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Keywords:
 Background: Post-Stroke Depression (PSD) is a severe condition, affecting about 30% of stroke survivors within a

five-year period after stroke. Post-stroke functional impairments (FI) and social support are associatedwith PSD.
It is inconclusive, whether one of the factors, post-stroke FI and PSD, shows a stronger predictive value on the re-
spective other over time. The aims of the present study were to 1) investigate the relationship between PSD, FI,
and social support of stroke patients in a 3-year prospective design, and 2) addressmethodological shortcomings
of previous studies.
Methods: We investigated 174 stroke survivors and assessed PSD with a structured clinical interview and a di-
mensional symptom rating scale.We conducted regression analyses and applied the approach of multiple impu-
tations (MI) for missing data due to dropout during follow-up.
Results: PSD prevalence was 32.2% in the acute phase after stroke. Individuals with a PSD in this phase revealed a
fivefold higher risk for PSD 3 years later. FI in the acute phase did not additionally contribute to the prediction of
PSD at follow-up. Compared to individualswithout PSD in the acute phase, individualswith PSDhad an increased
risk for FI at follow-up. Limitations regarding sample characteristics, design, and dropout are discussed.
Conclusions: Results indicate that PSD rather than FI represents a crucial risk factor for negative long-term conse-
quences regarding physical and psychological health after stroke. Post-stroke treatment might be optimized by a
routine assessment of PSD and FI after stroke and considering the results for personalized treatment options.

© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Stroke is the second leading cause of death worldwide. In 2010,
there were an estimated 17 million strokes globally [1]. As a common
cause of long-term disability, stroke provokes considerable burden for
affected individuals and health systems [2]. Many stroke survivors re-
main dependent on caregivers regarding activities of daily living [3]. In
2017, stroke made up the third-leading cause of disability-adjusted
life-years (DALYs) worldwide, with a total of 132 million DALYs [4].

Depressive disorders caused 43 million DALYs worldwide in 2017
[4]. Post-Stroke Depression (PSD) is another frequent complication
after strokewhich affects about 30%of patientswithin afive-year period
after stroke [5,6]. PSD is associated with a reduced quality of life and
higher mortality [7,8]. The causes for PSD appear to be a multifactorial
combination of biological and psychosocial factors such as alterations
in neurotransmitter systems or the psychosocial reaction to poststroke
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functional impairments (FI), respectively [9]. The severity of post-
stroke FI was identified as the most consistent factor associated with
PSD [10].Most previous studies investigated PSD andpost-stroke FI sep-
arately regarding their predictive power for long-term effects on phys-
ical and psychological health.

Results of some studies imply that PSDworsenspost-stroke FI as PSD
patients use rehabilitation services less efficiently and show less adher-
ence to required changes in their life style [11,12]. Nevertheless, the re-
cent meta-analysis of Blöchl et al. [13] challenges this common
assumption, as there was no consistent association between PSD and
the effectiveness of stroke rehabilitation in the acute phase after stroke.
The authors claim that the characteristics of previous studies and a pub-
lication bias have led to an overestimation of the effect of PSD on the ef-
fectiveness of physical rehabilitation and functional improvements
during recovery. However, PSD was associated with a two-fold in-
creased risk for long-term disability [13]. Thus, the authors hypothesize
that depressive mood unfolds its negative impact on physical disability
rather in the long run than in the first months after stroke.

Other studies investigated the relationship between PSD and func-
tional outcome vice versa. Results imply that post-stroke FI constitute
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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a significant risk factor for the development of PSD. The systematic re-
view of De Ryck et al. [14] identifies the level of FI in 14 of 15 examined
studies as a crucial risk factor for PSD. In the longitudinal study of Singh
et al. [15], FI onemonth post-strokemade up the strongest predictor for
depressive symptoms three months post-stroke but did not predict the
level of depressive symptoms one year post-stroke. In the longitudinal
study of Schepers et al. [16], FI six months post-stroke did neither pre-
dict depressive symptoms one nor three years post-stroke. The results
of previous studies substantially differ regarding the predictive power
of post-stroke impairments on the development of PSD [17].

These inconclusive results might be explained by varying methodi-
cal factors, such as different measures for relevant predictors and out-
comes, different settings, and time of measurements [10]. Further,
there are only a few longitudinal PSD-studieswithmultiple assessments
and a follow-up period longer than one year [18,19]. As a stroke rather
occurs in elderly people and is accompanied by physical impairments,
longitudinal study designs face the challenge of a high dropout rate in
such individuals. In most studies on PSD, these individuals were ex-
cluded from statistical analyses (listwise deletion), albeit it has been
shown that this approach increases the risk for biased results, even
under optimal conditions when missingness is generated by a missing
at random (MAR) process [20,21].

Hadidi et al. [17] argued that the strength of the association between
PSD and impairment after stroke might depend on the duration since
the stroke. Accordingly, straightforward conclusions regarding time
sensitive relationships between PSD and other variables, such as FI, re-
main challenging. Present research suggests a bidirectional relationship
between PSD and post-stroke FI [10,12]. However, to date, it remains
uncertain whether one of the factors, post-stroke FI and PSD, shows a
stronger predictive value on the respective other over time.

In addition to FI, a lack of social support is associated with a higher
risk for PSD [22]. In most studies addressing this topic, social support
was operationalized indirectly as a demographic or socioeconomic
characteristic, such as the marital or resident status of stroke survivors.
However, the subjectively perceived social support (PSS) after stroke
rather than the social support according to objective markers might be
crucial for the development of PSD [23–25]. To our knowledge, no lon-
gitudinal study has yet investigated the influence of PSS on the associa-
tion between PSD and FI.

Knowledge about aetiological mechanisms of PSD and their interac-
tionwith FI and PSS is necessary for the development and optimizing of
prevention and treatment strategies for PSD. Therefore, the aim of the
current study is to investigate the direction and strength of the relation-
ship between PSD, FI and PSS in a 3-year prospective design. Further,we
aim to address the methodological shortcomings of previous research
on PSD in longitudinal designs by applying the approach ofmultiple im-
putations (MI) formissing data (i.e. study participantswho dropped out
during the 3-year follow-up). MI is an excellent tool to assess data with
missing values because the effect of the imputed data is directly mea-
surable, MI performs equally or even better than other techniques in
case of missingness not at random (MNAR), and has been shown to be
suitable in cases of up to 50% missing data in complex models
[20,21,26,27].

We hypothesize that a diagnosis of PSD in the acute phase after
stroke more powerfully predicts higher FI after three years than vice
versa. Second, we expect that PSS influences the relationship between
FI and PSD.

2. Material and methods

2.1. Participants

186 stroke patients from three German rehabilitation clinics partici-
pated in the study. Inclusion criteria were a diagnosis of either acute ce-
rebral infarction or intracerebral haemorrhage, documentation of
neurological symptoms exceeding 24 h, the patient's physical capacity
to attend the study procedure and to take part in a structured interview.
Exclusion criteria were the need for intensive medical treatment, artifi-
cial respiration, intensive treatment of body injuries and heightened in-
tracranial pressure, and severe aphasia. Patients with aphasia were
included if their communication skills were sufficient. The final sample
consisted of 174 participants (Mage= 67.51, 50.0% female) after exclud-
ing 12 participants (5 due to missing dates of the stroke, T1, or T2 as-
sessment, 7 with N24 weeks between the stroke and T1 assessment;
as a consistent definition of acute phase is lacking in the literature in
this field, we chose 23 weeks as a maximum duration for inclusion).
113 participants (64.9%) were married and 46 (26.4%) widowed. 122
participants (70.1%) were living with their partner, 50 (28.7%) alone.
At 3-years follow-up, the T2 assessment data of 84 individuals were in-
cluded. Seventeen individuals refused to participate, n = 23 revealed
severe health impairments, n = 21 addresses were unknown, n = 28
had deceased since T1 assessment, and datasets of 6 participants were
incomplete for specific measures. Sample sizes for the individual analy-
ses are reported, respectively.

2.2. Measures

2.2.1. Primary measures
PSD was assessed with the structured clinical interview, Axis 1 Dis-

orders (SCID-I [28,29]) according to the diagnostic criteria for Major De-
pression of the fourth version of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV; [30]). Additionally, depressionwasmeasured
dimensionally using the German version of the Cornell Scale for Depres-
sion (CDS; [31,32]), a clinician rating scale for depressive symptoms in
patients with organic brain lesions. The sum score of the 19 items, rang-
ing between 0 and 38,was usedwith higher scores indicatinghigher de-
pression levels.

FI was measured by the Barthel-Index (BI; [33]). The BI is a com-
monly used rating instrument consisting of 10 weighted itemsmeasur-
ing the patient's performance in activities of daily living. The total score
ranges from 0 to 100,with lower scores indicating higher FI. Quinn et al.
[34] suggest the following interpretation of BI scores: BI scores b40 rep-
resent “complete dependence on others”, scores N60 “transition from
complete dependence to assisted independence”, and scores N85 “inde-
pendence with minor assistance”. This categorization does not define
scores between 40 and 60. Thus, we used the continuous total scores
for the analyses.

PSS was assessed with the three subscales “emotional support”,
“practical support” and “social integration” of the self-report question-
naire Social Support Questionnaire (F-SozU; [35]). Subjects rated their
PSS on a five-point Likert scale. The mean score of the 38 items was
used with higher mean scores indicating higher PSS.

2.3. Procedure

Informed consent was obtained from all patients after the study pro-
cedure had been fully explained. The study complied with the local
ethics committees and the three rehabilitation clinics. The initial assess-
ment took place in the acute phase after stroke (weeks between stroke
and T1:M=6.53, SD=4.34) and the follow-up assessmentwas carried
out three years after the initial assessment (Mmonth = 37; SD = 6.73).
The assessments were conducted by three trained clinical psychologist
and supervised by the first author.

2.4. Data analyses

All data analyses were conducted using IBM SPSS Statistics software
version 25. For the prediction of PSDT2, we performed a blockwise logis-
tic regression on the basis of demographic predictors (age, sex) and the
focal predictors (PSDT1, FIT1, and PSST1), as well as the FIT1 ∗ PSST1 inter-
action. For the prediction of CDST2 and FIT2, we used ordinary least
squares regression, respectively. The model for predicting CDST2 was
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analog to the PSDT2 model. For the FI models, we omitted PSST1 and the
interaction as predictors, since we did not have any specific hypotheses
for these variables. For all models we used a blockwise regression ap-
proach, i.e. entering the predictors in a predefined order on the basis
of theoretical considerations. By contrast, automated step-wise proce-
dures may capitalize on chance and elevate the type 1 error rate. For
better interpretability and to remedy potential non-essential
multicollinearity of zero order predictors, all continuous predictor vari-
ables were mean-centred.

To account for the dropout at T2, we used the SPSS built-in MI algo-
rithm with 100 imputations for each missing data value. We submitted
all outcome and predictor variables of the models to the MI algorithm,
including the interaction term, which has been calculated before the
MI, to preserve the internal structure [36]. The following auxiliary vari-
ableswere additionally used to predictmissingness and imputemissing
values butwere not part of thefinalmodels: living situation,marital sta-
tus, health-related characteristics, such as status of psychotropic medi-
cation, current and past use of alcohol, diabetes, hypertonia, obesity.
Analyses of the relationships between missingness in model variables
at T2 and all other variables revealed that missingness could at least
partly be predicted by age, PSST1, FIT1, and status of past use of alcohol.
Higher age, lower PSST1, lower FIT1 but no past alcohol use (vs. mild
use vs. abuse) predicted higher missing data rates. This indicated that
at least some amount of missingness is accounted for by a MAR process
and not entirely by a MNAR process [20,37]. Where possible and pro-
vided by SPSS, we report pooled estimates of the coefficients of interest,
according to Rubin's rule [38], otherwisewe reportmedian values of the
coefficients from the 100 imputations. There is no consensus how to cal-
culate standardized regression coefficients from logistic regression. To
be able to compare regression coefficients within the path diagram,
we calculated fully standardized regression coefficients [39,40], for
which the interpretation is most comparable to standardized coeffi-
cients from OLS regression.
3. Results

3.1. Post-stroke depression, functional impairments, and perceived social
support

Means and SDs as well as intercorrelations of the measures for de-
pression, FI and PSS are presented in Table 1. The prevalence of PSD at
T1 was 32.2% (n = 56) and 36.9% (n = 31) at T2. CDS sum scores indi-
cated low depressive symptoms at T1 and clinically relevant symptoms
at T2 across all participants. The BI scores represented the range of tran-
sition from complete dependence to assisted independence across all
patients. According to the PSS scores, participants experienced average
social support. As evident in Table 1, correlations between PSD and FI
were medium, correlations between PSD and PSS small to medium.
Table 1
Bivariate correlations, means and standard deviations for demographics and primary outcome

Time Measure Age T1

PSD CDS FI PSS

Sex 0.15 0.10 −0.06 0.01 −0.19
Age 0.00 −0.02 −0.12 −0.03

T1 PSD 0.31 −0.29 −0.12
CDS −0.46 −0.03
FI −0.09
PSS

T2 PSD
CDS
FI
PSS

Note. PSD= Post-Stroke Depression according to DSM-IV criteria, CDS= depressive symptoms
Barthel Index, PSS = perceived social support according to the Social Support Questionnaire.
3.2. Prediction of PSD at 3-year follow-up

A blockwise logistic regression analysis predicting PSDT2 was con-
ducted with age, sex, PSDT1, FIT1, PSST1, and the FIT1 ∗ PSST1 interaction
as predictors (see Table 2 for analyses with the original data and
Table A1 for results of MI based analyses). PSDT1 was the strongest pre-
dictor, indicating that individuals with (vs. without) PSD at T1 had a
5.3times higher risk for PSD at follow-up. The MI based analyses re-
vealed similar results, even though the effect decreased to OR = 2.11
[95% CI 0.56–8.04]. Fig. 1a) presents the standardized regression coeffi-
cients for both, original andMI data. In addition to PSDT1, the FIT1 ∗ PSST1
interaction significantly predicted the risk for PSD at follow-up in the
blockwise logistic regression analysis on PSDT2 according to DSM-IV
(Table 2), indicating that the strength of the PSS moderated the rela-
tionship between FI at T1 and the PSD-risk at follow-up. However, the
moderator effect decreased to a non-significant level in MI based analy-
ses aswell as the regression analysis according to the CDS (see next sec-
tion, Table 3, and supplementary material).

The blockwise OLS regression analysis predicting CDST2 (i.e. dimen-
sional measurement of depressive symptoms) with the predictors age,
sex, CDST1, FIT1, PSST1, and the FIT1 ∗ PSST1 interaction revealed CDST1
as strongest predictor (see Table 3 for original data and Table A2 for
MI based analyses) and therefore supported the results for PSDT2. The
interaction did not reach significance, neither in the original sample,
nor in the MI based analyses.

3.3. Prediction of FI at 3-year follow-up

The blockwiseOLS regression analysis predicting FIT2was conducted
with age, sex, FIT1, and PSDT1 as predictors (see Table 4 for analyseswith
the original data, Table A3 for results ofMI based analyses, Tables A4 and
A5 for the models with CDS as predictor instead of PSD). Age, FI and a
PSD at T1 were significant predictors for FI at follow-up, indicating
higher FI at T2 for individuals with higher age, higher FI at T1, and a
PSD at T1. FI at T1 was the strongest predictor. The MI based analyses
supported these findings. The standardized regression coefficients for
both, original and MI data, are displayed in Fig. 1b).

4. Discussion

The aim of the present study was to investigate the direction and
strength of the relationship between Post-Stroke Depression (PSD),
functional impairments (FI), and perceived social support (PSS) of
stroke patients in a 3-year prospective design. We investigated 174
stroke survivors and used twomeasures on PSD, a structured clinical in-
terview and a dimensional symptom rating scale. Diagnoses according
to DSM-IV criteria revealed a PSD prevalence of 32.2% in the acute
phase after stroke. This number is in line with the results of previous
studies and meta-analyses [5,6,41].
measures for the original sample.

T2 M SD

PSD CDS FI PSS

0.02 0.12 0.07 −0.19 0.5 0.5
0.13 0.22 −0.30 −0.13 67.51 11.63
0.28 0.39 −0.39 −0.17 0.32 0.47
0.23 0.32 −0.44 −0.24 4.59 5.12

−0.01 −0.15 0.58 0.01 67.05 30.51
0.04 −0.08 −0.06 0.33 3.94 0.62

0.81 −0.28 −0.32 0.38 0.49
−0.38 −0.36 10.85 8.23

0.20 79.29 25.71
4.15 0.47

according to the Cornell Scale for Depression, FI= functional impairment according to the



Table 2
Logistic regression predicting PSDT2 based on the original sample (n = 78).

Variable B SE(B) OR 95% CI of OR p −2 Log-Lik R2C&S R2N Χ2
Model Χ2

Block

Block 1 102.656 0.027 0.037 2.169 2.169
Sex −0.261 0.476 0.771 [0.303, 1.958] .584
Age 0.028 0.022 1.028 [0.984, 1.074] .212

Block 2 96.888 0.097 0.131 7.937 5.768
Sex −0.154 0.495 0.858 [0.325, 2.264] .757
Age 0.027 0.023 1.027 [0.983, 1.073] .234
PSDT1 1.217 0.515 3.376 [1.231, 9.258] .018

Block 3 95.957 0.107 0.145 8.869 0.932
Sex −0.056 0.509 0.945 [0.349, 2.563] .912
Age 0.029 0.023 1.030 [0.984, 1.077] .204
PSDT1 1.397 0.558 4.043 [1.353, 12.076] .012
FIT1 0.009 0.009 1.009 [0.991, 1.027] .342

Block 4 95.568 0.112 0.151 9.257 0.388
Sex −0.099 0.513 0.906 [0.331, 2.477] .847
Age 0.029 0.023 1.030 [0.984, 1.078] .203
PSDT1 1.447 0.567 4.250 [1.397, 12.924] .011
FIT1 0.009 0.009 1.009 [0.991, 1.027] .312
PSST1 0.304 0.493 1.355 [0.516, 3.560] .537

Block 5 90.376 0.169 0.229 14.450 5.192
Sex 0.178 0.542 1.195 [0.413, 3.453] .743
Age 0.030 0.023 1.030 [0.984, 1.078] .205
PSDT1 1.669 0.613 5.309 [1.596, 17.662] .006
FIT1 0.023 0.012 1.024 [1.000, 1.048] .054
PSST1 0.601 0.574 1.825 [0.593, 5.617] .295
Interaction −0.046 0.021 0.955 [0.916, 0.996] .031

Note. B=regression coefficient, SE(B)=standard error,OR=odds ratio, 95% CI ofOR=95% confidence interval of the odds ratio, R2C&S= Cox and Snell's R2, R2N=Nagelkerke's R2, PSD=
Post-Stroke Depression according to DSM-IV criteria, FI = functional impairment according to the Barthel Index, PSS= perceived social support according to the Social Support Question-
naire, Interaction = interaction FIT1 ∗ PSST1.

Fig. 1. StandardizedRegression coefficients for the prediction of a) Post-StrokeDepression (PSD) and functional impairment (FI) at T2 and b) depressive symptoms according to theCornell
Depression Scale (CDS) and FI at T2. Standardized regression coefficients based on the original data are presented first, medians for the standardized regression coefficients based onMIs
second.
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Table 3
OLS Regression predicting CDST2 based on the original sample (n = 78).

Variable B SE(B) β 95% CI of B p R2 adj. R2 ΔR2

Block 1 0.046 0.020 0.046
Sex 1.988 1.868 0.121 [−1.734, 5.710] .291
Age 0.121 0.082 0.169 [−0.042, 0.285] .142

Block 2 0.145 0.110 0.099
Sex 2.115 1.781 0.129 [−1.434, 5.664] .239
Age 0.111 0.078 0.154 [−0.045, 0.267] .161
CDST1 0.460 0.158 0.316 [0.145, 0.775] .005

Block 3 0.146 0.098 0.000
Sex 2.054 1.818 0.125 [−1.570, 5.679] .262
Age 0.111 0.079 0.154 [−0.046, 0.268] .162
CDST1 0.474 0.173 0.325 [0.129, 0.819] .008
FIT1 0.007 0.033 0.024 [−0.060, 0.073] .842

Block 4 0.146 0.086 0.000
Sex 2.080 1.839 0.127 [−1.586, 5.746] .262
Age 0.111 0.079 0.155 [−0.047, 0.269] .164
CDST1 0.477 0.176 0.327 [0.127, 0.828] .008
FIT1 0.007 0.034 0.026 [−0.060, 0.075] .829
PSST1 0.256 1.740 0.016 [−3.213, 3.726] .883

Block 5 0.178 0.107 0.032
Sex 1.305 1.877 0.080 [−2.438, 5.049] .489
Age 0.103 0.078 0.144 [−0.053, 0.260] .192
CDST1 0.527 0.176 0.361 [0.175, 0.878] .004
FIT1 0.039 0.039 0.140 [−0.038, 0.116] .318
PSST1 0.608 1.733 0.039 [−2.848, 4.064] .727
Interaction −0.113 0.068 −0.209 [−0.249, 0.024] .104

Note. B= regression coefficient, SE(B)= standard error, ß= standardized regression coefficient, 95% CI of B=95% confidence interval of the regression coefficient, R2=variance, adj. R2

= adjusted variance, ΔR2 = incremental proportion of variance explained by each regression block, CDS= depressive changes according to the Cornell Depression Scale, FI = functional
impairment according to the Barthel Index, PSS = perceived social support according to the Social Support Questionnaire, Interaction = interaction FIT1 ∗ PSST1.
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The PSD status in the acute phase significantly predicted the PSD sta-
tus 3 years later, with individuals experiencing a PSD in the acute phase
exhibiting a fivefold higher risk for PSD at follow-up. The extent of FI in
the acute phase after stroke did not additionally contribute to the pre-
diction of PSD status at follow-up. Thus, in line with the results of
Schepers et al. [16], the current study does not support the hypothesis
that stroke survivors develop a PSD as a psychosocial reaction on new
FI after stroke. However, FI were found to predict PSD status in other
studies [15,42]. A possible reason for these divergent findings might
be the short follow-up intervals up to one year after stroke in those
studies. Robinson and Jorge [10] discussed that the influence of FI on
the PSD risk might decrease in the course of time since stroke.

Importantly, compared to stroke survivors without PSD in the acute
phase, individuals with PSD had an increased risk for FI at the 3-year
follow-up. This result supports meta-analytic findings of Blöchl et al.
[13], who discussed that a PSD might unfold its negative impact rather
in the long run than in the first months after stroke. Additionally, the
fivefold higher long-term PSD-risk of stroke survivors with a PSD in
the acute phase after stroke emphasizes the high risk for chronicity of
depressive symptoms after stroke. Thus, in line with our expectations,
Table 4
OLS Regression predicting functional impairment at T2 based on the original sample (n = 79).

Variable B SE(B) β 95% CI of B

Block 1
Sex 6.748 5.724 0.128 [−4.652,
Age −0.745 0.252 −0.320 [−1.248,

Block 2
Sex 2.441 4.730 0.046 [−6.981,
Age −0.649 0.207 −0.279 [−1.061,
FIT1 0.477 0.077 0.557 [0.324,

Block 3
Sex 4.576 4.472 0.087 [−4.334,
Age −0.639 0.194 −0.274 [−1.024,
FIT1 0.416 0.074 0.486 [0.269,
PSDT1 −16.470 4.835 −0.292 [−26.105,

Note. B= regression coefficient, SE(B)= standard error, β= standardized regression coefficien
= adjusted variance, ΔR2 = incremental proportion of variance explained by each regression
pression according to DSM-IV criteria.
our results imply that rather PSD than FI in the acute phase after stroke
makes up an important risk factor for both, long-term disability and de-
pression. Notably, both measures for post-stroke depression, the struc-
tured clinical interview to diagnose PSD and the clinician rating scale
for depressive symptoms (i.e. CDS), revealed the same pattern of results
– in the original data and in the MI data as well as in models with de-
pression as predictor and outcome. The similarity of results inMI versus
original data indicates that MI is a reasonable and valid method to deal
with missing values. The similar patterns of results for the different
measures on depression underline the robustness and goodness of fit
of the models. However, alternative explanations for changes in the
PSD status and/or functional impairments may be considered. Such
changes over a time course of three years may be influenced by cogni-
tive disability or the impact of other interventions, to mention two po-
tential influences. Accordingly, the results on FI at T2 revealed age and
FI at T1 as significant predictors (not only PSD at T1). It seems likely
that these predictors are associated with health-related or other factors,
which we did not account for in the current study.

The PSS of stroke survivors influenced the relationship between FI
and PSD in the current sample. However, contrary to our expectations,
p R2 adj. R2 ΔR2

0.113 0.089 0.113
18.149] .242
−0.243] .004

0.415 0.391 0.302
11.864] .607
−0.237] .002
0.630] .000

0.494 0.467 0.079
13,486] .310
−0.253] .001
0.564] .000
−6.836] .001

t, 95% CI of B=95% confidence interval of the regression coefficient, R2=variance, adj. R2

block, FI = Functional impairment according to the Barthel Index, PSD = Post-Stroke De-
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stroke survivors with major (vs. minor) FI were at lower risk for PSD at
follow-up when perceiving low social support in the acute phase after
stroke. As this result is not consistent with previous findings [24,25], fu-
ture researchmay followup on this topic. Longitudinal studies assessing
changes in FI, PSD symptoms and PSS appear necessary.
4.1. Limitations

For the interpretation of our results several limitations have to be
considered. One limitation of this study is that the generalizability to
the general stroke population is restricted by several factors, such as
the rehabilitation setting, which does not represent individuals with se-
vere morbidity after stroke. Another limitation of the current study is
the dropout rate of 45%. The dropout in a 3-year prospective design
studying an elderly and impaired population is high and presumably
systematic (i.e. caused by for example age or health status). The com-
parative analyses of the raw data and the data withMI help to compen-
sate the dropout rate.

Across all analyses, theMI results resemble the results from the orig-
inal sample with listwise deletion. The only exception was the signifi-
cant interaction FI ∗ social support in the PSD regression, which
attenuated to non-significance in the MI analyses and could not be
found for the CDS analysis. Generally, theMI results showed attenuated
estimates for the regression coefficients but remained coherentwith the
same patterns, not only in comparison to the original sample but also
across the differentmodels (PSD vs. CDS as predictors and outcome var-
iables), which fortifies the overall findings. Nonetheless, we cannot rule
out that some part of the drop-out generating process is MNAR driven
and may bias the results in an increasing or decreasing manner. There-
fore, we recommend using the attenuated MI results as estimates and
starting points for future research.

Additionally, multiple assessments would be beneficial for future
studies with long follow-up periods, as well as the application of sur-
vival analyses to identify factors predicting the drop-out. Moreover,
multiple assessments would help to display the course of PSD more ac-
curately, as affective disorders rather take an episodic than a chronic
course [43]. Based on our findings, future studies may include an age-
matched control group without stroke and assess further potentially
relevant factors (e.g., life events, other treatment such as psychother-
apy, pharmacotherapy, rehabilitation programs).
5. Conclusion

The results of the 3-year prospective investigation of PSD, FI and PSS
indicate that PSD rather than FI represents a crucial risk factor for nega-
tive long-term consequences regarding physical and psychological
health after stroke. Further investigations regarding time-sensitive rela-
tionships between PSD, FI, and PSS after stroke would contribute to a
better understanding of the needs of stroke patients. For the clinical
practice, the routine assessment of PSD, FI, and PSS after strokemight fa-
cilitate the evaluation of individual long-term risks and thereby contrib-
ute to optimize individualized post-stroke treatment.
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