
*Missing = 1

Depressive status at 3 months
n = 146

Depressive status at 12 months
n = 145*

Depression (n = 40) No depres-
sion 
(n = 106)

p Depression (n = 36) No depres-
sion 
(n = 109)

p

Gender, female, n (%) 19 (47.5) 37 (34.9) 0.163 13 (36.1) 43 (39.5) 0.721
Age years, mean (± SD) 67.9 (10.7) 66.0 (11.5) 0.397 65.9 (10.2) 66.3 (11.6) 0.722
Education, primary or basic vocational, n (%) 27 (67.5) 58 (54.7) 0.162 29 (80.6) 55 (50.1) 0.001
Living arrangement, alone, n (%) 6 (15.0) 13 (12.3) 0.661 5 (13.9) 13 (11.9) 0.773
Left hemisphere stroke, n (%) 22 (55.0) 58 (54.7) 0.810 20 (55.6) 58 (53.2) 0.807
Hypertension, n (%) 32 (80.0) 90 (84.9) 0.476 29 (80.6) 92 (84.4) 0.590
Diabetes, n (%) 13 (32.5) 23 (21.7) 0.177 12 (33.3) 23 (21.1) 0.137
Obesity, n (%) 6 (15.0) 15 (14.2) 0.896 4 (11.1) 17 (15.6) 0.596
Hypercholesterolemia, n (%) 7 (17.5) 28 (26.4) 0.260 8 (22.2) 27 (24.8) 0.757
Atrial fibrillation, n (%) 12 (30.0) 25 (23.6) 0.427 10 (27.8) 26 (23.9) 0.637
Ischaemic heart disease, n (%) 7 (17.5) 13 (12.3) 0.412 7 (19.4) 13 (11.9) 0.257
NIHSS at admission ≥ 9, n (%) 17 (42.5) 28 (26.4) 0.060 20 (55.6) 28 (27.7) 0.033
NIHSS at follow-ups ≥ 9, n (%) 8 (20.0) 2 (2.0) < 0.001 3 (8.3) 0 (0.0) < 0.014
BI at follow-ups ≤ 14, n (%) 15 (37.5) 7 (6.6) < 0.001 12 (33.3) 3 (2.8) < 0.001
IES > 33, n (%) 18 (45.0) 18 (17.0) < 0.001 11 (30.6) 26 (23.9) 0.423
BSSS < median, n (%) 20 (50.0) 31 (29.3) 0.019 19 (52.8) 38 (34.9) 0.056
Stroke treatment, no-rt-PA, n (%) 23 (57.5) 50 (47.2) 0.265 15 (41.7) 58 (53.2) 0.229
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Discussion

This is one of the very few studies to examine, prospec-
tively, depressive symptoms in thrombolysed stroke patients 
in comparison to patients who had not received thrombo-
lytic treatment [2, 13]. The two groups were well balanced 
in terms of several characteristics (see Table 1), except for 
stroke symptoms which were more pronounced in the rt-PA-
treated patients at both admission and discharge. Such a dif-
ference may be due to the fact that patients with more severe 
symptoms reach the hospital early enough to be considered 
for intravenous therapy [2, 13]. Nevertheless, after 3 months, 
no significant differences between these groups were seen.

Regarding the first aim of our study, we found that at 
3 months post-stroke, the prevalence of depressive symp-
toms among patient who were, and who were not, throm-
bolysed was not significantly different. Also, after 1 year, 
there were no significant differences between the groups. 
The results obtained are consistent with the study of Weerd 
et al. [13] who also could not find essential differences in 
the proportion of depressive disorders at 1 year post-stroke 
among elderly patients treated and not-treated with rt-PA. 
Indeed, these findings may suggest that thrombolytic therapy 
does not have an effect on patients’ emotional state.

On the other hand, it cannot be ruled out that, if thrombol-
ysis had not been used, the early neurological improvement 
observed in the thrombolysed group in our study would have 
been lower, and consequently, functional disability, as well 
as depressive symptoms, would have been more frequent. 
This speculation might be supported by a recently published 
study [12], which showed that patients treated with rt-PA 
less frequently used antidepressants due to newly identified 
depression (11.3%), than those being matched for baseline 
NIHSS score treated with standard care alone (19.8%) (haz-
ard ratio = 0.52), although this report should be considered 
with caution as undertreatment of depression is common in 
subjects after stroke [31, 32]. It is also noteworthy that in our 
study the chance of being depressive was found to be lower 

(although statistically insignificant) in the patients treated 
with rt-PA after 3 months compared to the non-thrombo-
lysed patients. Admittedly, this may simply reflect the play 
of chance, due to the relatively small sample size, but it is 
also possible that it indicates a real trend, possibly related 
to strategies for coping with psychological distress. For 
example, there might have been a downward counterfactual 
thinking [33], i.e. a conviction that it could have been worse 
if the thrombolysis had not been used. Interestingly, after 
12 months this probable trend was in the opposite direction, 
which may indicate that different, perhaps less favourable, 
factors might have played a role in this more distant post-
treatment period. This issue undoubtedly warrants further 
research. Hopefully, the ECASS-4: ExTEND study will 
bring more information on the relationships between throm-
bolytic treatment and post-stroke depression [34].

The prevalence rates of depressive symptoms in our 
patients at both follow-ups were substantial although a little 
lower than the 31% pooled estimate up to 1 year after stroke 
reported in the most recent meta-analysis by Hackett et al. 
[35]. The rates in our study were relatively stable between 
3 and 12 months after hospitalization, which is in line with 
several earlier investigations showing a fairly constant fre-
quency of PSD throughout the first year [31, 36, 37]. This 
confirms the fact that all stroke patients, irrespective of the 
form of treatment given, require continuous vigilance for the 
development of depression.

Regarding the second aim of our study, we found that 
a few factors were independently related to the depressive 
status and that the set of these factors differed depending 
on the time elapsed since the stroke. The most important 
predictor at 3 months post-stroke was functional disability. 
In this respect, our findings further support the well-known 
relationships between PSD and impairment of daily living 
activities [8, 9, 38].

The next factor independently associated with depres-
sion was the presence of posttraumatic stress symptoms. As 
mentioned in “Introduction”, it has been hypothesized that 

Table 3  Determinants of 
depression at 3 and 12 months 
after stroke. Multiple logistic 
regression analysis

NIHSS National Institutes of Health Stroke Score, BI Barthel Index, BSSS Berlin Social Support Scales, 
IES Impact Events Scale, Me. median, resp. respectively, OR odds ratio, CI confidence interval
Variables included in the multiple regression analyses, p < 0.25 in bivariate analyses in at least one of the 
two assessments

Determinants Depressive symptoms at 
3 months post-stroke

Depressive symptoms at 
12 months post-stroke

OR (95% CI) p OR (95% CI) p

BI ≤ 14 at 3 and 6 months, resp. 24.35 (6.60–89.9) < 0.001 15.78 (3.96–62.8) < 0.001
IES > 33 at 3 and 6 months, resp. 9.32 (3.17–27.42) < 0.001 –
BSSS < Me. at 3 and 6 months, resp. 3.68 (1.38–27.42) 0.009 –
Stroke treatment—no-rt-PA 3.19 (1.18–8.62) 0.022 –
Education—primary/basic vocational – 3.61 (1.36–9.61) 0.010
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PSD in the thrombolysed patients might develop as a psy-
chological reaction to the traumatic event, namely the stroke 
itself, additionally reinforced by the exposure to “fast-paced 
workup of peri-thrombolysis procedures” [14, p. 1852]. 
From this point of view, thrombolytic therapy, apart from 
its well-known positive effect, may, paradoxically, also have 
a negative impact. Our study confirmed the links between 
posttraumatic stress symptoms and PSD reported by other 
authors [39–41]. However, in contrast to the above hypothe-
sis, it was the lack of rt-PA treatment, adjusted for functional 
disability, social support and posttraumatic stress symptoms 
that turned out to be the factor associated with depressive 
symptoms. This seems to be in line with what is said above 
about a lower OR for depression in the rt-PA-treated group 
and suggests that thrombolysis may play a positive, perhaps 
indirect, role in relation to PSD.

As regards the findings concerning distress reaction in 
our sample (25%), they are in agreement with earlier stud-
ies reporting an elevated prevalence of posttraumatic stress 
disorder, not only in stroke patients but also in those after a 
transient ischaemic attack [42].

Consistent with our expectations and previous reports 
[43], we found that a low level of perceived social support 
was the predisposing factor for depressive symptoms at 
3 months after stroke onset. Social support is considered as a 
buffer against the potentially pathogenic influence of stress-
ful events through its contribution to a complex mechanism 
of stress, reducing the negative consequences of these events 
and facilitating constructive coping [44].

At 12 months post-stroke, only two factors, among those 
considered in our study, were independently associated with 
depressive symptoms, namely worse functional status and 
education. The role of education in relation to mood disor-
ders is not clear. However, it is possible that individuals with 
a low level of education are less likely to exhibit help-seek-
ing behaviors [45] or to develop the self-adjustment abilities 
which can be helpful in accommodating the change [46].

In our work, personal variables, such as gender, age and 
living arrangement, were not associated with depressive 
symptoms. This is in agreement with the majority of studies 
[9], although there are a number of them which have found 
that sex (female), age (younger/older) and living alone were 
related to PSD [13, 37, 47, 48]. Also, lesion location was 
not predictive for depression in our cohort, which is in line 
with several previous results [9, 10]. However a longstand-
ing debate on the role of this factor is still open [49, 50].

Limitations

Our study has important limitations. First, we used screening 
tools (although well validated), rather than structured clini-
cal interviews. The prevalence of depressive symptoms and 
post-stroke posttraumatic stress symptoms might, therefore, be 

overestimated. On the other hand, patients with severe aphasia 
or other severe stroke symptoms dropped out of the study and 
were not assessed. These patients might have been those more 
prone to develop depression. For that reason, the frequency of 
depressive symptoms may have been underestimated. Second, 
the patients were recruited from one single centre, the sample 
size was relatively small and the inclusion criteria required 
patients to be living in their home, all factors which may limit 
the generalization of the results. Third, there was a significant 
drop-out rate, due to lost-to-follow-up, which could bias the 
results.

Conclusions

(1) Thrombolysed and non-thrombolysed stroke survivors 
had similar frequency of depressive symptoms although the 
thrombolysed patients had more severe neurological deficits 
in the acute phase. It can be assumed that if thrombolysis had 
not been used, depressive symptoms would have been more 
frequent. (2) Lack of the rt-PA treatment was associated with 
three-time greater odds of screening for PSD at 3 months 
post-stroke, after adjustment for other PSD correlates. (3) 
Therefore, thrombolytic therapy seems to have a positive, 
but indirect, effect on patients’ mood, especially in the first 
months after stroke. (4) All stroke patients, irrespective of the 
method of treatment, should be monitored for the presence of 
depression.

Acknowledgements We wish to thank Prof. Geoffrey Shaw for his 
linguistic consultation of the paper. Also, we wish to express our grati-
tude to the participating patients and their family members for their 
cooperation and support.

Funding sources This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards 

Conflicts of interest All authors declare that they have no conflict of 
interest.

Ethical standards The study was conducted according to all common 
ethical standards including the rules given by the Declaration of Hel-
sinki.

Ethical approval The research protocol was approved by the ethics 
committee of the Poznan University of Medical Sciences.

Informed consent All patients participating gave their informed con-
sent prior to inclusion in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


1898 Journal of Neurology (2018) 265:1891–1899

1 3

References

 1. National Institute of Neurological Disorders and Stroke rt-PA 
Stroke Study Group (1995) Tissue plasminogen activator for 
acute ischemic stroke. N Engl J Med 333:1581–1588

 2. IST-3 collaborative group (2013) Effect of thrombolysis with 
alteplase within six hours of acute ischaemic stroke on long-
term outcomes (the Third International Stroke Trial [IST-3]): 
18-month follow-up of a randomised controlled trial. Lancet 
Neurol 8:768–776

 3. Rodier M, Quirié A, Prigent-Tessier A et al (2015) Relevance 
of post-stroke circulating BDNF levels as a prognostic bio-
marker of stroke outcome. Impact of rt-PA treatment. PLoS 
One 10:e0140668. https ://doi.org/10.1371/journ al.pone.01406 
68

 4. Rha JH, Saver JL (2007) The impact of recanalization on 
ischemic stroke outcome. Stroke 38:967–973. https ://doi.
org/10.1161/01.STR.00002 58112 .14918 .24

 5. Wardlaw JM, Murray V, Berge E, del Zoppo GJ (2014) Throm-
bolysis for acute ischaemic stroke. Cochrane Database Syst Rev 
7:CD000213

 6. Ayerbe L, Ayis S, Crichton S, Wolfe CD, Rudd AG (2013) The 
natural history of depression up to 15 years after stroke: the 
South London Stroke Register. Stroke 44:1105–1110

 7. Bartoli F, Lillia N, Lax A, Crocamo C, Mantero V, Carrà G, 
Agostoni E, Clerici M (2013) Depression after stroke and risk 
of mortality: a systematic review and meta-analysis. Stroke Res 
Treat 2013:862978. https ://doi.org/10.1155/2013/86297 8

 8. Robinson RG, Jorge RE (2016) Post-stroke depression: a review. 
Am J Psychiatry 173:221–231. https ://doi.org/10.1176/appi.
ajp.2015.15030 363

 9. Kutlubaev MA, Hackett ML (2014) Part II: predictors of depres-
sion after stroke and impact of depression on stroke outcome: an 
updated systematic review of observational studies. Int J Stroke 
9:1026–1036. https ://doi.org/10.1111/IJS.12356 

 10. Salter K, Mehta S, Cotoi A, Teasell R, Foley N, Serrato J, 
Speechley M (2016) Post stroke depression and mood disorders. 
Evidence-based review of stroke rehabilitation, 17th edn, last 
updated August 2016. http://www.ebrsr .com. Accessed 12 Jan 
2017

 11. Schmitz ML, Simonsen CZ, Hundborg H, Christensen H, Elle-
mann K, Geisler K, Iversen H, Madsen C, Rasmussen MJ, Vest-
ergaard K, Andersen G, Johnsen SP (2014) Acute ischemic stroke 
and long-term outcome after thrombolysis. Stroke 45:3070–3072. 
https ://doi.org/10.1161/STROK EAHA.114.00657 0

 12. Stefanovic Budimkic M, Pekmezovic T, Beslac-Bumbasirevic L, 
Ercegovac M, Berisavac I, Stanarcevic P, Padjen V, Jovanović 
DR (2017) Long-term prognosis in ischemic stroke patients 
treated with intravenous thrombolytic therapy. J Stroke Cer-
ebrovasc Dis 26:196–203. https ://doi.org/10.1016/j.jstro kecer 
ebrov asdis .2016.09.009

 13. de Weerd L, Luijckx GJR, Groenier KH, van der Meer K (2012) 
Quality of life of elderly ischaemic stroke patients one year after 
thrombolytic therapy. A comparison between patients with and 
without thrombolytic therapy. BMC Neurol 12:61

 14. Schwab-Malek S, Vatankhah B, Bogdahn U, Horn M, Audebert 
HJ (2010) Depressive symptoms and quality of life after throm-
bolysis in stroke: the TEMPiS study. J Neurol 257:1848–1854

 15. Grabowska-Fudala B, Jaracz K, Górna K, Jaracz J, Kaźmierski 
R (2017) Clinical recovery and health-related quality of life in 
ischaemic stroke survivors receiving thrombolytic treatment: a 
1-year follow-up study. J Thromb Thrombolysis 43:91–97. https 
://doi.org/10.1007/s1123 9-016-1419-3

 16. Ringleb PA, Bousser MG, Ford G, Bath P, Brainin M, Caso 
V (2008) European Stroke Organisation (ESO) Executive 

Committee; ESO Writing Committee. Guidelines for manage-
ment of ischaemic stroke and transient ischaemic attack-2008. 
Cerebrovasc Dis 25:457–507. https ://doi.org/10.1159/00013 
1083

 17. Anemaet WK (2002) Using standardized measures to meet the 
challenge of stroke assessment. Top Geriatr Rehabil 18:47–62

 18. Muchada M, Rubiera M, Rodriguez-Luna D, Pagola J, Flores A, 
Kallas J, Sanjuan E, Meler P, Alvarez-Sabin J, Ribo M, Molina 
CA (2014) Baseline National Institutes of Health stroke scale-
adjusted time window for intravenous tissue-type plasminogen 
activator in acute ischemic stroke. Stroke 45:1059–1063. https ://
doi.org/10.1161/STROK EAHA.113.00430 7

 19. Collin C, Wade DT, Davies S, Horne V (1988) The Barthel ADL 
Index: a reliability study. Disabil Rehabil 10:61–63

 20. Legh-Smith J, Wade DT, Langton-Hewer R (1986) Services for 
stroke patients one year after stroke. J Epidemiol Community 
Health 40:161–165

 21. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J (1961) 
An inventory for measuring depression. Arch Gen Psychiatry 
4:561–571

 22. Parnowski TB, Jernajczyk W (1977) Inwentarz depresji Becka w 
ocenie nastroju osób zdrowych i chorych na choroby afektywne 
(ocena pilotażowa). Psychiatr Pol 11:417–425

 23. Juczyński Z, Ogińska-Bulik N (2009) Pomiar zaburzeń po stre-
sie traumatycznym—polska wersja zrewidowanej skali wpływu 
zdarzeń. Psychiatria 6:1–8

 24. Weiss DS, Marmar CR (1997) The impact of event scale-revised. 
In: Wilson JP, Keane TM (eds) Assessing psychological trauma 
and PTSD. Guilford Press, New York, pp 399–411

 25. Creamer M, Bell R, Failla S (2003) Psychometric properties of the 
impact of event scale—revised. Behav Res Ther 41:1489–1496. 
https ://doi.org/10.1016/j.brat.2003.07.010

 26. Bruggimann L, Annoni JM, Staub F, Von Steinbüchel N, Van der 
Linden M, Bogousslavsky J (2006) Chronic posttraumatic stress 
symptoms after nonsevere stroke. Neurology 66:513–516. https 
://doi.org/10.1212/01.wnl.00001 94210 .98757 .49

 27. Deng LX, Khan AM, Drajpuch D, Fuller S, Ludmir J, Mascio CE, 
Partington SL, Qadeer A, Tobin L, Kovacs AH, Kim YY (2016) 
Prevalence and correlates of post-traumatic stress disorder in 
adults with congenital heart disease. Am J Cardiol 117:853–857. 
https ://doi.org/10.1016/j.amjca rd.2015.11.065

 28. Luszczynska A, Kowalska M, Mazurkiewicz M, Schwarzer R 
(2006) Berlin Social Support Scales (BSSS): Polish version of 
BSSS and preliminary results on its psychometric properties. Stu-
dia Psychologiczne (Psychol Stud) 3:17–27

 29. Łuszczyńska A, Kowalska M, Schwarzer R, Schulz U (2002) Ber-
lin Social Support Scales (BSSS)—Polish Version. http://userp 
age.fu-berli n.de/~healt h/soc_pol.htm. Accessed 12 Jan 2017

 30. Hosmer DW, Lemeshow S (2000) Applied logistic regression, 2nd 
edn. Wiley, Hoboken, pp 91–143

 31. El Husseini N, Goldstein LB, Peterson ED, Zhao X, Pan W, Olson 
DM, Zimmer LO, Williams JW, Bushnell C, Laskowitz DT (2012) 
Depression and antidepressant use after stroke and transient 
ischemic attack. Stroke 43:1609–1616. https ://doi.org/10.1161/
STROK EAHA.111.64313 0

 32. Eriksson M, Asplund K, Glader EL, Norrving B, Stegmayr B, 
Terént A, Asberg KH, Wester PO, Collaboration R-S (2004) 
Self-reported depression and use of antidepressants after stroke: 
a national survey. Stroke 35:936–941. https ://doi.org/10.1161/01.
STR.00001 21643 .86762 .9a

 33. Roese NJ (1994) The functional basis of counterfactual thinking. 
J Pers Soc Psychol 66:805–811

 34. Amiri H, Bluhmki E, Bendszus M, Eschenfelder CC, Donnan 
GA, Leys D, Molina C, Ringleb PA, Schellinger PD, Schwab 
S, Toni D, Wahlgren NW (2016) European Cooperative Acute 
Stroke Study-4: extending the time for thrombolysis in emergency 

https://doi.org/10.1371/journal.pone.0140668
https://doi.org/10.1371/journal.pone.0140668
https://doi.org/10.1161/01.STR.0000258112.14918.24
https://doi.org/10.1161/01.STR.0000258112.14918.24
https://doi.org/10.1155/2013/862978
https://doi.org/10.1176/appi.ajp.2015.15030363
https://doi.org/10.1176/appi.ajp.2015.15030363
https://doi.org/10.1111/IJS.12356
http://www.ebrsr.com
https://doi.org/10.1161/STROKEAHA.114.006570
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.09.009
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.09.009
https://doi.org/10.1007/s11239-016-1419-3
https://doi.org/10.1007/s11239-016-1419-3
https://doi.org/10.1159/000131083
https://doi.org/10.1159/000131083
https://doi.org/10.1161/STROKEAHA.113.004307
https://doi.org/10.1161/STROKEAHA.113.004307
https://doi.org/10.1016/j.brat.2003.07.010
https://doi.org/10.1212/01.wnl.0000194210.98757.49
https://doi.org/10.1212/01.wnl.0000194210.98757.49
https://doi.org/10.1016/j.amjcard.2015.11.065
http://userpage.fu-berlin.de/~health/soc_pol.htm
http://userpage.fu-berlin.de/~health/soc_pol.htm
https://doi.org/10.1161/STROKEAHA.111.643130
https://doi.org/10.1161/STROKEAHA.111.643130
https://doi.org/10.1161/01.STR.0000121643.86762.9a
https://doi.org/10.1161/01.STR.0000121643.86762.9a


1899Journal of Neurology (2018) 265:1891–1899 

1 3

neurological deficits ECASS-4: ExTEND. Int J Stroke 11:260–
267. https ://doi.org/10.1177/17474 93015 62080 5

 35. Hackett ML, Pickles K (2014) Part I: frequency of depression 
after stroke: an updated systematic review and meta-analysis 
of observational studies. Int J Stroke 9:1017–1025. https ://doi.
org/10.1111/IJS.12357 

 36. Hackett ML, Yapa C, Parag V, Anderson CS (2005) Frequency of 
depression after stroke: a systematic review of observational stud-
ies. Stroke 36:1330–1340. https ://doi.org/10.1161/01.STR.00001 
65928 .19135 .35

 37. Kotila M, Numminen H, Waltimo O, Kaste M (1998) Depression 
after stroke: results of the FINNSTROKE Study. Stroke 29:368–
372. https ://doi.org/10.1161/01.STR.29.2.368

 38. Pohjasvaara T, Leppävuori A, Siira I, Vataja R, Kaste M, Erkin-
juntti T (1998) Frequency and clinical determinants of poststroke 
depression. Stroke 29:2311–2317. https ://doi.org/10.1161/01.
STR.29.11.2311

 39. Ginzburg K, Ein-Dor T, Solomon Z (2010) Comorbidity of post-
traumatic stress disorder, anxiety and depression: a 20-year longi-
tudinal study of war veterans. J Affect Disord 123:249–257. https 
://doi.org/10.1016/j.jad.2009.08.006

 40. Goldfinger JZ, Edmondson D, Kronish IM, Fei K, Balakrishnan R, 
Tuhrim S, Horowitz CR (2014) Correlates of posttraumatic stress 
disorder in stroke survivors. J Stroke Cerebrovasc Dis 23:1099–
1105. https ://doi.org/10.1016/j.jstro kecer ebrov asdis .2013.09.019

 41. Kiphuth IC, Utz KS, Noble AJ, Köhrmann M, Schenk T (2014) 
Increased prevalence of posttraumatic stress disorder in patients 
after transient ischemic attack. Stroke 45:3360–3366. https ://doi.
org/10.1161/STROK EAHA.113.00445 9

 42. Kiphuth IC, Utz Garton AL, Sisti JA, Gupta VP, Christophe BR, 
Connolly ES (2017) Poststroke post-traumatic stress disorder: 
a review. Stroke 48:507–512. https ://doi.org/10.1161/STROK 
EAHA.116.01523 4

 43. Northcott S, Moss B, Harrison K, Hilari K (2016) A systematic 
review of the impact of stroke on social support and social net-
works: associated factors and patterns of change. Clin Rehabil 
30:811–831. https ://doi.org/10.1177/02692 15515 60213 6

 44. Cohen S, Wills TA (1985) Stress, social support, and the 
buffering hypothesis. Psychol Bull 98:310–357. https ://doi.
org/10.1037/0033-2909.98.2.310

 45. Nishiyama Y, Komaba Y, Ueda M, Nagayama H, Amemiya S, 
Katayama Y (2010) Early depressive symptoms after ischemic 
stroke are associated with a left lenticulocapsular area lesion. J 
Stroke Cerebrovasc Dis 19:184–189. https ://doi.org/10.1016/j.
jstro kecer ebrov asdis .2009.04.002

 46. Shi Y, Yang D, Zeng Y, Wu W (2017) Risk factors for post-stroke 
depression: a meta-analysis. Front Aging Neurosci 9:218

 47. Sharpe M, Hawton K, Seagroatt V, Bamford J, House A, Moly-
neux A, Sandercock P, Warlow C (1994) Depressive disorders 
in long-term survivors of stroke: associations with demographic 
and social factors, functional status, and brain lesion volume. Br 
J Psychiatry 164:380–388

 48. Sienkiewicz-Jarosz H, Milewska D, Bochyńska A, Chełmniak 
A, Dworek N, Kasprzyk K, Gałecka K, Szczepańska-Szarej A, 
Chwojnicki K, Zyluk B, Słowik A, Ryglewicz D (2010) Predic-
tors of depressive symptoms in patients with stroke—a three-
month follow-up. Neurol Neurochir Pol 44:13–20. https ://doi.
org/10.1016/S0028 -3843(14)60402 -3

 49. Mitchell AJ, Sheth B, Gill J, Yadegarfar M, Stubbs B, Meader N 
(2017) Prevalence and predictors of post-stroke mood disorders: 
a meta-analysis and meta-regression of depression, anxiety and 
adjustment disorder. Gen Hosp Psychiatry 47:48–60. https ://doi.
org/10.1016/j.genho sppsy ch.2017.04.001

 50. Nickel A, Thomalla G (2017) Post-stroke depression: impact of 
lesion location and methodological limitations—a topical review. 
Front Neurol 8:498. https ://doi.org/10.3389/fneur .2017.00498 

https://doi.org/10.1177/1747493015620805
https://doi.org/10.1111/IJS.12357
https://doi.org/10.1111/IJS.12357
https://doi.org/10.1161/01.STR.0000165928.19135.35
https://doi.org/10.1161/01.STR.0000165928.19135.35
https://doi.org/10.1161/01.STR.29.2.368
https://doi.org/10.1161/01.STR.29.11.2311
https://doi.org/10.1161/01.STR.29.11.2311
https://doi.org/10.1016/j.jad.2009.08.006
https://doi.org/10.1016/j.jad.2009.08.006
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.09.019
https://doi.org/10.1161/STROKEAHA.113.004459
https://doi.org/10.1161/STROKEAHA.113.004459
https://doi.org/10.1161/STROKEAHA.116.015234
https://doi.org/10.1161/STROKEAHA.116.015234
https://doi.org/10.1177/0269215515602136
https://doi.org/10.1037/0033-2909.98.2.310
https://doi.org/10.1037/0033-2909.98.2.310
https://doi.org/10.1016/j.jstrokecerebrovasdis.2009.04.002
https://doi.org/10.1016/j.jstrokecerebrovasdis.2009.04.002
https://doi.org/10.1016/S0028-3843(14)60402-3
https://doi.org/10.1016/S0028-3843(14)60402-3
https://doi.org/10.1016/j.genhosppsych.2017.04.001
https://doi.org/10.1016/j.genhosppsych.2017.04.001
https://doi.org/10.3389/fneur.2017.00498

	Depressive symptoms in stroke patients treated and non-treated with intravenous thrombolytic therapy: a 1-year follow-up study
	Abstract
	Introduction 
	Methods 
	Results 
	Limitations 
	Conclusions 

	Introduction
	Methods
	Study participants
	Study design and measures
	Study design
	Measurement tools

	Statistical analysis

	Results
	Socio-demographic and clinical characteristics of the patients
	Frequency of depressive symptoms at 3 and 12 months
	Factors associated with depressive symptoms at 3 and 6 months after stroke

	Discussion
	Limitations

	Conclusions
	Acknowledgements 
	References


