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ARTICLE INFO ABSTRACT

Keywords: Background: Depression after a stroke is a common complication that negatively influences stroke rehabilitation.
Stroke Early identification, followed by adequate treatment of depression, improves recovery from stroke. To support
Depression early identification, the Post-stroke Depression Prediction Scale (DePreS) was developed to predict in the first

Clinical prediction rule

week after stroke, the risk of depression in the second month. In this study we investigate the predictive accuracy
Predictive value of tests

of the DePreS in stroke patients.

Methods: In this prospective multicenter observational study, hospitalized stroke patients were included from
three stroke units in the Netherlands and Germany using consecutive sampling. In the first week after stroke, the
predicted risk for depression was estimated with the DePreS. Two months after stroke, major depressive disorder
was determined with the Composite International Diagnostic Interview.

Results: Of the 93 included patients, 17 (18.3%) showed symptoms of major depressive disorder. With a cut-off
value of = 0, DePreS performed optimally with a sensitivity of 0.65 (95% CI 0.42-0.87), specificity of 0.74 (95%
CI 0.64-0.84), positive predictive value of 0.35 (95% CI 0.19-0.52), and negative predictive value of 0.90 (95%
CI 0.80-1.00). The AUC was 0.71 (95% CI 0.56-0.86).

Limitations: The generalizability of the study findings is limited to patients able to communicate adequately.
Conclusions: This study demonstrates that the DePreS is an adequate instrument for early and reliable identi-
fication of stroke patients who are not at risk of MDD in the second months after stroke. This limits the need for
structural diagnostic follow-up to patients with a high risk.

1. Background

Depression is a frequent complication after stroke. In the first two
months after stroke, an average of 36% of patients develop symptoms of
depression and 14% are diagnosed with major depressive disorder
(MDD) (Hackett and Pickles, 2014). The symptoms of depression are a
depressed mood, loss of interest or pleasure, significant change in ap-
petite or weight, feelings of guilt or low self-worth, disturbed sleep,

*Clinical Trial Registration

change in activity level, feelings of tiredness, poor concentration, and
suicidal ideation (American Psychiatric Association, 2000). According
to the Diagnostic and Statistical Manual of Mental Disorders version V
(DSM_V TR™), the diagnosis of major depressive disorder is defined as
the consistent presence of five or more of the nine symptoms of de-
pression over a two-week period, which represents a change from the
previous criteria of experiencing at least one symptom, such as a de-
pressed mood or loss of interest or pleasure (American Psychiatric
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Association, 2000).

Depression after stroke is associated with an increased disability,
whereas recovery from depression after stroke within one year im-
proves functional outcomes and quality of life (Shi et al., 2016), sug-
gesting that depression hampers functional recovery after stroke
(Robinson and Jorge, 2016). Early identification of patients at risk for
depression may facilitate adequate treatment and follow up.

Over the last few decades, there have been major developments in
the treatment of stroke patients combined with the use of care path-
ways, shortening the patient's length of stay in hospital to a mean of <
7 days (Van Raak et al., 2010). This reduction in length of stay hinders
optimal screening for depression during hospital admission since the
two week time frame of the DSM criteria can no longer be used to di-
agnose depression. To enable early identification given the limited
length of hospital stay, a prediction instrument, the Post-stroke De-
pression Prediction Scale (DePreS), was developed to support clinicians
in predicting in the first week the risk of depression in the second
month after stroke using routine care data (De Man-van Ginkel et al.,
2013). The following clusters of risk factors were used in the develop-
ment of the DePreS: socio-demographic and stroke-related factors such
as age, gender, marital status, premorbid living situation, educational
level, work, the type of stroke, the stroke location, and the con-
sequences of stroke. The following medical history data were collected:
1) vascular risk factors such as diabetes mellitus, hypertension, dysli-
pidemia, impaired renal function, smoking and alcohol consumption; 2)
vascular diseases such as prior stroke, transient ischaemic attack, an-
gina pectoris, myocardial infarction, atrial fibrillation and peripheral
arterial disease; and 3) other diseases such as other brain disorders,
depression or other psychiatric disorders; functional status post stroke
measured using the Barthel Index (BI) (Mahoney and Barthel, 1965)
and the modified Rankin Scale (Van Swieten et al., 1988). The patients
perceived lack or excess of social support was measured with the Social
Support List (SSL-6) (Bridges et al., 2002). The final model, resulting in
the DePreS was selected from this set of variables and resulted in fol-
lowing items: history of depression, hypertension, angina pectoris, and
help with dressing in the first week after stroke (Table 1).

To strengthen the future applicability of the DePreS in clinical
practice, only risk factors that are easily available to clinicians and that
is generally collected in the hospital were used as predictors.
Previously, the performance of the DePreS was evaluated in the same
sample used for development, resulting in an area under the receiver
operating characteristic curve (AUC) of 0.78 (0.72-0.85) and a negative
predictive value and specificity of 0.94 (0.91-0.97) and 0.75
(0.70-0.80), respectively, with a cut-off value of = 2 (De Man-van
Ginkel et al., 2013). However, since validating an instrument in the
development sample may result in overoptimistic predictive perfor-
mance, evaluation of the predictive accuracy in a new sample of stroke
patients is needed (Altman et al., 2009). The aim of this study is
therefore to investigate the predictive accuracy of the DePreS ad-
ministered in the first week after stroke for estimating the risk of de-
pression in the second month after stroke in hospitalized stroke

Table 1
Score table Post-stroke Depression Prediction Scale (DePreS).
Does the patient have a medical history of No ao
depression or other psychiatric disorders? Yes 13
Does the patient have a medical history of No oo
hypertension? Yes O -5
Does the patient have a medical history of No go
angina pectoris? Yes a7
To what extent does the patient need help with Completely ao
dressing in the first week after stroke independent
(Barthel Index item dressing) Needs help but can do 0 -9
about half unaided
Dependent O3

Add the item scores to
obtain the sum score

Sum score
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patients.
2. Methods
2.1. Study design and participant selection

A multicenter clinimetric study with a longitudinal, prospective and
observational design was conducted in three hospitals not involved in
the development study of the DePreS, one in the Netherlands and two in
Germany. Ethical approval was obtained by the Medical Ethical
Committee of the University Medical centre Utrecht (16-809/C) and
the Ethical Committee of the Medical Faculty of the Martin Luther
University Halle-Wittenberg (2016-162). From February 2017 to June
2017, 204 patients admitted to the hospital with a diagnosis of ischemic
stroke or intracerebral hemorrhage were approached consecutively for
participation. If the patient met the inclusion criteria, the researcher
informed the patient about the study, checked whether the patients was
able to participate, obtained written informed consent and collected the
baseline data.

Of the 204 patients, 111 were excluded for the following reasons:
too ill to participate (n = 35, 32%); a communicative disorder based on
the Frenchay Aphasia Screening Test in the Netherlands or a shortened
version of the Aphasie-Schnelltest in Germany, with scores of =17
points in patients <60 years of age, =16 in patients =60 and <70
years of age and =15 in patients >70 years of age (Enderby et al.,
1987; Kroker, 2006); cognitive disorder based on scores of =18 on the
Mini-Mental State Examination (n = 24, 25.8%) (De Man-van
Ginkel, 2013; Folstein et al., 1975); diagnosed depression; anti-
depressant prescription or other psychiatric comorbidity at stroke onset
based on anamnesis or a medical diagnosis (n = 10, 10.8%); or no
Dutch or German language skills (n = 3, 3.2%). Additional reasons for
exclusion were: declined to participate (n = 23, 24.7%) and other
reasons (n = 16, 17.2%).

This resulted in a sample size of 93 patients (48 in the Netherlands
and 45 in Germany) (Fig. 1), which met the calculated number of at
least 90 patients who had to be included to be able to reach adequate
sensitivity and specificity (Buderer, 1996). The sample size was calcu-
lated according to the method of Burderer with a sensitivity of 0.73, a
specificity of 0.75, and confidence intervals around the sensitivity and
specificity of = 0.10, in combination with a prevalence of 0.23. These
values were taken from the development study of the DePreS (De Man-
van Ginkel et al., 2013). The estimated prevalence of 0.23 is the
average of the prevalence presented in the literature (Hackett and
Pickles, 2014) and the prevalence found in the development study
(De Man-van Ginkel et al., 2013). Furthermore, a dropout rate of 10%
was assumed. This resulted in a sample size of 90 patients.

2.2. Data collection

The risk of depression in the first week after stroke was measured
with the DePreS and the German version of the index test, the DePreS-
G. The DePreS consists of the following items: a medical history of
depression or other psychiatric disorders, history of hypertension, his-
tory of angina pectoris, and the Barthel Index item ‘Dressing’. The
DePreS score ranges from —19 to 23. A higher score indicates a higher
risk of depression after stroke (De Man-van Ginkel et al., 2013). For the
German part of the study, the DePreS-G was translated from Dutch to
German following the ISPOR criteria (Wild et al., 2005) with two in-
dependent forward and backward translations and a cognitive de-
briefing with 18 potential users of the instrument.

As the reference test, the Composite International Diagnostic
Interview (CIDI) was applied, which is a structured psychiatric inter-
view used to establish mental disorders, such as MDD, according to the
DSM-IV and the ICD-10. The CIDI has been proven to be a reliable and
valid instrument, with an inter-observer agreement (Cohen's kappa) of
0.71 and sensitivity and specificity of 80% (Wittchen, 1994). In the
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Dutch sample n=90

Included patients N=93

Eligible patients N=204 Excluded patients: N=111
™ (German sample n=69 / Dutch sample n=42)

German sample n=114 Not meeting inclusion criteria (n=45/27):

- Too ill to participate (n=27/8)

- Communicative impairments or severe aphasia (n=6/18)

- Depression or intake of antipsychotics or a psychiatric
comorbidity at stroke onset (n=9/1)

- No Dutch or German language skills (n=3/0)

Declined to participate (n=16/7)
Other reasons (n=38/8):

Dutch sample n=48 - Hospital discharge before inclusion (n=7/8)
German sample n=45 - Already included (n=1/0)

Fig. 1. Recruitment process.

Table 2
Baseline characteristics per subsample.
Netherlands n = 48 Germany n = 45 p-value
Sex, n (%) Male 30 (62.5) 27 (60) 0.805%
Age, mean (SD; min-max) 74 (11.8; 44-93) 66.7 (13; 44-91) 0.006"
Marital status, n (%) Single 9 (18.8) 4 (8.9) 0.390%
Married/living together 24 (50) 25 (55.6)
Widowed/divorced 15 (31.3) 16 (35.6)
Home situation, n (%) Independent-living alone 21 (43.8) 9 (20) 0.060?
Independent-living together with someone 25 (52.1) 34 (75.6)
Nursing home 2 (4.2) 1(2.2)
Assisted Living 0 1(2.2)
Discharge direction, n (%) Home 29 (60.4) 16 (35.6) 0.029%
Rehabilitation center 19 (39.6) 27 (60)
Other 0 2 (4.9)
FAST/AST, mean (SD; min-max) 19 (1; 15-20) 19 (1; 16-20) 0.004"
MMSE, mean (SD; min-max) 26 (3; 18-30) 27 (3; 18-30) 0.114°
Type of stroke, n (%) Intracerebral hemorrhage 0 2 (4.4) 0.140%
Ischemic stroke 48 (100) 43 (95.6)
Localization, n (%) Left 14 (29.2) 18 (40) 0.001°
Right 13 (27.1) 12 (26.7)
Cerebellum 17 (35.4) 2449
Other 4(8.3) 13 (24.5)
Symptoms, n (%) Motor 36 (75) 19 (42.2) 0.001?
Sensibility disturbances 12 (25) 16 (35.6) 0.267*
Speech 19 (39.6) 14 (31.1) 0.393%
Language 3(6.3) 4 (8.9) 0.6307
Visual disturbances 13 (27.1) 12 (26.7) 0.964*
Vascular risk factors, n (%) Diabetes mellitus 10 (20.8) 18 (40) 0.044*
Hypertension 31 (64.6) 33(73.3) 0.363"
Dyslipidemia 19 (39.6) 17 (37.8) 0.858*
Impaired renal function 4 (8.3) 9 (20) 0.105%
Smoking 12 (25) 13 (28.9) 0.672%
Alcohol consumption 29 (60.4) 26 (57.8) 0.796%
Vascular diseases, n (%) Prior stroke 13 (27.1) 10 (22.2) 0.5872
Transient ischemic attack 6 (12.5) 0 0.014%
Angina pectoris 8 (16.7) 8(17.8) 0.887°
Myocardial infarction 8 (16.7) 6 (13.3) 0.653%
Atrial fibrillation 7 (14.6) 8(17.8) 0.676"
Peripheral arterial disease 7 (14.6) 3(6.7) 0.279?
Other diseases, n (%) Other brain disorders 3(6.3) 5(11.1) 0.403*
Depression 2(4.2) 1(2.2) 0.596
Other psychiatric disorders 2(4.2) 4 (8.9) 0.354%
Barthel Index TO, Mean (SD; min-max) 14 (5; 3-20) 16 (5; 2-20) 0.005"
Barthel Index T1, Mean (SD; min-max) 18 (4; 3-20) 18 (3; 7-20) 0.879"

Abbreviations: AST = Aphasie-Schnelltest; FAST =Frenchay Aphasia Screening Test; MMSE = Mini Mental State Examination; n=number; SD = Standard Deviation;

TO=within the first week after stroke; T1 =second month after stroke.
#=Result based on chi-squared test
b =Result based on t-test.

current study, the CIDI-auto 2.1 version was used, and both inter-
viewers (JH, LM) were trained in administering the CIDI-auto
(Ter Smitten et al., 2008).

Disability was measured with the Barthel Index (BI). The Bl is a 10-
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item scale, including activities of daily living (ADL) and mobility. The
score ranges from O to 20. A higher score indicates greater in-
dependence (Collin et al., 2009). Inter-rater reliability showed a Co-
hen's kappa of 0.88 and diagnostic accuracy of 0.82 (AUC) (Banks and
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Marotta, 2007; Balu, 2009). Furthermore, the baseline characteristics
were collected regarding age, sex, type of stroke, lesion location, con-
sequences of stroke and discharge directions.

To maintain the blinding of the researchers towards the index test in
the participating Dutch hospital, ward nurses collected the baseline
data included in the DePreS and the researcher (LM) collected data for
the other baseline characteristics. In the participating German hospi-
tals, the research assistant collected all baseline and DePreS data to
enable blinding of the researcher (JH). Six to eight weeks after stroke
onset, the researcher (JH, LM) conducted the CIDI by telephone. In case
of a positive result on the first few questions of the CIDI, which gives an
indication of potential MDD, an interview was continued at a later time
point at the home or residential health care facility of the patient. To
prevent observer bias, the DePreS and CIDI were measured by different
persons, independently. The researchers who conducted the CIDI were
not aware of the results of the DePreS.

2.3. Data analysis

The baseline characteristics and prevalence of a major depressive
disorder were analyzed separately in the Dutch and German subsamples
to identify potential differences. Chi-squared test was used for cate-
gorial data and t-test for metric data. For each score of the DePreS, all
participants were classified as true positive, true negative, false positive
and false negative, based on a 2 x 2 table. The sensitivity, specificity,
positive predictive value, and negative predictive value, including
corresponding 95% confidence intervals, were calculated for each cut-
off score. These analyses were conducted separately in both subsamples
to establish whether potential differences in the baseline characteristics
influenced the predictive accuracy of the DePreS. Finally, the AUC and
Youden's index were calculated (Hughes, 2015). Since the subsamples
were not different, only the results of the total sample are presented. All
analyses were conducted using IBM SPSS Statistics Version 23 (IBM,
Armonk, NY, USA). The study data are available from the corre-
sponding author upon request.

3. Results

The mean age of the 93 included patients was 70.4 (SD=12.8), and
57 (61.3%) were male. Most patients (97.8%; n = 91) suffered from an
ischemic stroke. The baseline characteristics are presented in Table 2.
The baseline characteristics of the subsamples were predominately
comparable. The Dutch and German subsamples differed in terms of
vascular risk factors and stroke severity. Patients in the German sample
were younger, on average, and suffered from diabetes mellitus or hy-
pertension more often. The Dutch sample had stroke-related motor
symptoms more often and, consequently, a lower mean score on the
Barthel Index. By contrast, in the German sample, the proportion of
patients who were discharged to inpatient rehabilitation was higher.

The prevalence of a major depressive disorder differed between
samples: 20.8% (n = 10) in the Netherlands sample versus 15.6%
(n = 7) in the German samples, resulting in an overall prevalence of
major depressive disorder of 18.3% (n = 17).

The observed sum scores of the DePreS ranged from —14 to 18, and
62.4% of patients (n = 58) had a sum score = 0. The predictive ac-
curacy of the DePreS was found to be best for a cut-off score of 0, with a
specificity of 0.74 (0.64-0.84), sensitivity of 0.64 (0.42-0.87), negative
predictive value of 0.90 (0.80-1.00), and positive predicted value of
0.35 (0.19-0.52). The discriminative power of the DePreS was good,
with an area under the ROC-curve of 0.71 (95% CI: 0.56-0.86) (Fig. 2).
An overview of these findings for the different cut-off values is pre-
sented in Table 3.

4. Discussion

The aim of this study was to investigate the predictive accuracy of
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Fig. 2. Receiver operating characteristic curve.

the DePreS administered in the first week after ischemic or hemorrhagic
stroke for estimating the risk of MDD in the second month after stroke.
Overall, the DePreS showed an adequate predictive accuracy and dis-
criminative power, with a high negative predictive value and specificity
and a relatively high AUC. These results indicate that the DePreS can be
used to reliably identify in the first week after stroke patients in whom
the risk of depression in the second month after stroke is low.

The results in this study endorse that the DePreS can serve as the
basis for a simple decision tree to guide a more selective screening
process. Since the motive for the development of the DePreS was to
enable clinicians to estimate the risk for depression for an individual
patient in the first week after stroke considering the limited window of
in-hospital opportunity (De Man-van Ginkel et al., 2013), all predictors
included in the DePreS are available to clinicians in the first week after
stroke from routine care data. As a result, the DePreS can be used
without need for structural additional assessment in those patients for
who the DePreS indicate a low risk for MDD after stroke. This is an
important advantage over other early identification strategies that re-
quire active involvement of patients, apart from the fact that these
strategies are sub-optimal because of the short length of stay in hospital
(Van Raak, 2010).

In the current study the main focus was to investigate the predictive
accuracy of the DePreS, for which the optimal strategy is to conduct a
study in a new sample of patients admitted to other institutions than
those in which the patients of the development study were recruited
(Altman et al., 2009). Therefore, we included patients admitted to a
hospital in the Netherlands who did not participate in the previous
study in which the DePreS was developed and admitted to two hospitals
in Germany. The inclusion of these patients increased the power of the
findings for the entire population since involving new institutes from
different countries optimally reflects the normal variability of patients
in the population. This bi-national nature, however, can easily in-
troduce differences in the baseline characteristics of the participating
patients due to potential differences in the stroke population between
the Netherlands and Germany. When comparing the baseline char-
acteristics between the Dutch and German samples we made some in-
teresting observations. The vascular risk factors, such as hypertension
and diabetes mellitus, were more prevalent and the mean age was lower
in the German sample than that in the Dutch sample. By contrast, the
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Table 3
Performance of the DePreS.
Cut-off n  Sensitivity (95% Specificity (95% Positive predictive Negative predictive ~ True-positive  False- False-negative True-negative Youden's
Cn CD value (95% CI) value (95% CI) n (%) positive n (%) n (%) n (%) index
-5 65 0.82(0.64-1.00) 0.33(0.22-0.43) 0.22 (0.12-0.32) 0.89 (0.82-0.97) 14 (21.5) 51 (78.5) 3(10.7) 25 (89.3) 0.15
-2 38 0.71(0.49-0.92) 0.66 (0.55-0.76) 0.32 (0.17-0.46) 0.91 (0.82-1) 12 (31.6) 26 (68.4) 50.1) 50 (90.9) 0.37
0 31 0.65(0.42-0.87) 0.74 (0.64-0.84) 0.35 (0.19-0.52) 0.90 (0.80-1) 11 (35.5) 20 (64.5) 6 (9.7) 56 (90.3) 0.39
2 16 0.41(0.18-0.65) 0.88(0.81-0.95) 0.44 (0.19-0.68) 0.87 (0.71-1.03) 7 (43.7) 9 (56.3) 10 (13.0) 67 (87.0) 0.29
3 11 0.35(0.13-0.58) 0.93(0.88-0.99) 0.55 (0.25-0.84) 0.87 (0.66-1.07) 6 (54.5) 5 (45.5) 11 (13.4) 71 (86.6) 0.28

Abbreviations: CI=Confidence interval; n=Number.
Notes: Youden's Index = Sensitivity + Specificity-1.

prevalence of motor symptoms was higher and the mean BI sum score
was lower in the Dutch sample than those in the German sample. In-
terestingly however, the proportion of patients discharged to inpatient
rehabilitation was considerably lower in the Dutch sample than that in
the German sample. These differences are found in the literature as well
and seem to reflect the differences in socioeconomic status and
healthcare systems that still exist between the two populations re-
presented by the study samples (Grau et al., 2001; Haerting et al., 2012;
Arboix, 2015).

Another remarkable finding is that in the Dutch sample no patients,
and in the German sample only two patients, with intracerebral he-
morrhage were recruited. Since patients with intracerebral hemorrhage
often demonstrate more severe stroke consequences in the first few days
after stroke, it is reasonable that these patients were excluded because
they were too ill to participate (Ojaghihaghighi et al., 2017; Chiu et al.,
2010). This finding is comparable to that of an earlier study in the same
population in Halle (Saale) that also included a low proportion of pa-
tients with intracerebral hemorrhage (Saal et al., 2015). In addition, the
absence of patients with an intracerebral hemorrhage in the Dutch
sample can be explained by the fact that the Dutch sample was re-
cruited in a non-academic hospital and patients admitted with an in-
tracerebral hemorrhage are often referred to an academic hospital for
specialized treatment directly after assessment in the emergency de-
partment.

The prevalence of MDD after stroke in this study was higher than
that in the development study (De Man-van Ginkel et al., 2013).
However, the prevalence was comparable to the internationally known
prevalence of MDD after stroke, indicating a 13% (95% CI 8-19%)
pooled estimate of the prevalence of MDD after stroke according to the
DSM criteria within six weeks after a stroke (Hackett and
Pickles, 2014).

The AUC of the DePreS of 0.71 (95% CI 0.56 - 0.86) was slightly
lower than that of the development study (AUC 0.78, 95% CI 0.72 -
0.85) (De Man-van Ginkel et al., 2013). Although it was expected that
the results of a diagnostic validation study in a new sample of patients
would show lower discriminative findings (Bleeker et al., 2003), the
difference was fairly small (>0.1), indicating that the AUC of the
DePreS, as it was between 0.7 and 0.8, is acceptable and makes the
DePreS a stable instrument (Mandrekar, 2010). This finding also con-
firms that the DePreS discriminates well between stroke patients not at
risk for depression from those who are at risk for depression after a
stroke (Steyerberg, 2009).

In the current study, the predictive performance was found to be
best at a cut-off score of =0, as was reflected by the highest negative
predictive value, acceptable specificity, and highest specificity and
Youden's index. In the development study, the best cut-off score was
found and the Youden's index was highest at a cut-off score of =2
(De Man-van Ginkel et al., 2013).

However, unpublished findings showed a higher negative predictive
value at a cut-off score of =0, which also emphasizes the stability of the
DePreS (Mandrekar, 2010).

The consequence of the focus on specificity and negative predictive
value, however, is that the performance of the DePreS resulted in a low
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sensitivity and positive predictive value. This can be explained by a
slightly lower prevalence than assumed based on the literature and the
findings of the development study when calculating the needed sample
size. Although the calculated sample size was reached, we found a
lower prevalence. Since the prevalence of disease is directly related to
the prevalence of the disease this lower prevalence might explain the
predictive values found for the DePreS (Parikh et al., 2008). Further-
more, the resulted sensitivity was lower in comparison with the de-
velopment study of the DePreS throughout the calculated cut-off scores
which could be explained by the assumable lower predictive accuracy
parameters in validation studies (Bleeker et al., 2003; De Man-van
Ginkel et al., 2013). The resulted sensitivity and positive predictive
value indicate a relatively large proportion of patients that are in-
correctly identified as at risk for depression. However, since additional
screening and diagnosing of MDD are indicated in these patients, they
will be spared unnecessary treatment. This is preferable to being in-
correctly identified as at no risk for depression, as this results in these
patients, who need adequate monitoring and, if necessary, treatment, in
fact will not get any follow up. This is expected to be more burdensome
than the additional screening, not only because of the burden of de-
pression but also because of its negative impact on rehabilitation out-
comes (Robinson and Jorge, 2016). When determining the optimal
cutoff value, we focused on an optimal balance between the NPV and
the PPV as well as the sensitivity and the specificity (Trevethan, 2017).
This is indicated by the Youden's index (Hughes, 2015) which is highest
at a cut-off score of =0. Another argument for choosing a cut-off score
of =0 is that it is easier to interpret this score intuitively, which con-
tributes to clinical usability and acceptance.

The strength of the design of the study is the multicenter approach
that used stroke patients from two countries to validate the predictive
performance of the DePreS. Considering the differences between the
samples, the instrument can be used with confidence in other patient
populations.

This study has certain limitations. First, the focus on the in-
vestigation of the predictive accuracy of the DePreS is not equal to
validating the modeling process of an instrument, and therefore does
not answer the question whether in a new sample of stroke patients the
same set of predictors for depression would result in the same set of
predictors in the final model, and whether the performance of the
model, in terms of calibration and discrimination, is comparable with
the models’ performance in the data of the original sample
(Steyerberg, 2009; Altman et al., 2009). A second limitation is the high
number of patients who were too ill to participate, predominately in the
German setting in this study. Since this criterion was based on the
clinical judgement of the researchers and clinicians, it might have led to
some differences in the sample with regard to the patient's condition at
inclusion and might explain the differences found in the severity of
stroke symptoms between the two samples. The generalizability of the
study findings is limited to patient able to communicate adequately
because we exclude patients with cognitive and communicative im-
pairments.
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5. Conclusions

This study demonstrates that the DePreS is an adequate instrument
for early and reliable identification of stroke patients who are not at risk
of MDD in the second months after stroke, which enables clinicians to
provide further assessments only in stroke patients who are identified to
be at risk of depression. Provided a timely diagnosis followed by ade-
quate therapy, using the DePreS routinely in daily hospital care may
reduce the burden of living with untreated consequences of depression
entails. Further research for early, reliable risk prediction for depression
after a stroke is needed in stroke patients with communicative and/or
cognitive impairments (Van Dijk, 2016). Moreover, the development of
a care program that starts with an adequate risk prediction during
hospital admission and that is embedded in the stroke rehabilitation
pathway is essential for improving recovery and psychosocial well-
being.
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