
Segerdahl et al. BMC Geriatrics          (2023) 23:584  
https://doi.org/10.1186/s12877-023-04308-z

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, 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://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Geriatrics

Health-related quality of life in stroke 
survivors: a 5-year follow-up of The Fall Study 
of Gothenburg (FallsGOT)
Mårten Segerdahl1,2, Per‑Olof Hansson2,3, Carina M. Samuelsson4 and Carina U. Persson4,5*   

Abstract 

Background There are limited data on long‑term prevalence and predictors of health‑related quality of life (HRQoL) 
in stroke survivors. Therefore, the aim was to describe the prevalence of impaired HRQoL, and to identify factors 
in acute stroke that are associated with impaired HRQoL, 5 years after stroke.

Methods The 305 (60.5%) stroke survivors of the original 504 participants from The Fall Study of Gothenburg were 
invited to participate in a 5‑year follow‑up including assessment of HRQoL using the EuroQol 5 Dimensions 3 Levels 
questionnaire (EQ‑5D‑3L). To identify baseline predictors of impaired HRQoL, based on the EQ‑5D‑3L’s five dimensions, 
univariate and multivariate logistic regression analyses were performed.

Results A total of 129 participants (42.3% of the survivors) completed the questionnaire at a median follow‑up time 
of 58 months. At baseline, their mean age was 70.6 years, and they had a median NIHSS score of 1. The median (inter‑
quartile range [IQR]) EQ‑5D‑3L index score was 0.87 (0.71–0.93) and the median (IQR) EQ‑visual analogue scale was 70 
(49.8–88). In total, 102 (79%) participants were classified as having impaired HRQoL, stated primarily (among 68.5%) 
related to Pain/Discomfort. Higher age was identified as a predictor of impaired HRQoL related to Mobility (Odds 
ratio (OR) 1.05, 95% confidence interval (CI) 1.01–1.10) and Self‑Care (OR 1.09, 95% CI 1.02–1.17), and longer hospital 
stay at baseline was identified as a predictor related to Mobility (OR 1.09, 95% CI 1.01–1.18), Self‑Care (OR 1.10, 95% CI 
1.02–1.18)) and Usual Activities. (OR 1.10, 95% CI 1.03–1.18).

Conclusion At 5 years after stroke, four out of five participants (79%) reported impaired HRQoL related to any 
of the five dimensions assessed by using the EQ‑5D‑3L. Most reported, impaired HRQoL was related to Pain/Discom‑
fort. Higher age and longer hospital care period at index stroke were associated with impaired HRQoL. The findings 
could assist to identify individuals at high risk of low HRQoL, who might benefit from special attention and psycho‑
logical support.
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Introduction
Following a stroke, chronic negative effects on physi-
cal, mental and social functions are common [1]. A key 
outcome in stroke care is health-related quality of life 
(HRQoL) [2]. HRQoL has been defined as "an individu-
al’s or group’s perceived physical and mental health over 
time” [3], and focuses on the importance of health status 
on quality of life (QoL) [2]. Understanding which factors 
are associated with HRQoL in stroke survivors may assist 
clinicians and policymakers in actions aiming to improve 
HRQoL during rehabilitation and life after stroke, but 
long-term follow-ups of HRQoL are limited.

To address the research gaps with limited data on 
long-term prevalence and predictors of HRQoL in stroke 
survivors, the aim of this study was to describe the preva-
lence of impaired HRQoL, and to identify factors in acute 
stroke that are associated with impaired HRQoL, 5 years 
after stroke. Based on previous research on factors asso-
ciated with impaired HRQoL regardless of timepoint 
after stroke and clinical reasoning, we hypothesised that 
impaired HRQoL is common among stroke survivors 
5 years after stroke and that older age [4, 5], female sex 
[5, 6], higher stroke severity [7], longer duration of hospi-
tal stay [4] and cardiovascular comorbidities would all be 
associated with impaired self-reported HRQoL.

Materials & methods
Study design
The current study formed a follow-up of the participants 
in The Fall Study of Gothenburg (FallsGOT) [8], a cross-
sectional and longitudinal observational cohort study, 
5  years following enrolment at index stroke. Compre-
hensive study details of the FallsGOT’ eligibility criteria, 
the methods and participant characteristics have been 
described in detail elsewhere [8–10]. In brief, the study 
comprised consecutively included patients from one of 
three stroke units at the Sahlgrenska University Hospi-
tal in Gothenburg, Sweden who had a clinical diagnosis 
of stroke including infarction, intracerebral hemorrhage, 
and subarachnoid hemorrhage. People who were unwill-
ing to participate in the study or those with a palliative 
condition for whom the patient’s physician deemed inclu-
sion unethical were excluded from consideration. None 
of the included patients got intervention with throm-
bolysis or thrombectomy, those patients considered to 
need that treatment were referred to another stroke unit 
in the city. At the inclusion at baseline, the median age 
was 77 years old and the median NIHSS score was 2. The 
baseline variables were assessed during the first four days 
after admission to the stroke unit. Stroke was defined 
as a clinical diagnosis of stroke, i.e., it had been regis-
tered with any of the International Classification of Dis-
eases (ICD-10) codes I60, I61 and I63. Participants who 

completed the EuroQol 5 Dimensions 3 Levels question-
naire (EQ-5D-3L) [11] at follow-up were included in the 
present study.

The FallsGOT has been registered at ClincialTrials.gov 
(identifier: NCT02264470; 15/10/2014). The Regional 
Ethical Review Board of Gothenburg approved the origi-
nal study (reference number 004–14) and the Swedish 
Ethical Review Authority approved the 5-year follow-
up (reference numbers: 2019–06476).  Prior to the start 
of the original study, written informed consent was 
obtained from all the participants, or from the patients’ 
next of kin if a patient was unable to read or understand 
the information.

Assessment at baseline
The variables assessed at index stroke were available 
from the FallsGOT database and included: age; sex; 
length of stay (LOS); fear of falling; the National Insti-
tutes of Health Stroke Scale (NIHSS) [12]; body mass 
index (BMI); self-reported previous physical activity level 
(using the Saltin-Grimby Physical Activity Level Scale 
[SGPALS]) [13, 14]; history of stroke; presence of comor-
bidity (hypertension; diabetes mellitus; atrial fibrillation; 
congestive heart disease or ischemic heart disease), num-
ber of medications and use of antidepressant medication 
(Anatomical Therapeutic Chemical [ATC] code N06A). 
The Oxford Classification of Stroke [15] was used to clas-
sify ischemic strokes according to subtype. In the current 
study, the independent variables (i.e., the potential pre-
dictors) were defined as age, female sex, LOS, fear of fall-
ing, NIHSS, diabetes mellitus and ischemic heart disease.

Assessment of health‑related quality of life at 5 years 
after baseline
Those who were still alive in August 2020 (4 to 6  years 
following their inclusion in the FallsGOT) were mailed 
an invitation to participate in the current study, exclud-
ing individuals with unknown address and withdrawn 
consent. Non-responders received a postal reminder 
after one month. The participants were asked to provide 
their current health state, i.e., HRQoL (the dependent 
variable), in the EQ-5D-3L for five different dimensions 
of health; Mobility, Self-Care, Usual Activities (e.g., work, 
household chores, family and leisure activities), Pain/
Discomfort and Anxiety/Depression by using one of 
three response categories. Level 1 (1) indicates no prob-
lems, level 2 (2) indicates moderate problems and level 3 
(3) indicates severe problems. Accordingly, based on the 
five dimensions with the three response categories each, 
a total of 243 unique health profiles can potentially be 
described. A health profile of 11111 indicates no prob-
lems on any of the dimensions, while a health profile of 
33333 indicates severe problems on all the dimensions. 
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EQ-5D-3L also includes a visual analogue scale (EQ-
VAS), in which the participant approximates her/his cur-
rent state of health on a graded scale anchored at 0 (the 
worst imaginable state of health) and 100 (the best imagi-
nable state of health). The EQ-5D-3L has previously been 
found to be a valid and reliable tool for the assessment of 
HRQoL in individuals suffering mild to moderate func-
tional limitations due to stroke and to have a reasonable 
responsiveness in functional status following stroke [16].

Statistical analyses
Descriptive data on participant characteristics and data 
derived from the EQ-5D-3L questionnaire and the EQ-
VAS were presented as means with standard deviations 
(SDs) and medians and inter-quartile ranges (IQRs, more 
specifically Q1 and Q3) as appropriate and summarized 
using number and percent per each response category. 
Each health profile was converted into a corresponding 
EQ-5D-3L value index by using the Swedish Time Trade 
Off data set based on pooled data from 49,169 individuals 
collected in 2004 and 2006 from the general population 
in Skåne and Stockholm counties, Sweden [17].

Univariate logistic regression analyses were used to 
assess the association between the five dependent vari-
ables, i.e., the five dimensions in the EQ-5D-3L: Mobil-
ity, Self-Care, Usual Activities, Pain/Discomfort and 
Anxiety/Depression, and the independent variables: age, 
female sex, LOS, fear of falling, NIHSS, diabetes mel-
litus and ischemic heart disease at index stroke. The 
EQ-5D-3L results were dichotomized, as is considered 
conventional [18], with the proportion of participants 
who had any problem (moderate or severe, i.e., level 2 
or 3) or no problem reported (i.e., level 1). Spearman´s 
rank correlation analyses were used to examine any pres-
ence of multicollinearity between the statistically sig-
nificant independent variables. Correlation coefficients 
of ≥ 0.7 were considered as multicollinear [19]. Variables 
that were statistically significantly (p-value < 0.1) associ-
ated with reporting problems in an EQ-5D-3L dimension 
in the univariate analysis were entered into a multivari-
ate logistic regression analysis for this specific EQ-5D-3L 
dimension. Goodness-of-fit was tested using the Homer-
Lemeshow test, where a non-significant value indicates a 
good fit of the data against the model. All models were 
then evaluated using the Cox & Snell and Nagelkerke 
Pseudo-R2 values. The models’ discriminatory ability was 
assessed by plotting a receiver operating characteristic 
(ROC) curve, and an area under the curve (AUC) was 
reported. The AUC takes a value between 0 and 1, where 
0 indicates zero accuracy and 1 indicates perfect accu-
racy. An AUC of 0.7 to 0.8 was considered acceptable, 0.8 
to 0.9 was considered excellent and more than 0.9 was 
considered outstanding [20].

Results were presented as odds ratios (ORs), 95% confi-
dence intervals (CIs) and p-values. The statistical signifi-
cance level in the final multivariate analyses was set as a 
two-sided p-value at < 0.05. All statistical analyses were 
performed using the Statistical Package for the Social 
Sciences (SPSS, IBM Corp. Released 2021. SPSS Statistics 
for Windows, Version 27.0. Armonk, NY: IBM Corp).

Results
Of the 305 stroke survivors invited to the follow-up, the 
EQ-5D-3L questionnaire was responded by 129 (42.3%) 
(123 with cerebral infarction, six with intracerebral hem-
orrhage, and none with subarachnoid hemorrhage). 
Among these participants, 127 completed the EQ-5D-3L 
and 109 completed the EQ-VAS scale. Figure 1 outlines 
the flow-chart from the inclusion.

Sample characteristics
The median (IQR) and min–max time for the follow-up 
was 58 (52–63) and 49–70  months after index stroke. 
Clinical characteristics of the participants and non-
participants at baseline and EQ-5D-3L index value set 

Fig. 1 Flow‑chart
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(score) and EQ-VAS at 5-year follow-up are presented in 
Table  1. Most study participants were men (55.8%) and 
one in three were not physically active prior the stroke. 
The most common subtype was a posterior circulation 
stroke. At baseline, non-participants were slightly older, 
had more severe stroke, they were more commonly on 
antidepressant medication and one out of every four 
were current smokers.

The mean (SD) EQ-5D-3L index was 0.82 (± 0.14). The 
median (IQR) EQ-5D-3L index was 0.87 (0.71–0.93) with 
a range between 0.43 and 0.97. For women and men, the 
median EQ-5D-3L index score was 0.87 (IQR 0.71–0.94) 
and 0.85 (IQR 0.76–0.93), respectively.

The median EQ-VAS for women and men, respectively, 
was 75 (IQR 50–89) and 70 (IQR 47.5–80). The mean 
(SD) EQ-VAS reported for all the participants was 63.8 
(± 22.4). A total of 27 participants (20.9%), 13 women and 
14 men, reported a health profile of 11111, i.e., “perfect” 
health status. None of the participants reported a health 
profile of 33333, i.e., “worst possible” health status.

Age at baseline ranged between 41 and 91  years. The 
mean (SD) age of the participants at the follow-up, when 
completed the EQ-5D-3L questionnaire, was 75.6 (± 10.4) 
years (not shown in table).

Outcome data
A summary of the EQ-5D-3L data in terms of num-
bers and frequencies of reported problems by level 
and dimension for the 129 participants is presented in 
Table 2. The most frequently reported issues were related 
to the dimension Pain/Discomfort, affecting two-thirds 
of the participants, and the dimensions Mobility and 
Anxiety/Depression, reported by more than half of the 
population, respectively. Having severe problems was 
especially reported (by every tenth participant) related 
to the dimension Usual-Activities, closely followed by the 
dimension Pain/Discomfort.

In the univariate logistic regression analysis, shown in 
Table  3, four of the independent variables (age, female 
sex, LOS and ischemic heart disease) were associated 
with reporting problems in one or more dimensions of 
the EQ-5D-3L. Since only one of the potential predictors 
associated with the dimension Pain/Discomfort and none 
of the potential predictors associated with the dimen-
sion Anxiety/Depression, multivariate logistic regression 
analyses, shown in Table 4, were only performed for the 
other three of the five EQ-5D-3L dimensions. Higher 
age and longer LOS were statistically significant predic-
tors of impaired HRQoL related to the dimension Mobil-
ity in the multivariate model. Higher age and longer LOS 
were also associated with impaired HRQoL related to 
Self-Care, while only LOS was found to be a significant 
predictor of impaired HRQoL related to the multivariate 

model for Usual-Activities. The multivariate model for 
Self-Care showed acceptable discriminatory power.

Discussion
In this observational 5-year follow-up study, four out 
of five participants were classified as having impaired 
HRQoL. The median EQ-5D-3L index score was 0.87 
and the median EQ-VAS was 70. According to the EQ-
5D-3L dimension Mobility, more than half of the stroke 
survivors were classified as having impaired HRQoL, and 
more than two thirds reported impaired HRQoL accord-
ing to the EQ-5D-3L dimension Pain/Discomfort. For 
the dimensions Mobility and Self-Care, a lower HRQoL 
was associated with a higher age, and for the dimensions 
Mobility, Self-Care and Usual Activities, with a longer 
care time. Our hypothesis that higher age and longer LOS 
were predictors of HRQoL was confirmed. There was no 
association between HRQoL and female sex, fear of fall-
ing, higher stroke severity, diabetes mellitus or ischemic 
heart disease.

The mean EQ-VAS in our study was similar to the 
results from one prior study [21] of 328 stroke survi-
vors with cerebral infarction at least 6  months after 
stroke onset, with a reported mean EQ-VAS of 66 (SD 
21). However, compared to a sample of 2,870 individu-
als from the general population in Stockholm [22] with 
a mean age lower than 50 years and a mean rating scale 
score (the equivalent of EQ-VAS on a scale from 0 to 1.0) 
of 0.85, it was lower.

Our mean EQ-5D-3L index was higher than the 
0.73 (SD 0.27) reported in a prior study [7] of 207 Brit-
ish stroke survivors at 60  months after a minor stroke 
(defined as a NIHSS score of 0–3). The British study 
consisted of younger subjects (mean age of 67.7  years) 
and had a lower proportion of women (37%). In fact, the 
mean EQ-5D-3L index in our study was just below what 
was found in the Swedish general population [22]. In a 
public health survey [22] of 3,069 citizens (20–88  years 
old) in Stockholm county, where 45.6% rated “perfect 
health” (i.e. had a health profile of 11111), the mean EQ-
5D-3L index was 0.84.

Based on prior studies [7], HRQoL is indeed expected 
to be lower in stroke survivors than comparable controls 
at 5 years after stroke. However, HRQoL in stroke survi-
vors has been reported to vary across different nations 
[23], independent of stroke severity, and such variations 
might partly explain the difference found.

The high proportion of stroke survivors who reported 
problems related to Pain/Discomfort using the EQ-
5D-3L, which in our study was the most prevalent condi-
tion reported, follows the same pattern as in a Swedish 
public health survey [22]; Pain/Discomfort-related 
problems appear to be common among elderly people, 
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regardless of whether they had a previous stroke or not. 
Furthermore, mild stroke survivors are known to experi-
ence long-term fatigue and anxiety [24] with potentially 
debilitating effects on long-term mobility, possibly con-
tributing to our finding of reported problems related to 
Mobility, despite generally low NIHSS scores at baseline.

The association found between HRQoL and age and 
LOS is consistent with prior research [4, 5]. Longer in-
patient stay is often related to more severe disease and 
might reflect the occurrence of complications like pneu-
monia or other infections. In a general Swedish popula-
tion [22], women report worse health status than men. 
However, previous research has shown inconsistent evi-
dence that female sex is a predictor of worse HRQoL in 
stroke survivors [25]. Proposed reasons for the occur-
rence of such a link have been that females are suffering 
stroke at older ages and that females are suffering worse 
physical impairment following a stroke [26]. Data from 
the current study suggest that female sex is not associ-
ated with impaired HRQoL several years after a stroke. 
On the contrary, there was a tendency of women scoring 
higher than men according to both EQ-5D-3L index and 
EQ-VAS.

The optimal goal of rehabilitation could be assumed to 
be a good HRQoL. A clinical implication based on the 
findings from the current study is that long-term follow-
ups of individuals at risk of impaired HRQoL are impor-
tant in order to, if possible, optimize long-term HRQoL.

The strengths of the current study include the con-
secutive inclusion at index stroke and the long follow-up 
time. However, our results should be understood within 
the context of their limitations. First, the large number of 
non-respondents reduced the population size and hence 
the power of the statistical analyses. It was expected that 
a proportion had died several years after a stroke. How-
ever, the fact that 58% of those who were eligible did 
not respond might have caused a selection bias, which 
could have influenced the validity of our findings. It is 
unclear why 20 participants did not answer the EQ-VAS 
scale completely. The high level of non-participants and 

missing data raises some concerns about bias. The non-
participants were older, had more severe strokes and 
comorbidities which could have influenced their deci-
sion to participate. Secondly, since the patients requir-
ing thrombolysis and thrombectomy were not included 
in this study, our findings are unlikely to be generalized 
to those patients who have received these treatments. 
Thirdly, the median NIHSS score at index stroke for the 
current population was on average low, indicating mild 
strokes. It was slightly lower than in the original cohort 
of 504 patients, who had a median NIHSS of 2 [8] and 
compared to Swedish national data [27], which reported 
a median NIHSS of 3. Furthermore, there was a rela-
tively high proportion of posterior circulation syndrome 
(POCS) (35.8%), as classified using the Oxford Classifi-
cation of Stroke, in comparison with prior research [28]. 
The existence of an association between HRQoL and 
subtype of stroke is possible; one prior study showed an 
association between reduced quality of life and a total 
anterior circulation stroke [29]. Based on those findings 
[29], despite using a different measure of quality of life, 
and the proportion of POCS in the current study, bias 
may exist. If such bias exists, it may account for underre-
porting of impaired HRQoL. There may also have been a 
selection at baseline that excluded the most severe cases 
of stroke from the original study due to lack of informed 
consent, and a selection of people with more mild strokes 
who participated in the follow-up. Therefore, the find-
ings of this study cannot be generalized or valid to peo-
ple other than people with mild strokes and living in the 
Western world. In addition, given the low proportion of 
hemorrhagic strokes, the results may not be generaliz-
able to hemorrhagic strokes. Other independent vari-
ables could have been used as potential predictors. None 
of the selected variables associated with the dimension 
Anxiety/Depression.

This study provides insight into HRQoL and its risk 
factors, which could have implications for the plan-
ning of stroke rehabilitation. Future studies are sug-
gested to direct their attention on possible benefits of 

Table 2 Summary of the EQ‑5D‑3L data as numbers and frequencies of reported problems by each level and dimension, for the 129 
participants

Abbreviations: EQ-5D-3L EuroQol 5 Dimensions 3 Levels

EQ‑5D‑3L Response category Mobility Self‑Care Usual Activites Pain/Discomfort Anxiety/Depression

N = 127 N = 127 N = 129 N = 127 N = 129

N (%) N (%) N (%) N (%) N (%)

Level 1, no problem 60 (47.2) 110 (86.6) 87 (67.5) 40 (31.5) 64 (49.6)

Level 2, moderate problems 61 (48.0) 10 (7.9) 29 (22.5) 75 (59.1) 58 (45.0)

Level 3, severe problems 6 (4.7) 7 (5.5) 13 (10.1) 12 (9.4) 7 (5.4)

Level 2 or 3, moderate or severe problems 67 (52.8) 17 (13.4) 42 (32.6) 87 (68.5) 65 (50.4)
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implementing identified risk factors of impaired HRQoL 
in individualized rehabilitation plans.

Conclusion
At 5  years after stroke, four out of five participants 
(79.1%) reported impaired HRQoL, mostly related to 
Pain/Discomfort. Higher age and longer hospital care 
period at index stroke were associated with impaired 
HRQoL related to the EQ-5D-3L dimensions Mobility, 
Self-Care and Usual Activities. The findings could assist 
to identify individuals at high risk of low HRQoL, who 
might benefit from special attention and psychological 
support.
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