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Abstract
Background Post-stroke depressive symptoms (DS) can be chronic or transient, occurring shortly or long after stroke and 
lasting only few months. It remains unclear if the prognosis differs between patients with DS in the acute phase of stroke and 
those who develop DS several months later. We aimed to determine whether outcomes vary among patients with different 
trajectories of post-stroke depressive symptoms.
Methods Of 698 enrolled patients with ischemic stroke, we included 335 participants (median age: 68, 48% female) who 
were assessed for DS both 8 days and 3 months post-stroke. We divided patients into 4 groups: without greater DS (Group 1), 
only earlier DS (Group 2), only later DS (Group 3), and persistent DS (Group 4). Logistic regression was used to determine 
the association between DS and 3- and 12-month functional outcome.
Results Group 2 was predominantly female and had the highest rate of previous stroke or transient ischemic attack. Group 3 
was more likely to suffer from delirium and more severe stroke. Group 4 had the highest frequency of vascular risk factors, 
pre-morbid psychiatric symptoms, and cognitive decline. In multivariate analysis, Group 3, but not Groups 2 and 4, had an 
increased risk of poor 3- and 12-month functional outcome (adjusted OR 2.59, 95% CI 1.64–4.07, P < 0.01 and OR 3.97, 
95% CI 2.32–6.76, P < 0.01, respectively) compared with Group 1.
Conclusions Different trajectories of post-stroke DS are related to different outcomes. Patients who only have later DS also 
have the worst prognosis.

Keywords Stroke · Depression · Delirium · Outcome · Cognitive decline

Introduction

The prevalence of depression after stroke is about 30% and 
remains stable up to 10 years, with a cumulative incidence 
of 39–52% within 5 years after stroke (Ayerbe et al. 2013; 
Hackett and Pickles 2014).

Post-stroke depression is associated with worse functional 
outcome (Ayerbe et al. 2013; Kutlubaev and Hackett 2014), 
increased mortality (Bartoli et al. 2013), a higher risk of 
recurrent stroke (Sibolt et al. 2013) and lower quality of life 
(Ayerbe et al. 2013).

Longitudinal studies that examined the natural history 
of post-stroke depression demonstrated a dynamic course 
of depressive symptoms, with new cases and recovery 

from depression occurring over time (Ayerbe et al. 2013). 
Thus, post-stroke depressive symptoms could be transient, 
occurring early or late after stroke onset and lasting only 
few months, or chronic. Assessment of post-stroke depres-
sive symptoms at only a single time point might overlook 
patient heterogeneity and be unable to detect varying pat-
terns of change in variables over time. Little is known 
about the relationship between time course of post-stroke 
depressive symptoms and outcome. We aimed to determine 
whether outcomes (3- and 12-month functional outcome, 
and 12-month case fatality) vary among patients with differ-
ent trajectories of post-stroke depressive symptoms.

 * Tomasz Dziedzic 
 dziedzic@cm-uj.krakow.pl

1 Department of Neurology, Jagiellonian University Medical 
College, ul. Botaniczna 3, 31-503 Krakόw, Poland

http://orcid.org/0000-0003-4086-0729
http://crossmark.crossref.org/dialog/?doi=10.1007/s00702-021-02328-w&domain=pdf


680 A. M. Lopatkiewicz et al.

1 3

Methods

Patient selection and clinical assessment

We recruited patients to this study among participants of 
the PROPOLIS study (PRospective Observational POL-
Ish Study on post-stroke delirium). PROPOLIS was a pro-
spective study conducted in the Department of Neurol-
ogy, University Hospital, Krakow, Poland (Klimiec et al. 
2015). The main goal of the PROPOLIS was to determine 
the frequency, risk factors and prognosis of post-stroke 
delirium. Participants were recruited to this study between 
May 2014 and March 2016.

The primary endpoint of this study was the 3-month 
functional outcome. The secondary endpoints were 
12-month functional outcome and case fatality.

The inclusion criteria to the current sub-study on 
depressive symptoms were: (1) ischemic stroke or tran-
sient ischemic attack (TIA); (2) admission to the hospital 
within 48 h after stroke symptoms onset; (3) assessment 
of depressive symptoms in both time points (8 days and 
3 months after stroke); and (4) informed patient’s con-
sent. Patients for whom depressive symptoms could not 
be assessed due to severe aphasia, dementia, delirium or 
consciousness disturbances were excluded from the study.

The Bioethics Committee of Jagiellonian University 
approved the study’s protocol. Each patient gave informed 
consent.

We assessed the presence of depressive symptoms on 
day 8 ± 1 and 3 months after stroke onset using the Patient 
Health Questionnaire (PHQ-9) (Kroenke et  al. 2001). 
Previous studies showed that PHQ-9 is a valid and clini-
cally feasible depression screening tool for stroke (Burton 
and Tyson 2015). Score ≥ 10 was considered indicative 
of greater depressive symptoms (Williams et al. 2005; 
de Man-van Ginkel et al. 2013). Before the PHQ-9 was 
administrated, we examined aphasia using clinical meth-
ods to assess speech fluency and content, comprehension, 
and naming.

We divided patients into 4 groups. Group 1 (without 
depressive symptoms: D−/D −) consisted of patient who 
had no greater depressive symptoms both 8  days and 
3 months after stroke. Group 2 (only earlier depressive 
symptoms: D+/D −) included patients who had greater 
depressive symptoms on day 8, but not 3 months after 
stroke. Group 3 (only later depressive symptoms: D−/D +) 
consisted of patients who had greater depressive symp-
toms 3 months after stroke but not on day 8. Patients in 
group 4 (persistent depressive symptoms: D+/D +) had 
both earlier and later depressive symptoms.

We used the Neuropsychiatric Inventory (NPI) to 
assess neuropsychiatric disturbances occurring within the 

4 weeks before admission. The NPI-Q10 subscale includes 
ten behavioral items: delusions, hallucinations, agitation, 
depression, anxiety, euphoria, apathy, disinhibition, irri-
tability, and aberrant motor behavior (Cummings 1997). 
A score for each item (from zero to 12) is a product of the 
severity scale (from zero to 3) and frequency scale (from 
zero to 4).

We used the Informant Questionnaire on Cognitive Decline 
in the Elderly (IQCODE) with a cut-off of 3.3 to diagnose 
pre-stroke cognitive decline (Jorm and Korten 1988; Harrison 
et al. 2016). The IQCODE consists of 26 items that rate change 
in patients’ intellectual abilities over the past 10 years.

We examined the core features of delirium daily during 
the first 7 days after admission using the Brief Confusion 
Assessment Method (Han et al. 2013). In addition, nurses 
completed daily questionnaire about patient’s behavior and 
cognitive fluctuations. We used the DSM-5 criteria for a 
diagnosis of delirium (American Psychiatric Association 
2013).

We used the National Institute of Health Stroke Scale 
(NIHSS) to assess neurological deficit on admission (Brott 
et al. 1989) and the modified Rankin Scale (mRS) to assess 
functional outcome (van Swieten et al. 1988). Unfavorable 
outcomes were defined as a mRS of 3–6.

A trained psychologist or resident neurologist per-
formed neuropsychiatric assessment. A senior neurologist 
with expertise in geriatric neurology adjusted the diagno-
sis of delirium. Functional outcome was assessed at 3 and 
12 months after stroke in the outpatient clinic or by phone.

Statistical analysis

We used the χ2 test to compare proportions and the 
Kruskal–Wallis test with Dunn’s post hoc test to compare 
continuous variables between groups. We considered P 
value less than 0.05 as significant.

We used logistic regression to determine the association 
between depressive symptoms and functional outcome. We 
adjusted all multivariate models for two of the most impor-
tant predictors of stroke outcome: age and NIHSS score on 
admission. In the next step, in the multivariate models, we 
also included other variables that had P value below 0.05 
in the univariate analysis. For calculations, we used the 
program STATISTICA for Windows (version 13.3, TIBCO 
Software Inc., Poland).

Results

Participants

Of 750 patients who participated in the PROPOLIS study, 
698 patients had an ischemic stroke or TIA. Among these, 
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335 patients underwent depressive symptoms assessment 
both 8 days and 3 months after stroke (Fig. 1).

Tables 1 and 2 show the baseline characteristics and out-
comes of the study groups.

The specific features of Group 2 (D+/D −) were female 
predominance (OR 2.92, 95% CI 1.43–5.97, P < 0.01) and 
the highest frequency of previous stroke or TIA (OR 2.38, 
95% CI 1.15–4.93, P = 0.02) compared with other groups. 
The distinctive feature of Group 3 (D−/D +) was the high-
est rate of delirium (OR 3.64, 95% CI 1.75–7.58, P < 0.01) 

compared with other groups. This group had the highest 
NIHSS score on admission. Group 4 (D+/D +) had the 
highest rate of vascular risk factors (hypertension, diabetes 
mellitus, atrial fibrillation, and previous myocardial infarc-
tion). Compared with other groups, the patients from this 
group had at least 2 vascular risk factors more often (OR 
3.91, 95% CI 1.81–8.46, P < 0.01). This group also had 
the highest NPI score. The rate of pre-stroke cognitive 
decline was the highest in Group 3 (D−/D +) and Group 
4 (D+/D +).

Fig. 1  Flow chart showing the 
numbers of patients included 
in the study and the reasons 
for non-inclusion of excluded 
patients

PROPOLIS cohort

(patients with ischemic stroke/TIA)

N = 698

Median age: 73; 53.7 % female

Median NIHSS: 6

No information on depressive 

symptoms at day 8

N = 202

Death: 19

Untestable (aphasia, 

consciousness disturbances): 169

Discharge before day 8: 13

No consent: 1

Median age: 80; 62.4 % female

No information on depressive 

symptoms at 3 months

N = 328

Death: 127

Untestable (aphasia, dementia): 21

No follow-up visit: 180

Median age: 78; 58.2 % female

Median NIHSS: 10

Included

N = 335

Median age: 68; 48.4 % female

Median NIHSS: 4
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Table 1  Baseline characteristics and outcomes of study groups

*Data available for 283 patients
**Data available for 319 patients
# Post-hoc test: P = 0.01 (group 1 vs group 4)
## Post-hoc test: P = 0.02 (group 1 vs group 3)

Group 1 (n = 213) 
(D−/D −)

Group 2 (n = 41) 
(D+/D −)

Group 3 (n = 46) 
(D−/D +)

Group 4 (n = 35) 
(D+/D +)

P value

Age, median (IQs) 68 (60–78) 65 (58–79) 65.5 (59–81) 71 (67–76) 0.57
H(3) = 1.99

Female, n (%) 87 (40.8) 29 (70.7) 25 (54.3) 21 (60.0)  < 0.01
Ischemic stroke, n (%) 195 (91.5) 37 (90.2) 41 (89.1) 34 (97.1) 0.60
TIA, n (%) 18 (8.5) 4 (9.8) 5 (10.9) 1 (2.9)
Risk factors and co-morbidities
 Hypertension, n (%) 139 (65.3) 27 (65.8) 36 (78.3) 30 (85.7) 0.04
 Atrial fibrillation, n (%) 37 (17.4) 6 (14.6) 3 (6.5) 9 (25.7) 0.12
 Diabetes mellitus, n (%) 50 (23.5) 9 (21.9) 11 (23.9) 16 (45.7) 0.04
 Myocardial infarction, n (%) 28 (13.1) 6 (14.6) 7 (15.2) 6 (17.1) 0.92
 Previous stroke/TIA, n (%) 31 (14.5) 13 (31.7) 8 (17.4) 9 (25.7) 0.04
 Pre-stroke cognitive decline, n (%)* 18/181 (9.9) 3/37 (10.8) 7/38 (18.4) 6/27 (22.2) 0.19
 NPI score, median (IQs)* 0 (0–6) 3 (0–7) 2 (0–9) 8 (1–16.5) 0.01#

H(3) = 12.98
 Anti-depressants prior stroke, n (%) 2 (0.9) 2 (4.9) 2 (4.3) 2 (5.7) 0.14

Stroke characteristics
 NIHSS score on admission, median (IQs) 4 (2–7) 3 (2–8) 5.5 (3–11) 3 (2–7) 0.03##

H(3) = 9.58
Stroke location 0.29
 Right hemisphere, n (%) 78 (36.6%) 13 (31.7) 21 (45.6) 21 (60.0)
 Left hemisphere, n (%) 103 (48.4) 21 (51.3) 17 (37.0) 12 (34.3)
 Posterior fossa, n (%) 30 (14.1) 6 (14.6) 7 (15.2) 2 (5.7)
 Multiple, n (%) 2 (0.9) 1 (2.4) 1 (2.2) 0 (0)
 Thrombolysis, n (%) 53 (24.9) 10 (24.4) 15 (32.6) 8 (22.9) 0.70
 Mechanical thrombectomy, n (%) 10 (4.7) 3 (7.2) 3 (6.5) 3 (8.6) 0.75
 Delirium, n (%) 20 (9.4) 7 (17.1) 14 (30.4) 4 (11.4)  < 0.01

Outcome
 Poor 3-month functional outcome, n (%) 32 (15.0) 10 (24.4) 24 (52.2) 10 (28.6)  < 0.01
 Poor 12-month functional outcome, n (%)** 28/201 (13.9) 5/39 (12.8) 26/45 (57.8) 6/34 (17.6)  < 0.01
 12-month case fatality, n (%)** 6/201 (3.0) 1/39 (2.6) 3/45 (6.7) 0/34 (0) 0.40
 Use of anti-depressants during first 3 months 

after stroke, n (%)
17 (8.0) 8 (19.5) 12 (26.1) 4 (11.4)  < 0.01

Table 2  The summary of characteristic features of groups

Group 1 
(D−/D −)

Group 2 (D+/D −) Group 3 (D−/D +) Group 4 (D+/D +)

Female  +  +  +  +  + 
Previous stroke/TIA  +  +  +  +  +  +  + 
≥ 2 vascular risk factors  +  +  +  +  + 
Pre-stroke cognitive decline  +  +  +  +  +  + 
Pre-stroke neuropsychiatric symptoms  +  +  +  +  +  +  +  + 
In-hospital delirium  +  +  +  +  +  +  + 
Stroke severity  +  +  +  +  + 
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Primary endpoint

The outcomes of study groups are shown in Table 3.
The predictors of 3-month poor functional outcome 

were: age (OR 1.04, 95% CI 1.02–1.06, P < 0.01), NIHSS 
score on admission (OR 1.13, 95% CI 1.08–1.19, P < 0.01), 
pre-stroke cognitive decline (OR 4.70, 95% CI 2.25–9.83, 
P < 0.01), NPI score (OR 1.03, 95% CI 1.00–1.06, P = 0.03), 
and delirium (OR 8.30, 95% CI 4.21–16.39, P < 0.01).

In the univariate analysis, Group 3 (D−/D +) and Group 4 
(D+/D +) had an increased risk of poor functional outcome 
3 months after stroke compared with Group 1 (D−/D −). 
In the fully adjusted model, Group 3 (D−/D +) had an 
increased risk of 3-month poor functional outcome com-
pared with Group 1 (D−/D −). In the multivariate analysis 
adjusted for age and stroke severity, Group 4 (D+/D +) had 
an increased risk of poor 3-month outcome. After adjusting 
for other predictors, this risk was no longer significant.

Compared with all other groups, Group 3 (D−/D +) had 
higher risk of poor functional outcome (adjusted OR 5.42, 
95% CI 2.32–12.66, P < 0.01).

Secondary endpoints

The predictors of 12-month poor functional outcome were: 
age (OR 1.05, 95% CI 1.03–1.09, P < 0.01), NIHSS score on 
admission (OR 1.10, 95% CI 1.05–1.16, P < 0.01), hyperten-
sion (OR 2.22, 95% CI 1.12–4.39, P = 0.02), atrial fibrilla-
tion (OR 2.14, 95% CI 1.11–4.14, P = 0.02), pre-stroke cog-
nitive decline (OR 3.22, 95% CI 1.46–7.08, P < 0.01), NPI 
score (OR 1.03, 95% CI 1.00–1.06, P = 0.04), and delirium 
(OR 6.71, 95% CI 3.31–13.58, P < 0.01).

Compared with Group 1 (D−/D −), Group 3 (D−/D +) 
had and increased risk of 12-month poor functional outcome 
in both uni- and multivariate analyses. Moreover, compared 
with all other groups, Group 3 (D−/D +) had higher risk of 
poor functional outcome 12 months after stroke (adjusted 
OR 13.58, 95% CI 5.31–43.72, P < 0.01).

In both uni- and multivariate analyses, the risk of poor 
12-month outcome did not differ between Groups 1 and 2 as 
well as Group 1 and Group 4.

One-year case fatality did not differ between groups.

Discussion

Our study revealed that a profile of predictors, associated 
factors and outcomes varies among patients with different 
courses of post-stroke depressive symptoms.

One of the features of Group 2 (D+/D −) was female pre-
dominance. Women have a roughly twofold higher risk of 
idiopathic major depressive disorder compared with men 
(Bromet et al. 2011). Women also appear to be more vulner-
able to inflammation-induced depressive symptoms (Bekh-
bat and Neigh 2018; Lasselin et al. 2018). By contrast, two 
meta-analyses found no consistent association between sex 
and post-stroke depression (Ayerbe et al. 2013; Kutlubaev 
et al. 2014).

Patients from Group 2 (D+/D −) were also more likely to 
have history of stroke or TIA compared with other groups. 
Our previous study showed that a history of stroke is a pre-
dictor of early, but not late post-stroke depressive symptoms 
(Kowalska et al. 2020). In contrast, Eriksson et al. found an 
association between a history of stroke and self-reported 
depression 3 months after stroke (Eriksson et al. 2004).

Table 3  Results of uni- and multivariate logistic regression

*Adjusted for age and NIHSS score
**Adjusted for age, NIHSS score, pre-stroke cognitive decline, NPI score, and delirium
***Adjusted for age, NIHSS score, hypertension, atrial fibrillation, pre-stroke cognitive decline, NPI score, and delirium

3-month poor functional outcome 12-month poor functional outcome

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Group 2 (D+/D −) vs 
Group 1 (D−/D −)

OR 1.82 (95% CI 0.81–
4.10), P = 0.14

OR 2.24 (95% CI 0.95–
5.30), P = 0.06*

OR 0.91 (95% CI 0.32–
2.53), P = 0.85

OR 0.94 (95% CI 
0.31–2.80), P = 0.91*

OR 1.97 (95% CI 0.76–
5.12), P = 0.16**

OR 0.67 (95% CI 0.18–
2.47), P = 0.54***

Group 3 (D−/D +) vs Group 
1 (D−/D −)

OR 2.48 (95% CI 1.76–
3.51), P < 0.01

OR 2.50 (95% CI 1.71–
3.65), P < 0.01*

OR 2.91 (95% CI 2.03–
4.16), P < 0.01

OR 3.20 (95% CI 2.12 – 
4.83), P < 0.01*

OR 2.59 (95% CI 1.64–
4.07), P < 0.01**

OR 3.97 (95% CI 2.32–
6.76), P < 0.01***

Group 4 (D+/D +) vs Group 
1 (D−/D −)

OR 1.31 (95% CI 1.00–
1.73), P = 0.05

OR 1.37 (95% CI 1.03–
1.84), P = 0.03*

OR 1.10 (95% CI 0.79–
1.52), P = 0.57

OR 1.08 (95% CI 
0.77–1.53), P = 0.63*

OR 1.24 (95% CI 0.87–
1.76), P = 0.23**

OR 0.94 (95% CI 0.61–
1.46), P = 0.81***
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The reduction in depressive symptoms in Group 2 
(D+/D −) could reflect a natural resolution of post-stroke 
mood disturbances or could be a result of anti-depressive 
treatment. Transient depressive symptoms that occur shortly 
after stroke onset might be, at least in some patients, a part 
of the acute sickness response. Sickness behavior is a set of 
physiological and behavioral changes that occur during the 
course of infection and injury. It includes anorexia, fatigue, 
loss of interest, hyperalgesia, social withdrawal, sleep dis-
turbances, and confusion (Dantzer et al. 2008). Mood dis-
turbances, as part of an acute sickness response, are adaptive 
and short-lived. An acute sickness response model assumes 
that depressive symptoms occur around the time of stroke 
and remit spontaneously in most patients. One of the studies 
showed that the phenomenology of early-onset (in-hospital) 
post-stroke depression is different from the phenomenology 
of late-onset depression (Tateno et al. 2002). Patients with 
early-onset depression exhibited a higher frequency of veg-
etative symptoms, which may support the hypothesis that 
depressive symptoms that occur shortly after stroke onset 
are a component of an acute sickness response.

Overall, Group 2 (D+/D −) had a relatively good func-
tional prognosis compared with other depressive groups. 
From a biological perspective, self-limited sickness behav-
ior could be beneficial for a host (Harden et al. 2015). The 
persistence of mood disturbances beyond an acute phase of 
illness may suggest additional vulnerabilities (Maes et al. 
2012).

One distinctive feature of group 3 (D−/D +) was the high-
est rate of delirium. Delirium is a serious acute neuropsy-
chological disorder occurring in approximately 1 in 4 stroke 
patients (Shaw et al. 2019). It is associated with adverse 
outcomes, including increased mortality, functional decline 
and cognitive deterioration (Klimiec et al. 2016; Shi et al. 
2012). Depression and delirium often co-exist and act as 
risk factors for each other (O’Sullivan et al. 2014). Several 
prospective studies of elderly patients after hip fracture or 
cardiac surgery found a positive association between delir-
ium and subsequent depressive symptoms (O’Sullivan et al. 
2014). In one of these studies, aged patients with hip frac-
ture who had delirium were 1.5-times more likely to exhibit 
depressive symptoms at two-year follow-up (Dolan et al. 
2000). Putative mechanisms linking delirium with depres-
sion might include alterations in monoamine transmission, 
and abnormal inflammatory and stress responses (O’Sullivan 
et al. 2014).

Additionally, compared with Group 1 (D−/D −) and 
Group 2 (D+/D −), Group 3 (D−/D +) was more likely 
to have pre-stroke cognitive decline which is a risk factor 
for both stroke-related delirium (Klimiec et al. 2016) and 
depression (Ayerbe et al. 2013; Kutlubaev et al. 2014).

Group 3 (D−/D +) had the worst functional outcome. The 
association between late depressive symptoms and prognosis 

remained independent of important prognosticators such 
as stroke severity, age, delirium and pre-stroke cognitive 
decline.

A specific feature of Group 4 (D+/D +) was the highest 
frequency of vascular risk factors and pre-morbid psychiat-
ric symptoms. These patients also had a higher rate of pre-
stroke cognitive decline. The frequency of poor functional 
outcome in this group was intermediate between Group 2 
(D+/D −) and Group 3 (D−/D +).

Major cardiovascular risk factors such as hypertension 
appear to have no relation to post-stroke depression (De 
Ryck et al. 2014; Kutlubaev et al. 2014). An exception is 
diabetes mellitus, which was associated with post-stroke 
depressive symptoms in some studies (De Ryck et al. 2014; 
Kutlubaev et al. 2014). Clinically, Group 4 (D+/D +) shares 
some common features with so-called vascular depression 
which is characterized by the presence of vascular risk fac-
tors and cognitive deficits (Aizenstein et al. 2016; Taylor 
et al. 2013). The presence of cerebral vascular lesions on 
neuroimaging would be required to support the hypothetical 
link between persistent depressive symptoms after stroke 
with vascular depression.

Our study focused on depressive symptoms occurring in 
the acute and subacute phases of stroke. Ayis et al. ana-
lysed trajectories of depressive symptoms occurring in suba-
cute and chronic phases of stroke (Ayis et al. 2016). They 
screened 761 patients for depressive symptoms at 3 months 
after stroke, and then annually up to 5 years. They identified 
four groups of patients. Group 1 (16%) included patients 
with no depressive symptoms. Patients in this group were 
more likely to be younger males with less severe stroke. 
Group 2 (49.5%) had patients with mild symptoms, and a 
tendency for a slight increase in symptoms over time. Group 
3 (28.6%) represented patients with moderate symptoms, 
and a tendency for deterioration over time. Group 4 (6.4%) 
included patients with severe symptoms. This group had 
higher rates of impairments and female predominance.

Our study suggests a heterogeneity of post-stroke depres-
sive symptoms. Further studies are needed to delineate dif-
ferent endophenotypes with putatively different biological 
underpinnings. A better understanding of the trajectories of 
depressive symptoms after stroke might be important for 
therapy. The EMOTION trial showed that patient responses 
to escitalopram depended on the presence of depression 
immediately following stroke. The efficacy of escitalopram 
was more marked in patients without depression at the time 
of randomization compared with those who had depression 
shortly after stroke onset (Lee et al. 2018). Patients who had 
depressive symptoms as a part of sickness behavior may not 
require anti-depressive treatment because these symptoms 
are usually self-limited.

Our study has several limitations. First, the most impor-
tant consideration in interpreting our findings relates to 
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representativeness of our cohort compared with the source 
population. Patients with severe stroke who die within 
3 months after stroke onset and patients with severe apha-
sia or consciousness disturbances during the acute phase 
of stroke were excluded. As a result, our cohort included 
mostly patients with right-hemisphere lesions and milder 
stroke. Second, we did not use any psychiatric interviews to 
collect information about pre-morbid mood disorders. We 
have only gathered information about anti-depressants taken 
prior to stroke and we used the NPI, a validated inform-
ant-based interview, to assess neuropsychiatric symptoms 
over the previous month. Using the dichotomized scores of 
PHQ-9 as indicative of significant depressive symptoms, we 
could miss subtle changes in depressive symptoms. How-
ever, our approach reflects clinical routine where different 
questionnaires or scales with a validated cut-off point are 
used to screen depression. Additionally, some confounding 
factors related to depression, such as inflammation or obe-
sity were not considered in our study (Sandu et al. 2015). 
Finally, a limited sample size and multiple comparisons are 
statistical limitations.

Conclusions

Different trajectories of post-stroke depressive symptoms 
are related to different outcomes. Patients who only have 
later depressive symptoms also have the worst functional 
prognosis.

Acknowledgements We thank Elzbieta Klimiec-Moskal and Paulina 
Pasinska for data acquisition.

Author contributions Conceptualization: AML, TD; methodology: JP, 
TD; Formal analysis and investigation: AML, JP, AS, TD; Writing—
original draft preparation: AML, TD; writing—review and editing: JP, 
AS; supervision: TD.

Funding This study was supported by the grant from National Science 
Centre (2015/19/B/NZ4/00287).

Availability of data and materials The datasets used during the cur-
rent study are available from the corresponding author on reasonable 
request.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethics approval Approval was obtained from the ethics committee of 
Jagiellonian University. The procedures used in this study adhere to the 
tenets of the Declaration of Helsinki.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study or their legal guardians.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Aizenstein HJ, Baskys A, Boldrini M, Butters MA, Diniz BS, Jaiswal 
MK, Jellinger KA, Kruglov LS, Meshandin IA, Mijajlovic MD, 
Niklewski G, Pospos S, Raju K, Richter K, Steffens DC, Taylor 
WD, Tene O (2016) Vascular depression consensus report—a 
critical update. BMC Med 14(1):161. https:// doi. org/ 10. 1186/ 
s12916- 016- 0720-5

American Psychiatric Association (2013) Diagnostic and statistical 
manual of mental disorders, 5th edn. Arlington. https:// doi. org/ 
10. 1176/ appi. books. 97808 90425 596

Ayerbe L, Ayis S, Wolfe CD, Rudd AG (2013) Natural history, predic-
tors and outcomes of depression after stroke: systematic review 
and meta-analysis. Br J Psychiatry 202(1):14–21. https:// doi. org/ 
10. 1192/ bjp. bp. 111. 107664

Ayis SA, Ayerbe L, Crichton SL, Rudd AG, Wolfe CD (2016) The natu-
ral history of depression and trajectories of symptoms long term 
after stroke: the prospective south London stroke register. J Affect 
Disord 194:65–71. https:// doi. org/ 10. 1016/j. jad. 2016. 01. 030

Bartoli F, Lillia N, Lax A, Crocamo C, Mantero V, Carrà G, Agos-
toni E, Clerici M (2013) Depression after stroke and risk of mor-
tality: a systematic review and meta-analysis. Stroke Res Treat 
2013:862978. https:// doi. org/ 10. 1155/ 2013/ 862978

Bekhbat M, Neigh GN (2018) Sex differences in the neuro-immune 
consequences of stress: focus on depression and anxiety. Brain 
Behav Immun 67:1–12. https:// doi. org/ 10. 1016/j. bbi. 2017. 02. 006

Bromet E, Andrade LH, Hwang I, Sampson NA, Alonso J, de Girolamo 
G, de Graaf R, Demyttenaere K, Hu C, Iwata N, Karam AN, Kaur 
J, Kostyuchenko S, Lépine JP, Levinson D, Matschinger H, Mora 
MEM, Browne MO, Posada-Villa J, Viana MC, Williams DR, 
Kessler RC (2011) Cross-national epidemiology of DSM-IV 
major depressive episode. BMC Med 9:90. https:// doi. org/ 10. 
1186/ 1741- 7015-9- 90

Brott T, Adams HP Jr, Olinger CP, Marler JR, Barsan WG, Biller J, 
Spilker J, Holleran R, Eberle R, Hertzberg V (1989) Measure-
ments of acute cerebral infarction: a clinical examination scale. 
Stroke 20(7):864–870. https:// doi. org/ 10. 1161/ 01. str. 20.7. 864

Burton LJ, Tyson S (2015) Screening for mood disorders after stroke: a 
systematic review of psychometric properties and clinical utility. 
Psychol Med 45(1):29–49. https:// doi. org/ 10. 1017/ S0033 29171 
40003 36

Cummings JL (1997) The Neuropsychiatric Inventory: assessing psy-
chopathology in dementia patients. Neurology 48(5 Suppl 6):S10–
S16. https:// doi. org/ 10. 1212/ wnl. 48.5_ suppl_6. 10s

Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW (2008) 
From inflammation to sickness and depression: when the immune 
system subjugates the brain. Nat Rev Neurosci 9(1):46–56. https:// 
doi. org/ 10. 1038/ nrn22 97

de Man-van Ginkel JM, Hafsteinsdóttir TB, Lindeman E, Ettema RG, 
Grobbee DE, Schuurmans MJ (2013) In-hospital risk prediction 
for post-stroke depression: development and validation of the 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12916-016-0720-5
https://doi.org/10.1186/s12916-016-0720-5
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1192/bjp.bp.111.107664
https://doi.org/10.1192/bjp.bp.111.107664
https://doi.org/10.1016/j.jad.2016.01.030
https://doi.org/10.1155/2013/862978
https://doi.org/10.1016/j.bbi.2017.02.006
https://doi.org/10.1186/1741-7015-9-90
https://doi.org/10.1186/1741-7015-9-90
https://doi.org/10.1161/01.str.20.7.864
https://doi.org/10.1017/S0033291714000336
https://doi.org/10.1017/S0033291714000336
https://doi.org/10.1212/wnl.48.5_suppl_6.10s
https://doi.org/10.1038/nrn2297
https://doi.org/10.1038/nrn2297


686 A. M. Lopatkiewicz et al.

1 3

Post-stroke Depression Prediction Scale. Stroke 44(9):2441–2445. 
https:// doi. org/ 10. 1161/ STROK EAHA. 111. 000304

De Ryck A, Brouns R, Geurden M, Elseviers M, De Deyn PP, Engel-
borghs S (2014) Risk factors for poststroke depression: identifi-
cation of inconsistencies based on a systematic review. J Geriatr 
Psychiatry Neurol 27(3):147–158. https:// doi. org/ 10. 1177/ 08919 
88714 527514

Dolan MM, Hawkes WG, Zimmerman SI, Morrison RS, Gruber-
Baldini AL, Hebel JR, Magaziner J (2000) Delirium on hospital 
admission in aged hip fracture patients: prediction of mortality 
and 2-year functional outcomes. J Gerontol A Biol Sci Med Sci 
55(9):M527–M534. https:// doi. org/ 10. 1177/ 10547 73812 447187

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 sur-
vey. Stroke 35(4):936–941. https:// doi. org/ 10. 1161/ 01. STR. 00001 
21643. 86762. 9a

Hackett ML, Pickles K (2014) Part I: frequency of depression after 
stroke: an updated systematic review and meta-analysis of obser-
vational studies. Int J Stroke 9(8):1017–1025. https:// doi. org/ 10. 
1111/ ijs. 12357

Han JH, Wilson A, Vasilevskis EE, Shintani A, Schnelle JF, Dittus RS, 
Graves AJ, Storrow AB, Shuster J, Ely EW (2013) Diagnosing 
delirium in older emergency department patients: validity and 
reliability of the delirium triage screen and the brief confusion 
assessment method. Ann Emerg Med 62(5):457–465. https:// doi. 
org/ 10. 1016/j. annem ergmed. 2013. 05. 003

Harden LM, Kent S, Pittman QJ, Roth J (2015) Fever and sickness 
behaviOR Friend or foe? Brain Behav Immun 50:322–333. https:// 
doi. org/ 10. 1016/j. bbi. 2015. 07. 012

Harrison JK, Stott DJ, McShane R, Noel-Storr AH, Swann-Price RS, 
Quinn TJ (2016) Informant Questionnaire on Cognitive Decline 
in the Elderly (IQCODE) for the early diagnosis of dementia 
across a variety of healthcare settings. Cochrane Database Syst 
Rev 11(11): CD011333. https:// doi. org/ 10. 1002/ 14651 858. CD011 
333. pub2

Jorm AF, Korten AE (1988) Assessment of cognitive decline in the 
elderly by informant interview. Br J Psychiatry 152:209–213. 
https:// doi. org/ 10. 1192/ bjp. 152.2. 209

Klimiec E, Dziedzic T, Kowalska K, Szyper A, Pera J, Potoczek P, 
Slowik A, Klimkowicz-Mrowiec A (2015) PRospective Observa-
tional POLIsh Study on post-stroke delirium (PROPOLIS): meth-
odology of hospital-based cohort study on delirium prevalence, 
predictors and diagnostic tools. BMC Neurol 15:94. https:// doi. 
org/ 10. 1186/ s12883- 015- 0351-z

Klimiec E, Dziedzic T, Kowalska K, Slowik A, Klimkowicz-Mrowiec 
A (2016) Knowns and unknowns about delirium in stroke: a 
review. Cogn Behav Neurol 29(4):174–189. https:// doi. org/ 10. 
1097/ WNN. 00000 00000 000110

Kowalska K, Pasinska P, Klimiec-Moskal E, Pera J, Slowik A, Klimko-
wicz-Mrowiec A, Dziedzic T (2020) C-reactive protein and post-
stroke depressive symptoms. Sci Rep 10(1):1431. https:// doi. org/ 
10. 1038/ s41598- 020- 58478-6

Kroenke K, Spitzer RL, Williams JB (2001) The PHQ-9: validity of a 
brief depression severity measure. J Gen Intern Med 16(9):606–
613. https:// doi. org/ 10. 1046/j. 1525- 1497. 2001. 01600 9606.x

Kutlubaev MA, Hackett ML (2014) Part II: predictors of depression 
after stroke and impact of depression on stroke outcome: an 
updated systematic review of observational studies. Int J Stroke 
9(8):1026–1036. https:// doi. org/ 10. 1111/ ijs. 12356

Lasselin J, Lekander M, Axelsson J, Karshikoff B (2018) Sex differ-
ences in how inflammation affects behaviOR What we can learn 
from experimental inflammatory models in humans. Front Neu-
roendocrinol 50:91–106. https:// doi. org/ 10. 1016/j. yfrne. 2018. 06. 
005

Lee EJ, Kim JS, Chang DI, Park JH, Ahn SH, Cha JK, Heo JH, Sohn 
SI, Lee KJ, Kim DE, Kim HJ, Kim S, Kwon DY, Kim J, Seo WK, 
Lee J, Park SW, Koh SH, Kim J, Lee JS, EMOTION Investigators 
(2018) Differences in therapeutic responses and factors affect-
ing post-stroke depression at a later stage according to baseline 
depression. J Stroke 20(2):258–267. https:// doi. org/ 10. 5853/ jos. 
2017. 02712

Maes M, Berk M, Goehler L, Song C, Anderson G, Gałecki P, Leon-
ard B (2012) Depression and sickness behavior are Janus-faced 
responses to shared inflammatory pathways. BMC Med 10:66. 
https:// doi. org/ 10. 1186/ 1741- 7015- 10- 66

O’Sullivan R, Inouye SK, Meagher D (2014) Delirium and depression: 
inter-relationship and clinical overlap in elderly people. Lancet 
Psychiatry 1(4):303–311. https:// doi. org/ 10. 1016/ S2215- 0366(14) 
70281-0

Sandu RE, Buga AM, Uzoni A, Petcu EB, Popa-Wagner A (2015) Neu-
roinflammation and comorbidities are frequently ignored factors 
in CNS pathology. Neural Regen Res 10(9):1349–1355. https:// 
doi. org/ 10. 4103/ 1673- 5374. 165208

Shaw RC, Walker G, Elliott E, Quinn TJ (2019) Occurrence rate of 
delirium in acute stroke settings: systematic review and meta-anal-
ysis. Stroke 50(11):3028–3036. https:// doi. org/ 10. 1161/ STROK 
EAHA. 119. 025015

Shi Q, Presutti R, Selchen D, Saposnik G (2012) Delirium in acute 
stroke: a systematic review and meta-analysis. Stroke 43(3):645–
649. https:// doi. org/ 10. 1161/ STROK EAHA. 111. 643726

Sibolt G, Curtze S, Melkas S, Pohjasvaara T, Kaste M, Karhunen PJ, 
Oksala NKJ, Vataja R, Erkinjuntti T (2013) Post-stroke depres-
sion and depression-executive dysfunction syndrome are associ-
ated with recurrence of ischaemic stroke. Cerebrovasc Dis 36(5–
6):336–343. https:// doi. org/ 10. 1159/ 00035 5145

Tateno A, Kimura M, Robinson RG (2002) Phenomenological charac-
teristics of poststroke depression: early- versus late-onset. Am J 
Geriatr Psychiatry 10(5):575–582. https:// doi. org/ 10. 1097/ 00019 
442- 20020 9000- 00011

Taylor WD, Aizenstein HJ, Alexopoulos GS (2013) The vascular 
depression hypothesis: mechanisms linking vascular disease 
with depression. Mol Psychiatry 18(9):963–974. https:// doi. org/ 
10. 1038/ mp. 2013. 20

van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J 
(1988) Interobserver agreement for the assessment of handicap 
in stroke patients. Stroke 19(5):604–607. https:// doi. org/ 10. 1161/ 
01. STR. 19.5. 604

Williams LS, Brizendine EJ, Plue L, Bakas T, Tu W, Hendrie H, 
Kroenke K (2005) Performance of the PHQ-9 as a screening tool 
for depression after stroke. Stroke 36(3):635–638. https:// doi. org/ 
10. 1161/ 01. STR. 00001 55688. 18207. 33

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1161/STROKEAHA.111.000304
https://doi.org/10.1177/0891988714527514
https://doi.org/10.1177/0891988714527514
https://doi.org/10.1177/1054773812447187
https://doi.org/10.1161/01.STR.0000121643.86762.9a
https://doi.org/10.1161/01.STR.0000121643.86762.9a
https://doi.org/10.1111/ijs.12357
https://doi.org/10.1111/ijs.12357
https://doi.org/10.1016/j.annemergmed.2013.05.003
https://doi.org/10.1016/j.annemergmed.2013.05.003
https://doi.org/10.1016/j.bbi.2015.07.012
https://doi.org/10.1016/j.bbi.2015.07.012
https://doi.org/10.1002/14651858.CD011333.pub2
https://doi.org/10.1002/14651858.CD011333.pub2
https://doi.org/10.1192/bjp.152.2.209
https://doi.org/10.1186/s12883-015-0351-z
https://doi.org/10.1186/s12883-015-0351-z
https://doi.org/10.1097/WNN.0000000000000110
https://doi.org/10.1097/WNN.0000000000000110
https://doi.org/10.1038/s41598-020-58478-6
https://doi.org/10.1038/s41598-020-58478-6
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1111/ijs.12356
https://doi.org/10.1016/j.yfrne.2018.06.005
https://doi.org/10.1016/j.yfrne.2018.06.005
https://doi.org/10.5853/jos.2017.02712
https://doi.org/10.5853/jos.2017.02712
https://doi.org/10.1186/1741-7015-10-66
https://doi.org/10.1016/S2215-0366(14)70281-0
https://doi.org/10.1016/S2215-0366(14)70281-0
https://doi.org/10.4103/1673-5374.165208
https://doi.org/10.4103/1673-5374.165208
https://doi.org/10.1161/STROKEAHA.119.025015
https://doi.org/10.1161/STROKEAHA.119.025015
https://doi.org/10.1161/STROKEAHA.111.643726
https://doi.org/10.1159/000355145
https://doi.org/10.1097/00019442-200209000-00011
https://doi.org/10.1097/00019442-200209000-00011
https://doi.org/10.1038/mp.2013.20
https://doi.org/10.1038/mp.2013.20
https://doi.org/10.1161/01.STR.19.5.604
https://doi.org/10.1161/01.STR.19.5.604
https://doi.org/10.1161/01.STR.0000155688.18207.33
https://doi.org/10.1161/01.STR.0000155688.18207.33

	Association of early and later depressive symptoms with functional outcome after ischemic stroke
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patient selection and clinical assessment
	Statistical analysis

	Results
	Participants
	Primary endpoint
	Secondary endpoints

	Discussion
	Conclusions
	Acknowledgements 
	References




