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Generalized Estimating Equations analyses were performed 
to examine the course of the 4 domains of QoL. Furthermore, 
the possible confounding effect of age, gender, marital sta-
tus, level of education and discharge destination was exam-
ined.  Results:  Results showed that HRQoL, participation and 
life satisfaction improved during the first year post stroke, 
with most changes occurring in the first 6 months. Further-
more, patients dependent in ADL scored consistently lower 
on all 4 QoL domains and test occasions compared to ADL-
independent patients. In both patient groups separately, no 
changes over time were found in emotional functioning. 
ADL-independent patients improved in HRQoL (p = 0.002), 
participation (p < 0.001) and life satisfaction (p = 0.020) be-
tween 2 and 6 months and in life satisfaction (p = 0.003) be-
tween 6 and 12 months also. ADL-dependent patients im-
proved in HRQoL (p = 0.009) between 2 and 6 months and in 
participation between 2 and 6 months (p = 0.001) and be-
tween 6 and 12 months (p = 0.031). Furthermore, they expe-
rienced no changes in life satisfaction. No confounding ef-
fect was found after adding age, gender, marital status, level 
of education and discharge destination.  Conclusions:  Most 
improvement in QoL occurred up to 6 months post stroke 

 Key Words 

 Activities of daily living · Stroke care · Stroke outcome · 
Quality of life 

 Abstract 

  Background:  Little information is available about the course 
of quality of life (QoL) post stroke and how dependency on 
activities of daily living (ADL) influences this course. The aim 
of this study was therefore to describe the course of QoL 
from 2 months up to 2 years post stroke and to study the in-
fluence of ADL dependency in the first week post stroke. 
 Methods:  This is a multicenter prospective longitudinal co-
hort study in which 368 stroke patients were included and 
data were collected at 1 week, 2 months, 6 months, 12 
months and 24 months post stroke. QoL assessment includ-
ed measures of health-related quality of life (HRQoL) (short 
stroke-specific Quality of Life Scale), emotional functioning 
(Hospital Anxiety and Depression Scale), participation 
(Utrecht Scale for Evaluation of Rehabilitation-Participation), 
and life satisfaction (2LS). Dependency on ADL was defined 
as having a Barthel Index score  ≤ 17 four days post stroke. 
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and showed different patterns for specific domains of QoL 
and for patients with and without dependency in ADL in the 
first week post stroke. It is therefore important to differenti-
ate between these different domains of QoL when the long-
term perspective is considered. Furthermore, patients de-
pendent in ADL consistently scored lower on all QoL do-
mains and did not reach the level of QoL of patients 
independent of QoL.  © 2015 S. Karger AG, Basel 

 Stroke is a chronic condition that can lead to serious 
consequences in terms of physical  [1] , cognitive  [2]  and 
emotional problems  [3] , but may also affect social reinte-
gration  [4]  and life satisfaction  [5] . Assessment of impair-
ment and disability alone provides insufficient informa-
tion about the entire impact of stroke  [6–8] . This has led 
to growing interest in psychosocial concepts such as qual-
ity of life (QoL)  [6, 7] .

  Changes in QoL post stroke have been investigated us-
ing health-related quality of life (HRQoL) measures or by 
assessing specific domains of QoL, such as emotional 
functioning, participation and life satisfaction. Most 
studies investigated the course of HRQoL only up to the 
first 6 months post stroke  [9–11] . The few studies that 
used a longer follow-up period showed inconclusive and 
contradictory results  [8, 12, 13] . The long-term course of 
HRQoL post stroke is therefore still unclear. Moreover, 
taking a closer look at specific QoL domains, the course 
of emotional functioning, participation and life satisfac-
tion post stroke is not clear  [14–23] .

  Investigating the long-term course of QoL after stroke 
will provide insight into the enduring consequences 
caused by stroke and will contribute to our knowledge 
about the expected outcome for patients. In addition, in 
the first week after stroke, decisions about discharge des-
tination and rehabilitation treatment are made on the ba-
sis of the expected outcome, of which activities of daily 
living (ADL) is an important determinant  [12] . Hence, 
the aim of this study was to describe the course of QoL 
from 2 months up to 2 years post stroke and to study the 
influence of ADL dependency in the first week post 
stroke.

  Methods 

 Design and Procedure 
 This study is part of the multicenter prospective longitudinal 

Restore4Stroke Cohort study  [24] . In this study, newly referred 
stroke patients were recruited in 6 general hospitals in the 

 Netherlands between March 2011 and March 2013 and followed 
for 2 years. The medical ethics committees of all participating hos-
pitals gave their approval, and informed consent was obtained 
from all included patients. This study reports data at stroke onset 
and at 2, 6, 12 and 24 months post stroke.

  After informed consent had been given, the first assessment 
concerned demographic and stroke-related factors. Information 
on stroke-related factors (e.g. type of stroke, hemisphere, stroke 
severity) and ADL dependency, as assessed by the neurologist on 
day 4, was extracted from the medical charts. Information on de-
mographic factors was obtained from the patient or from family 
members. The second, third, fourth and fifth assessments took 
place 2, 6, 12 and 24 months post stroke. During these assessments, 
patients were asked to complete self-report scales on HRQoL, 
emotional functioning, participation restrictions and life satisfac-
tion. Furthermore, during the second assessment, 2 months post 
stroke, a cognitive screening was conducted by a trained research 
assistant.

  Subjects 
 Stroke patients were eligible for this study if they had a clini-

cally confirmed diagnosis of stroke (ischemic or intracerebral 
hemorrhagic lesion), irrespective of severity, and had suffered 
their stroke within the last 7 days. All patients had to be at least 18 
years old.

  Patients were excluded from the study if they (1) had a serious 
other condition that was anticipated to interfere with the study 
outcomes; (2) were already dependent regarding ADL before their 
stroke as defined by a Barthel Index (BI) score of 17 or lower  [25] ; 
(3) had insufficient command of the Dutch language to under-
stand and complete the questionnaires (based on clinical judg-
ment); or (4) were already suffering from cognitive decline before 
their stroke as defined by a score of 1 or higher on the Heteroan-
amnesis List Cognition  [26] .

  Measures 
 Dependent Variables 
 QoL was assessed with 4 measures: the short stroke-specific 

Quality of Life Scale (SS-QoL-12)  [27] , the Hospital Anxiety and 
Depression Scale (HADS)  [28, 29] , the participation restrictions 
subscale of the Utrecht Scale for Evaluation of Rehabilitation-Par-
ticipation (USER-Participation-R)  [4, 30]  and the 2 Life Satisfac-
tion questions (2LS)  [31] .

  The SS-QoL-12  [27]  is a disease-specific HRQoL measure. The 
SS-QoL-12 consists of 12 items each scored on a 5 point scale. 
Items are averaged to obtain a mean score, and a higher score in-
dicates a higher level of HRQoL. The SS-QoL-12 is a valid measure 
to assess HRQoL after stroke  [27] .

  The HADS was used to assess emotional functioning in terms 
of depressive and anxiety symptoms. This measure consists of 14 
items, and the score ranges from 0 to 42. A higher score indicates 
more emotional problems  [28] . The HADS has shown good psy-
chometric properties and is commonly used for stroke patients 
 [28, 29] .

  The USER-Participation-R was used to assess experienced par-
ticipation restrictions  [4, 30] . This scale consists of 11 items ad-
dressing difficulties experienced with vocational, leisure, and so-
cial activities caused by the stroke. Scores range from 0 to 100 and 
a higher score reflects better participation (fewer experienced re-
strictions). The USER-Participation has shown satisfactory reli-
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ability and validity and has been used for stroke patients previ-
ously  [4] .

  The 2LS was used to assess life satisfaction  [31] . This measure 
consists of 2 items. The first item assesses current life satisfaction 
on a 6-point scale. The second item assesses current life satisfac-
tion in comparison to life satisfaction before the stroke on a 7-point 
scale. The sum of these 2 questions ranges from 2 to 13, where a 
higher score indicates a higher level of life satisfaction. The 2LS has 
shown satisfactory validity and has been used in earlier publica-
tions  [31, 32] .

  Independent Variables 
 Information about gender, age, marital status, level of educa-

tion, discharge destination, stroke severity, and ADL dependency 
was collected. For level of education, we used the Dutch classifica-
tion system of Verhage (range 1–7)  [33] . Scores were dichoto-
mized into low (up to completed secondary education) and high 
levels of education (completed university of professional educa-
tion or higher). Discharge destination after hospitalization was 
categorized into home or inpatient rehabilitation. Stroke severity 
was assessed with the National Institutes of Health Stroke Scale 
 [34] . Cognitive functioning was assessed using the Montreal Cog-
nitive Assessment (range 0–30) 2 months post stroke  [35] . The 
Montreal Cognitive Assessment is a brief cognitive screening tool 
suitable for use in stroke patients  [35] . ADL dependency was as-
sessed using the BI, which is a validated measure often used in 
stroke  [25] . The BI score was dichotomized into dependent (BI 
<18) and independent (BI  ≥ 18) scores.

  Statistical Analyses 
 Patients who completed one or more measurements were in-

cluded in the analysis. Descriptive statistics were used to describe 
patients’ characteristics and dependent variables using SPSS 
(version 22.0; IBM Corp., Armonk, N.Y., USA). To study the 
course of QoL, Generalized Estimating Equation (GEE) analyses 
with an exchangeable correlation structure was performed on the 
4 dependent variables  [36] . For each outcome measure, a GEE 
model was created with the measurement point as the main de-
terminant, entered in the models as a set of 3 dummy variables. 
To examine the course of the dependent variables in each time 
period, different dummy variables were used as a reference, 
meaning that the course was examined in 3 different time peri-
ods; from 2 to 6 months post stroke, from 6 to 12 months post 
stroke, and from 12 to 24 months post stroke. A major advantage 
of GEE is that patients with partly missing measurements do not 
have to be excluded from the analyses. To study whether there 
was a difference in course over time on the 4 dependent variables 
between patients who were independent in ADL and those who 
were dependent, first a model was analyzed that included the 
time dummies, the dichotomized BI score and interaction terms 
between the time dummies and the dichotomized BI score. If an 
interaction term was not significant, the analysis was repeated 
using a model including only the time dummies and the dichoto-
mous BI score.

  The possible confounding effect of age, gender, marital status, 
level of education and discharge destination on the course of QoL 
was examined by adding these variables to the model. These char-
acteristics were considered to be confounders if the coefficient of 
the time dummies or the dichotomous ADL score respectively 
changed more than 10% after adding the characteristics to the 

model. If not, they were left out of the analyses. p values of <0.05 
were considered to be statistically significant. GEE analyses were 
carried out using STATA, version 12.0.

  Results 

 A total of 395 stroke patients were included in the 
 Restore4Stroke Cohort study. Three hundred and forty 
three patients participated in the assessments 2 months 
post stroke (86.8%), 344 at 6 months post stroke (87.1%), 
326 at 1 year post stroke (82.5%), and 310 at 2 years post 
stroke (78.5%). A total of 368 patients completed at least 
one measurement with QoL data and were included in the 
analyses (93.2%).

   Table 1  presents patients’ characteristics for the total 
patient group and for patients who were dependent and 
independent in ADL 4 days post stroke, separately. The 
mean age at stroke onset was 66.8 (SD 12.3) years, and 
64.4% of the patients were male. Four days post stroke, 
the mean BI score was 16.9 (SD 4.8) and 32.6% of the pa-
tients were dependent on ADL. Furthermore, 70.9% of 
the patients had been discharged directly home from the 
hospital. A comparison between patients who were de-
pendent and independent of ADL showed that the pa-
tients dependent on ADL were older, had a partner less 
often, suffered a more severe stroke, and were more often 
discharged to inpatient rehabilitation.

  Course of HRQoL 
 GEE analyses showed no statistically significant inter-

action effects between time and ADL dependency for all 
4 QoL measures. In the subsequent analyses without the 
interaction terms, significant differences between the 2 
ADL groups were found (p  ≤  0.001). Thus, it was decided 
to analyze the 2 ADL groups independently in addition to 
analyses performed on the total population. The possible 
confounders were therefore analyzed separately in the pa-
tient groups dependent and independent in ADL.

   Table 2  presents descriptive statistics of QoL at each 
measurement and  table 3  presents the course of QoL for 
the total patient group separately for patients who were 
independent in ADL and patients who were dependent in 
ADL. No confounding effect was found after adding age, 
gender, marital status, level of education and discharge 
destination to the 2 separate models.

  The score on the SS-QoL-12 increased between 2 and 
6 months post stroke for both the total group (p < 0.001) 
and for both groups separately (dependent p = 0.009; in-
dependent p = 0.002;  fig. 1 ). The score on the HADS did 
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not change between 2 months and 2 years post stroke for 
both the total group and for both groups separately 
( fig. 2 ). The total patient group and the patient group in-
dependent in ADL showed an increase on the USER-Par-
ticipation restrictions, meaning that they experienced 
fewer restrictions, between 2 and 6 months post stroke 

(p < 0.001;  fig. 3 ). Furthermore, patients who were depen-
dent in ADL 4 days post stroke showed an increase on the 
USER-Participation restrictions between 2 months and 1 
year post stroke (2–6 months post stroke, p = 0.001, and 
6–12 months post stroke, p = 0.031). The score on the 2LS 
showed an increase for the total patient group between 6 

Table 1.  Patients characteristics (n = 368)

Total group (n = 368) BI ≤17 (n = 120) BI >17 (n = 248)

Demographic factors
Sex, male 64.4 60.8 66.1
Age in years 66.8±12.3 70.3±12.6 65.1±11.9*
Marital status, living together 69.3 60.8 73.4*
High education levela 27.2 23.3 29.0

Stroke-related factors
Ischemic stroke 92.9 91.7 93.5
Left hemisphere 40.8b 30.8 45.7
Severity of stroke 4 days post stroke 2.7±3.2 4.7±4.3 1.8±1.9*

No stroke symptoms (NIHSS 0) 24.5 10.8 31.0
Minor stroke symptoms (NIHSS 1–4) 56.2 47.5 60.5
Moderate stroke symptoms (NIHSS 5–12) 17.1 35.0 8.5
Moderate to severe stroke symptoms (NIHSS ≥13) 2.2 6.7 0.0

ADL 4 days post stroke 16.9±4.8 11.2±4.6 19.6±0.7*
Cognitive functioning 2 months post stroke 23.6±4.0c 23.0±4.1d 23.8±3.9e

Cognitively impaired (MoCA ≤25) 67.5 72.4 65.4
Destination after discharge from hospital

Home 70.9 32.5 89.5*
Rehabilitation 29.1 67.5 10.5

 NIHSS = National Institutes of Health Stroke Scale; MoCA = Montreal Cognitive Assessment. Values are percentages or mean ± SD. 
a Completed University of Professional Education and higher; b n = 363; c n = 345; d n = 105; e n = 240. * Significant difference between the patients dependent and independent in ADL 4 days post stroke.

Table 2.  Descriptive statistics of quality life at each measurement separately for patients dependent (n = 120) and independent (n = 248) 
in ADL 4 days post stroke (mean ± SD)

2 months post stroke 6 months post stroke 1 year post stroke 2 years post stroke

ADL dependent (n = 120) n = 105–106 n = 112 n = 109–111 n = 98–101
SS-QoL-12 3.6±0.9 3.7±0.8 3.7±0.8 3.7±0.9
HADS 10.4±7.1 11.3±7.1 11.3±6.7 12.0±7.8
USER-Participation-R 62.2±23.1 68.1±23.0 70.6±21.3 70.0±24.0
2LS 6.9±2.2 6.8±2.1 6.7±2.1 6.9±2.4

ADL independent (n = 248) n = 234–238 n = 232–233 n = 216–220 n = 219–221
SS-QoL-12 4.1±0.8 4.2±0.7 4.2±0.8 4.1±0.8
HADS 8.9±7.2 8.8±7.0 8.6±6.7 9.3±7.3
USER-Participation-R 78.0±20.1 82.0±18.7 83.5±19.0 83.7±21.2
2LS 7.6±2.0 7.8±2.0 8.2±1.9 7.9±2.2

 Higher scores on the SS-QoL-12, USER-Participation-R, and 2LS means better outcome. Higher scores on the HADS means worse 
outcome.
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and 12 months post stroke (p = 0.018;  fig. 4 ). The patient 
group independent in ADL showed an increase from 2 
months up to 12 months post stroke (2–6 months post 
stroke, p = 0.020, and 6–12 months post stroke, p = 0.003). 
On the other hand, no increase on the 2LS was found for 
the patient group dependent in ADL.

  Discussion 

 This study showed a general improvement of QoL 
from 2 months up to 2 years post stroke and patients in-
dependent in ADL consistently scored higher on all 4 
QoL domains. Changes occurred only during the first 

Table 3.  GEE analyses for the course of quality of life from 2 months up to 2 years post stroke for the total group (n = 368) and sepa-
rately for patients dependent (n = 120) and independent (n = 248) in ADL 4 days post stroke

Variables Model for SS-QoL-12 Model for HADS Model for USER-Participation-R  Model for 2LS

B SE p value B SE p value B SE p value B SE p value

Total group (n = 368)
Constant 3.56 0.07 10.95 0.58 62.4 1.88 6.6 0.18
Time (T3–T2) 0.14 0.03 <0.001 0.14 0.29 0.622 5.04 0.99 <0.001 0.17 0.11 0.113
Time (T4–T3) –0.01 0.03 0.751 –0.06 0.26 0.826 2.29 0.86 0.008 0.23 0.10 0.018
Time (T5–T4) –0.03 0.03 0.402 0.49 0.29 0.089 –0.84 0.90 0.352 –0.11 0.10 0.274
BI (dependent) 0.47 0.08 <0.001 –2.18 0.68 0.001 14.6 2.06 <0.001 1.05 0.20 <0.001

ADL dependent (n = 120)
Constant 3.53 0.08 10.36 0.66 60.80 2.23 6.85 0.21
Time (T3–T2) 0.19 0.07 0.009 0.97 0.55 0.077 6.52 2.02 0.001 –0.11 0.20 0.569
Time (T4–T3) –0.04 0.06 0.508 –0.09 0.46 0.839 3.86 1.79 0.031 –0.01 0.17 0.953
Time (T5–T4) 0.01 0.07 0.855 0.46 0.60 0.445 –2.04 1.95 0.295 0.14 0.19 0.459

ADL independent (n = 248)
Constant 4.05 0.05 9.03 0.46 77.64 1.308 7.51 0.13
Time (T3–T2) 0.11 0.04 0.002 –0.23 0.34 0.505 4.40 1.10 <0.001 0.30 0.13 0.020
Time (T4–T3) <0.01 0.04 0.936 –0.05 0.32 0.885 1.46 0.92 0.113 0.35 0.12 0.003
Time (T5–T4) –0.05 0.04 0.230 0.51 0.31 0.105 –0.19 0.96 0.840 –0.24 0.13 0.055

 B = Unstandardized coefficient; SE = standard error. T2 = 2 months post stroke; T3 = 6 months post stroke; T4 = 1 year post stroke; 
T5 = 2 years post stroke. Bold = Statistically significant.
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  Fig. 1.  The course of HRQoL. 
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  Fig. 2.  The course of emotional functioning. 
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year and mostly during the first 6 months post stroke. 
This is largely in agreement with the assumed time frame 
for functional recovery after stroke, which involves most 
of the functional recovery taking place in the first 6 months 
post stroke  [37, 38] .

  It is, however, remarkable that we found this same time 
frame for recovery in QoL. We assume that adaptation 
post stroke is a continuous process that stretches over a 
longer period that begins when the patient starts to realize 
that there will be no full recovery of functioning, despite 
rehabilitation efforts in the first 3–6 months  [39] . A pos-
sible explanation is that in this study, even the ADL-de-
pendent patients were on average only moderately depen-
dent in ADL 4 days post stroke and had already regained 
functioning in terms of ADL in the first few weeks post 
stroke. Additional analysis (not presented in the results) 
showed that 2 months post stroke, only 10% of the patients 
were dependent in ADL in comparison to 33% of the pa-
tients 4 days post stroke. Furthermore, even though on 
average these patient groups showed no further signs of 
recovery 1 year after stroke, it is plausible that on an indi-
vidual level, patients still show signs of recovery or de-
cline. For example, a study on mobility found that be-
tween 1 and 3 years post stroke, a decline in mobility oc-
curred in 21% of the patients, and approximately 7% of the 
patients had improved mobility  [40] . Furthermore, an-
other study found individual variation in the experience 
of depressive symptoms in the first years post stroke while 
the percentage of patients experiencing depressive symp-
toms during these years stayed relatively the same  [41] .

  Looking at the different domains, we do see differ-
ences in the course of QoL. HRQoL, participation re-
strictions and life satisfaction showed improvement over 
time, whereas emotional functioning did not. The stable 
levels of emotional functioning found in this study, were 
in accordance with a recent study in which stability of 
depression was found during the first 18 months post 
stroke  [16] . Emotional functioning is strongly related 
with psychological factors, such as neuroticism and pas-
sive coping  [42, 43] , and personality factors such as neu-
roticism are assumed to remain relatively stable through-
out life.

  In the patient group independent in ADL, life satisfac-
tion increased up to 1 year post stroke and remained sta-
ble after that. In another research, it was also found that 
life satisfaction improved up to 1 year post stroke. Fur-
thermore, this study found that once life satisfaction was 
restored, it remained stable, and poor life satisfaction at 
1 year post stroke remained poor for the subsequent years 
 [23] . Most studies investigating general HRQoL with a 
follow-up period up to 6 months post stroke found an 
improvement in HRQoL  [9–11] . The results from these 
studies are largely in accordance with results from this 
study. Improvement in participation, however, was seen 
for a longer period, especially in the group of ADL-de-
pendent patients. This may reflect the adaptation process, 
which needs more time from those patients who spend 
the most time and energy in improving daily activities in 
the first months post stroke; increasing levels of participa-
tion will follow later in those patients.
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  Strengths and Limitations 
 This has several strengths. First, a large group of patients 

(n = 368) was examined in a longitudinal design with re-
peated assessments up to 2 years post stroke. Second, results 
were analyzed with an advanced statistical technique; this 
allowed patients with at least one completed assessment to 
be included in the analyses, meaning that more patients 
were included in the analyses. Third, we investigated QoL 
from a broad perspective, measuring 4 domains of QoL.

  The following limitations should be taken into account. 
The first assessment of QoL took place at 2 months post 
stroke; therefore, we did not have information about chang-
es in QoL in the first 2 months post stroke. Furthermore, 
about 80% of the patients in this study suffered a minor 
stroke, which limits the validity of our results for this popu-
lation. Consequently, a lower number of patients in this 
study were part of the patient group dependent in ADL in 
the acute phase post stroke, making it more difficult to find 
significant changes over time for this patient group.

  Conclusion 

 In general, most improvement in QoL takes place up to 
6 months post stroke and shows different patterns for the 
specific QoL domains and for patients with and without 

dependency in ADL in the first week post stroke. It is there-
fore important to differentiate between the courses of these 
different QoL domains when the long-term perspective is 
considered. Furthermore, patients dependent in ADL con-
sistently scored lower on all QoL domains and did not 
reach the level of Qol of patients independent in ADL.
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