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Objective: To explore trajectories that describe 
change in post-stroke health-related quality of life 
with fatigue as outcome. 
Design: Observational and prospective study. 
Subjects: Stroke survivors (N = 144) with predomi-
nantly mild or moderate strokes.
Methods: The multidimensional Stroke-Specific 
Quality of Life scale was used at 1 and 4 years, and 
the Fatigue Severity Scale at 4 years post-stroke. 
Latent class growth analyses were used as per-
son-oriented analyses to identify meaningful tra-
jectories. Socio-demographic and stroke-related 
covariables provided customary adjustment of the 
outcome, as well as prediction of class membership.
Results: The latent class growth analysis models 
were estimated for “physical health”, “visual-
language”, and “cognitive-social-mental” compo-
nents of the Stroke-Specific Quality of Life scale, 
which extracted trajectories describing a variation 
in stable, deteriorating and improving functional 
patterns. The stable, well-functioning trajectory 
was most frequent across all components. More 
pronounced fatigue was associated with trajecto-
ries describing worse functioning, which was more 
prominent among females compared with males. 
Living alone implied more fatigue in the “cognitive-
social-mental” component. Within the “visual-lang-
uage” components’ trajectories, younger and older 
participants reported more fatigue compared with 
middle-aged participants.
Conclusion: Most participants belonged to the sta-
ble, well-functioning trajectories, which showed a 
consistently lower level of fatigue compared with 
the other trajectories.

LAY ABSTRACT
The long-term consequences of stroke may be highly 
individual and multifaceted. The question of how such 
individual differences may unfold and change beyond 
the first year after stroke may be of substantial clinical 
interest regarding which subgroups show more favoura-
ble and unfavourable rehabilitation trajectories. The cur-
rent study explored functional trajectories from 1 to 4 
years post-stroke and their association with post-stroke 
fatigue. A total of 144 individuals with mainly mild or 
moderate strokes were included. Their functions were 
measured with the Stroke-Specific Quality of Life scale 
at 1 and 4 years post-stroke, and fatigue with the Fati-
gue Severity Scale 4 years post-stroke. The study found 
that the majority of subjects belonged to the trajectories 
described as stable, well-functioning from 1 to 4 years 
post-stroke. Participants who experienced less fatigue 
were those who had the highest and most stable fun-
ction throughout the recovery course.
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Individuals with stroke report poorer health and 
function than the general population (1, 2), and 

physical (3), cognitive (4), and emotional (5) health 
consequences are common. Social reintegration may be 
affected (6), as well as reduced health-related quality 
of life (HRQoL) (7, 8). The individual differences in 
how these health consequences may unfold during the 
rehabilitation period and beyond the first year may 
be of substantial clinical interest for understanding 
long-term favourable and unfavourable rehabilitation 
trajectories.

Few studies have examined sub-groupings of indi-
vidual differences in long-term change patterns within 
the rehabilitation area. No studies have examined it 
specifically for the multidimensional Stroke-Specific 
Quality of Life (SS-QOL) scale (9), a stroke-specific 
HRQoL instrument that covers multiple functional 
domains (i.e. physical, social, emotional, mental, and 
linguistic functioning) (10, 11). Studies of HRQoL tra-
jectories after stroke (12–14), subarachnoid haemorr-
hage (15), or traumatic brain injury (16), have extracted 
3–4 trajectories, of which the more favourable recovery 
trajectories have constituted from 50% to 80–90% of 
the sample. Higher age and lower education were asso-
ciated with poorer trajectories in 1 study (12), but not 
in the other studies. Regarding stroke-related factors, 
more pronounced baseline stroke severity, disability 



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

tio
n 

M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

tio
n 

M
ed

ic
in

e

S. G. Pedersen et al. "Changes in function and persistent post-stroke fatigue" p. 2 of 11

(14, 15), and comorbidity (12, 14), have been related 
to poorer trajectories. 

Post-stroke fatigue (PSF) is a pervasive symptom 
that may persist for several years after the stroke (11, 
17). However, evidence is lacking in how fatigue may 
be expressed differently within subgroups characteri-
zing various functional HRQoL trajectories, such as 
stability, improvement, or deterioration. PSF has been 
regarded as a negative factor for the rehabilitation and 
recovery process following stroke (17, 18), and most 
stroke survivors consider fatigue as the worst symptom 
to manage (19). 

The current study aimed to describe post-stroke out-
comes by using latent class growth analysis (LCGA) 
modelling techniques to uncover how individuals 
cluster together and form distinct patterns, or latent 
classes, which describe long-term functional changes. 
In contrast to conventional variable-centred methods, 
such as regression analyses, that fit the same parameter 
for all participants, mixture models, such as LCGA, 
search for response patterns that are shared within 
the latent classes or subsets of the data, but which 
are qualitatively different between the classes (20); 
hence, the labelling person-oriented analyses. LCGA 
thus enables empirical identification of sub-group pat-
terns describing various levels of stability and change. 
This study therefore applied LCGA to determine the 
number of distinct functional trajectories, and what 
these trajectories might imply in terms of PSF at 
4-year follow-up. As previous studies of PSF point to 
demographic, comorbidity, and stroke-related factors 
as relevant covariables (21–23) these were included in 
the analysis to explore if they could predict the latent 
class trajectories.

The aims of this study were to: (i) explore the number 
of trajectories that may account for changes in SS-QOL 
scores from 1 to 4 years post-stroke; (ii) characterize 
these trajectories and their prevalence; (iii) understand 
the trajectories’ effects in terms of PSF at 4-year 
follow-up and examine if the included covariables are 
related to the extracted trajectories.

METHODS

Design

The study is an observational prospective study with fatigue data 
collected at 4 years post-stroke, and functional data collected 
at 1 and 4 years post-stroke. The study is registered as NCT 
03639259 in ClinicalTrials.gov.

Participants

Recruitment of participants was from the Norwegian arm of the 
study “Rehabilitation, function, and quality of life after stroke in 
North Norway and Central Denmark – the NorDenStroke study” 
(7, 8). Persons with verified cerebral stroke were recruited from 

1 of 3 stroke units at the University Hospital of North Norway 
(UNN HF), between March 2014 and December 2015 (7). 
Persons with stroke related to brain malignancy, subarachnoid 
haemorrhage, or brain trauma were excluded. 

Included stroke survivors fulfilled the inclusion criteria of 
the National Norwegian Stroke Register, defined clinically 
according to the World Health Organization’s (WHO’s) defini-
tion as acute ischaemic or haemorrhagic stroke (I.63 and I.61, 
respectively) in individuals aged 18 years or above (Internatio-
nal Classification of Diseases – 10th edition). For the current 
study, stroke survivors who had completed questionnaires in the 
NorDenStroke study 1 year post-stroke were included (n = 217). 
A drop-out analysis compared the 149 participants with the 68 
stroke survivors who did not respond, or consent, to the fatigue 
follow-up study when invited to participate 4 years post-stroke. 
The participants who did not respond, or consent, (n = 68) were 
significantly older (p = 0.001) than the participants who agreed 
to the fatigue follow-up study (n = 149) (mean age = 72 (stan-
dard deviation (SD) = 10.7) vs 67 (SD = 11.0) years). However, 
the groups did not differ in sex, stroke type or stroke severity. 
A flowchart following the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE) criteria is 
shown in Fig. 1. 

Data collection procedures at 4-year follow-up

A health professional informed eligible participants about the 
study and asked for written consent. After new written con-
sent was obtained, questionnaires were sent by post. In case 
of missing data in the questionnaires, participants received a 
follow-up telephone call and were encouraged to answer any 

Fig. 1. Study flowchart.

J Rehabil Med 56, 2024
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missing questions. Five participants were unable to complete the 
questionnaires due to declining health and were consequently 
excluded. 

Variables

Information on stroke-related factors and medical information 
had previously been collected from the National Norwegian 
Stroke Register, or the participant’s medical files. At baseline, 
data on age, sex, stroke subtype, and stroke severity were obtai-
ned from the National Norwegian Stroke Registry. Information 
on marital status (married/cohabiting or single), and work status 
(working/studying) were obtained from questionnaires 1 year 
post-stroke. Information on comorbidity was collected from the 
medical files 4 years post-stroke.

The Norwegian version (24) of the Fatigue Severity Scale 
(FSS) (25) was used to measure fatigue 4 years post-stroke. 
The FSS has been used widely to assess fatigue in population-
based stroke research (26), and has shown excellent internal 
consistency (Cronbach’s alpha = 0.92), and good test-retest 
reliability (intraclass correlation coefficient = 0.742) (27). The 
FSS questionnaire encompasses 9 items investigating fatigue in 
daily life across domains of: daily activity, social participation, 
sleep, and motivation. The items of the FSS are graded on a 
7-point Likert scale (higher scores indicating more fatigue), 
ranging from 1 (no problem) to 7 (a significant problem). Based 
on all 9 items, a global average score is calculated (24). A cut-
off score of ≥ 5 is recommended for defining severe fatigue (24). 

Functional-related consequences were collected with the 
Norwegian version of the SS-QOL scale (9) at 2 time-points: 1 
year and 4 years post-stroke. The SS-QOL is a multidimensio-
nal stroke-specific HRQoL instrument, which predominantly 
assesses the functional impact of stroke. The scale consists of 
49 items across 12 domains: mobility, energy, upper extremity 
function, work and productivity, mood, self-care, social roles, 
family roles, vision, language, thinking, and personality. Each 
domain is measured by 3–6 items using a 5-point (1–5) Likert 
scale, where higher scores indicate better function. An average 
index score for each domain allows for comparison between 
domains and is useful for identifying specific capacities affected 
by stroke (9). Previous studies have extracted components of 
the SS-QOL scale with principal component analysis (7, 28). 
Several studies have documented the reliability of the SS-QOL 
domains and overall scores, confirming an acceptable internal 
consistency of the domains (9, 10, 29). The test-retest reliability 
coefficient has been documented as generally good (Spearman’s 
rho = 0.65–0.99) (10, 29).

Statistical analyses

The analyses were conducted in SPSS Statistics (version 28) and 
Mplus (version 8) (30). Descriptive data are described as me-
ans/medians, SDs, and interquartile range (IQR). Significance 
testing of differences between simple means and categorical 
frequencies was conducted using t-tests and χ2 tests (or Fisher’s 
exact for small N). A principal component analysis (PCA) of 
the 12 SS-QOL subscale scores was conducted to identify fewer 
overarching domain scores that could adequately represent all 
12 subscales and be used in the subsequent latent class analyses. 
Principal components with eigenvalues > 1 were extracted. The 

item-factor correlation tables were promax rotated (kappa = 4) 
to allow for component correlations as SS-QOL subscale scores 
are correlated. 

Repeated health data may be analysed using latent class 
growth techniques for describing developmental change over 
a time period (31). The relative standing of an individual at 
each time-point may be modelled as a mathematical function 
of an underlying growth process describing the process via 2 
latent variables: “the intercept”, describing participants’ initial 
status, and “the slope”, describing their rate of change across 
time. Their mean parameters describe the mean initial status and 
mean rate of change, whereas the variance parameter describes 
the distribution around these 2 means. To overcome the classical 
limitation of fitting each participant to the same growth process, 
a latent class model is put on top of the growth model to allow 
for separate growth parameters, i.e. intercepts and slopes, within 
each latent class, thus estimating the resulting latent trajectories 
as homogeneously as possible for the subjects within a class, 
and as different as possible from trajectories belonging to other 
classes. A latent class threshold parameter is added for the 
estimation of the proportion of participants belonging to the 
various classes. The growth variance parameters are usually 
fixed to zero across all classes in LCGA for model identifica-
tion purposes. However, the current study allowed for a com-
mon/single intercept variance, as it did not cause convergence 
problems, improved model fit substantially, and accounted for 
individual differences around the intercept more realistically. 
Fig. 2 shows the conceptual model. 

Beyond the extraction of an optimum number of latent clas-
ses, distal outcome variables of clinical interest may be added 
to the model to understand what the “effects” of belonging to 
a particular class might be. Covariables are usually added to 
provide customary adjustment of the outcome, but with the 
additional advantage of predicting latent class membership. 
Neighbouring classes of low sample sizes were combined to 
improve the statistical sensitivity by constraining the predictive 
parameters as equal. In the current study, fatigue was added as 
an outcome, whereas sex, age, cohabitation and work status 
(as demographics), stroke characteristics (stroke type and 
severity) and comorbidity as stroke-related covariables. These 
covariables were also used for predicting class membership. 
For parsimonious reasons, covariables that did not contribute 
significantly (p < 0.05) either for adjustment or class prediction, 
were removed.

The full-information maximum likelihood method with 
robust errors (MLR) was used to estimate the log-likelihood 
function. In deciding the appropriate number of latent classes, 
we primarily consulted the Bayesian Information Criterion 
(BIC) (32) and the Bootstrapped Likelihood Ratio test (BLRT) 
(33). The BIC is a deviance index that is adjusted for sample 
size and model complexity. The BLRT uses random bootstraps 
in the estimation of whether a k-class model fits significantly 
better than the k-1 class (simpler) model. Entropy is a precision 
index that indicates how well the case classifications work on 
a scale from 0 (poor) to 1 (perfect). Simulation studies suggest 
that the BIC and BLRT perform best in deciding the number 
of classes or profiles to extract (34). In addition, we factored 
in interpretability (differentiation of the classes) and model 
parsimoniousness.

J Rehabil Med 56, 2024
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RESULTS 

Description of the sample
A total of 144 stroke survivors with complete ques-
tionnaire data (SS-QOL and FSS) 1 and 4 years post-
stroke were included as participants in the study. Table 
I shows the demographic and stroke characteristics 
of the participants. Most of the participants (n = 130, 
90%) had an ischaemic stroke, and mild stroke impair-
ment (n = 91, 63%) measured with the Scandinavian 
Stroke Scale at baseline. Females were significantly 
associated with fatigue (p ≤ 0.001). The mean age at 
the time of stroke onset was 67.3 years; however, age 
was not significantly associated with fatigue. Neither 
was comorbidity that included heart disease (n = 74), 
cancer (n = 23), intestinal disease (n = 3), metabolic 
disease (n = 6), migraine (n = 5), epilepsy (n = 6), 
and rheumatism (n = 9). Working participants and 
those living with a significant other 1-year post-stroke 
reported significantly less fatigue at follow-up than 
non-working participants (p = 0.022) and those who 
were unmarried or had no cohabitant (p = 0.003).

Principal component analysis of the Stroke-Specific 
Quality of Life
The PCA extracted 3 components (eigenvalue (λ) > 1). 
The first (λ = 6.71) and the second (λ = 1.81) represented 
a cognitive-social-mental (CSM) functioning compo-
nent (i.e. social roles, mood, personality, energy, family 
roles, and thinking; loadings = 0.91, 0.91, 0.86, 0.79, 
0.78 and 0.62), and physical health (PH) functioning 
component (self-care, mobility, upper extremity fun-
ction and work/productivity; loadings = 0.98, 0.93, 0.91 
and 0.82), respectively. The third (λ = 1.01) represented 
a visual-language (VL) functioning component (vision 
and language; loadings = 0.92 and 0.74). See Fig. 3 
illustrating SS-QOL with domains and components. 

Latent class growth analyses and class descriptions
LCGA were based on summed SS-QOL domain scores 
according to the PCA and rescaled to a 0–100 range. 
LCGA models were examined for the PH, the VL, and 
the CSM components. An increasing number of latent 
classes, or trajectories, were extracted until model fit 
stopped improving or the estimation was unsuccessful 
(Table SI).

Physical health trajectories
We extracted 6 PH trajectories since the 7-class model 
was defined by a single case and the improvement in 

Fig. 2. The Conceptual Latent Class Growth Analysis Model. SS-QOL: 
Stroke-Specific Quality of Life; yr: year; T1: Time 1; T2: Time 2 Table I. Demographic and stroke characteristics of participants

Total
N = 144 (100%)

Baseline
 � Age at time of injury, years, mean (SD) 67.3 (10.9)
  Age, years, n (%)
  18–55
  56–74
  >75

22 (15)
86 (60)
36 (25)

 Sex, n (%)
  Female 
  Male

52 (36)
92 (64)

 Stroke type, n (%)
  Ischaemic 
  Haemorrhagic

130 (90)
14 (10)

 � Scandinavian Stroke Scale (SSS), median [IQR] 47 [14]
 SSS impairment, n (%)
 � Very severe (0–14), severe (15–29) and moderate 

(30–44) 
  Mild (45–58)

53 (37)

91 (63)
Variables 1-year post-stroke
 Marital and living status, n (%)
  Married/cohabitant
  Widowed/single/living alone

106 (74)
38 (26)

 Work status, n (%) 
  Working
  Retired/sick-leave/unemployed

21 (15)
123 (85)

Variables 4 years post-stroke
 Fatigue severity, n (%)
  FSS <5
  FSS ≥5

93 (65)
51 (35)

 Comorbidity, n (%)
  No comorbidity
  One condition
  Multimorbidity (2 or more conditions)

53 (37)
63 (44)
28 (19)

IQR: interquartile range; SD: standard deviation; FSS: Fatigue Severity Scale.

J Rehabil Med 56, 2024
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BIC decreased markedly after 6 classes. See Fig. 4 
for the mean scores of the 6 trajectories. Despite a 
heterogeneous composition of trajectories, most parti-
cipants (class #1, ~74%) had a stable and high level of 
physical functioning. The second trajectory (#2, ~11% 

participants) exhibited a somewhat lower 
yet relatively well-off level of functioning, 
which significantly declined 3 years later 
(Mchange = –11.5, p < 0.001). The remaining 
participants belonged to trajectories charac-
terized by stability, but of lower functional 
levels (#3, #5, #6). A minor group (#4, 3.5% 
participants) manifested a marked functio-
nal decline (Mchange = –30.8, p < 0.001).

Visual and language trajectories 
The 5-class solution was preferred since 
the extraction of further trajectories was 
not feasible due to a local maxima (i.e. the 
model was not replicable most probable 
due to insufficient data heterogeneity). 
The stable and best-functioning trajectory 
(#1) represented almost 4-fifths of the par-
ticipants with a very precise estimation as 
all individual data clustered very closely 
around the trajectory mean, hence prohi-
biting any further meaningful breakup of 

this class. The remaining trajectories thus represented 
few participant cases that also prohibited any further 
breakup. The trajectory means are shown in Fig. 
5. The second-best trajectory (#2, 9%) had a lower 
initial score compared with the majority trajectory, 

Fig. 3.  Illustration of the Stroke-Specific Quality of Life (SS-QOL) scale with extracted 
components.

Fig. 4. Latent trajectories for the Stroke-Specific Quality of Life (SS-QOL) Physical Health Component (with 99% confidence intervals). #Trajectory 
number. yr: year.

J Rehabil Med 56, 2024
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Fig. 5. Latent trajectories for the Stroke-Specific Quality of Life (SS-QOL) Visual-Language Component (with 99% confidence intervals). #Trajectory 
number.

Fig. 6. Latent trajectories for the Stroke-Specific Quality of Life (SS-QOL) Cognitive-Social-Mental Component (with 99% confidence intervals). 
#Trajectory number. yr: year.

J Rehabil Med 56, 2024
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but evidenced a minor but significant improvement at 
follow-up (Mchange = 5.3, p = 0.008). Participants in the 
2 next trajectories evidenced mean scores indicative of 
improvement (#3, ~6%; Mchange = 9.8, p = 0.01) vs dete-
rioration (#4, ~4%; Mchange = –26.3, p < 0.001), whereas 
the trajectory with the lowest SS-QOL scores (#5) had 
a stable level of functioning.

Cognitive-social-mental trajectories
For the CSM component, model fit stopped improving 
after specifying 7 classes. The largest trajectory (#1), 
characterizing stable and very high-functioning parti-
cipants (~49%), had a lower prevalence compared with 
the best PH trajectory. Among the stable trajectories, 2 
participant classes represented mediocre (#5, ~13%) 
and lower (#6, ~4%) functional levels. Two other tra-
jectories represented improvement classes, 1 labelled 
as a recovery class (#2, ~13%; Mchange = 14.8, p < 0.001) 
by regaining approximately the same functional level 
as the majority class, while another trajectory eviden-
ced substantial improvements from a lower level (#3, 
~4%; Mchange = 36.4, p < 0.001). Two other trajectories 
represented participants showing worsening (#4, ~14%; 
Mchange=–24.5, p < 0.001) and marked deterioration in 
functioning (#7, ~3%; Mchange = –73.3, p < 0.001) (Fig. 6).

Fatigue as a distal outcome (including adjustment 
and class predictions)
Fatigue was added as a “distal outcome” together with 
covariables for adjusting the fatigue score as well as 
predicting trajectory memberships. In all 3 outcome 
analyses, the first (and best functioning) trajectory 
represented participants with the lowest fatigue score 
compared with all other trajectories (Table II). For 
the SS-QOL PH component, the first trajectory had 
significantly lower fatigue scores (p < 0.01) than all 
other trajectories except trajectory #5 in this com-
ponent. For the SS-QOL VL component, differences 
were less pronounced, with only trajectory #4 being 
significantly higher on fatigue scores (p < 0.01) than all 
other trajectories. For the SS-QOL CSM component, 
the first trajectory (#1) was significantly better than 
trajectories #3–6, whereas the second trajectory (#2) in 
the CSM component was better than trajectory #3–5. 
The low number of participants in the poorer trajecto-
ries is probably the number one reason for the lack of 
significance despite worse fatigue scores.

The covariate effects (irrespective of class member-
ship) showed significantly lower fatigue scores among 
males across all 3 SS-QOL components compared 
with females, but with more uncertainty regarding 

Table II. Mean adjusted fatigue scores per Stroke-Specific Quality of Life (SS-QOL) component score with latent trajectory predictors

SS-QOL 
Physical Health

#1 (106)
Stable, well-functioning

#2 (16)
Worsening

#3 (5)
Slightly improving

#4 (5)
Deterioration

#5 (7)
Stable mediocre

#6 (4)
Stable poor

Fatigue M SE 3.59 0.16 5.25 0.31 5.35 0.23 5.51 0.46 4.14 0.69 5.95 0.63
diff a b b b a, b b

Fatigue adj Trajectory predictors (OR 95% CI.)
 Covariates beta se #1 #2 #3–6
  Male –0.99*** 0.29 ref 0.64 0.22–1.89 0.36* 0.14–0.96
  Severe stroke –0.14 0.28 ref 3.69* 1.21–11.24 1.88 0.67–4.75

SS-QOL 
Visual-Language

#1 (114)
Stable, well-functioning

#2 (13)
Approaching recovery

#3 (8)
Improving

#4 (6)
Deterioration

#5 (3)
Mediocre

Fatigue M SE 3.74 0.16 4.54 0.36 4.57 0.48 6.37 0.56 4.87 0.80
diff a a a b a, b

Fatigue adj Trajectory predictors (OR.95% CI)
 Covariates beta se #1 #2 #3–5
  Male –0.78** 0.31 ref 0.34 0.09–1.26 0.42 0.14–1.29
 � Age 18–55 years 1.01** 0.41 ref 1.51 0.24–9.38 0.53 0.10–2.69
 � Age >75 years 0.67* 0.31 ref 1.39 0.28–6.89 0.78 0.17–3.69
 � Age 56–75 years ref
  Living alone 0.64* 0.31 ref 0.83 0.17–4.17 0.48 0.10–2.31
  Working –0.73* 0.36 ref 3.73 0.64–21.88 1.38 0.27–6.98
 � Severe stroke 0.16 0.28 ref 0.28 0.05–1.66 2.97* 1.05–8.45
  Haemorrhage –0.07 0.42 ref 5.43* 1.06–27.85 2.26 0.59–8.62

SS-QOL 
Cognitive-
Social-Mental

#1 (70)
Stable, well-
functioning

#2 (19)
Recovery

#3 (6)
Improving

#4 (20)
Worsening

#5 (19)
Stable mediocre

#6 (6)
Stable poor

#7 (4)
Deterioration

Fatigue M SE 3.04 0.19 3.67 0.34 5.18 0.60 5.37 0.20 5.54 0.34 5.02 0.67 4.51 0.73
diff a a, b b, c c c b, c a, b, c

Fatigue adj Trajectory predictors (OR.95% CI)
 Covariates beta se #1 #2–3 #4 and 7 #5–6
  Male –0.56* 0.26 ref 0.68 0.22–2.13 0.32* 0.12–0.88 0.22** 0.08–0.64
  Living alone 0.76** 0.28 ref 2.43 0.80–7.37 1.16 0.38–3.57 0.59 0.16–2.24

Notes. beta se: beta coefficient and standard error (in subscript) with asterisk indicating significance; * p<0.05; **  p<0.01; ***  p<0.001; Fatigue M SE: 
Trajectory specific mean fatigue score with standard error (in subscript); diff: Mean fatigue scores between latent trajectories with different subscript letters are 
significantly different at p < .01; Fatigue adj: Overall mean fatigue score adjusted for covariables; Trajectory predictors: Multinomial regression coefficients for 
the covariate prediction of trajectory membership.
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the CSM component (p < 0.05) than for the PH and 
VL components (p < 0.001 and p < 0.01, respectively). 
Living alone implied more fatigue in the CSM compo-
nent compared with cohabitation (p < 0.01), whereas 
younger participants (55 years or below, p < 0.01) and 
older participants (above age 75 years, p < 0.05) repor-
ted more fatigue in the VL component compared with 
middle old age (56–75 years age span).

The multinomial logistic regression analyses with 
class membership as a nominal dependent variable 
had to combine participants belonging to the poorer 
functioning classes due to the low number of parti-
cipants in these classes (see Table II). Overall, few 
predictors contributed significantly to the prediction 
of the trajectories. Sex was, however, a significant pre-
dictor (p < 0.01) of class membership within the CSM 
component, indicating lower odds for males of belong-
ing to poorer functioning trajectories compared with 
females. In addition, severe stroke, and haemorrhage 
predicted membership in the poorer trajectories of the 
SS-QOL PH and VL components, but as the uncertainty 
of these effects was higher (p < 0.05), we refer to Table 
II without interpreting these effects further.

DISCUSSION

The current study contributes new knowledge regar-
ding stroke-specific HRQoL trajectories from 1 to 4 
years post-stroke and the presence of fatigue in the 
functional trajectories. The study included persons 
with predominantly mild or moderate stroke. Changes 
in functional status were measured with the SSQoL 
scale, which could be effectively reduced to 3 overall 
functional component scores according to a principal 
component analysis: physical health, visual-language, 
and the cognitive-social-mental functional components. 

Functional trajectories
In concordance with previous research on HRQoL tra-
jectories post-stroke, the latent class analyses based on 
the SS-QOL components showed a heterogeneous pat-
tern of trajectories describing stability, deterioration, 
and improvement across time (12, 14). The analyses 
revealed that the majority displayed a stable trajectory 
characterized by a high level of function during the 
entire follow-up period. Furthermore, most participants 
shared a quite homogeneous pattern of stable high 
functioning in the VL and the PH components. The 
finding of a predominantly high functioning and sta-
ble class should be highlighted as positive, giving the 
long-term follow-up of 4 years in this study. Although 
the initial stroke severity was predominantly mild or 
moderate, the population was also ageing, which might 
cause physical or cognitive deterioration (35). More-

over, 63% of the participants had comorbidity, which 
previously showed significant positive associations 
with physical dependence and cognitive impairment 
(36). Hence, comorbidity or multimorbidity could be 
a negative determinant for deteriorating trajectories, 
but this was not clearly evident in the current analyses. 

In the current study ~74% had a stable and high 
level of physical function. Similar results (65% with 
stable high physical functioning) were found in a 
study assessing trajectories up to 1-year post-stroke 
(14). However, this study excluded subjects that had 
comorbidity that could interfere with study outcomes, 
whereas the current study did not apply these exclusion 
criteria. Nevertheless, the current study had a 10% 
higher rate of stable high physical function among the 
participants. Although the literature is scarce concer-
ning person-oriented analysis beyond 1 year, others 
have investigated changes in physical factors based 
on mean scores. For example, a disease-overarching 
study (37) found a general improvement in function 3 
years after rehabilitation. The change in functioning 
was measured with the generic Medical Outcome 
Study Short Form (SF-36). When dividing the disease 
groups, the neurological group had a decrease in the 
physical component scores after 1 year, but an increase 
after 3 years. This underscores the importance of 
investigating the long-term consequences of stroke, as 
measures of functions may differ according to the time 
of measurement. As suggested by Berget et al., persons 
with neurological conditions may need more time to 
achieve stable improvement (37). Another study by 
van de Port et al. (38) showed a gradual deterioration 
in mobility status during the follow-up period of 3 
years after stroke, with deterioration in mobility in 
21% of the participants and an improvement in 7%. 
The above-mentioned studies did not, however, employ 
latent class growth analysis/cluster-based techniques. 

The CSM component, addressing cognitive, social, 
and mental functioning, also had a large trajectory 
characterizing stable and very high-functioning indi-
viduals’ post-stroke (~49%). However, the largest 
CSM trajectory had a lower prevalence compared with 
both the PH and the VL component’s best trajectories, 
which indicates more heterogeneity in the CSM change 
processes across time. The current study finding is 
comparable to another study (14) that found 45% at a 
stable high psychosocial HRQoL trajectory in the SS-
QOL-12 at 1-year post-stroke. In the current study, the 
CSM component had the highest variation of different 
trajectories and was also the only model that showed 
a group with a near full-recovery trajectory (~13%), 
as well as a smaller improving trajectory (~4%). This 
finding contradicts arguments that functional reco-
very and HRQoL reach a plateau within 3–6 months 
after stroke onset (14). On the contrary, the results of 
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long-term recovery and improving trajectories indicate 
possibilities for further adjustments and positive chan-
ges beyond 6 months. As discussed by Mierlo et al., 
psychosocial adaptation is a continuous process that 
may stretch over a longer period, and individuals may 
stabilize on adjusted expectations to recovery (14).

Fatigue and covariables
Not unexpectedly, the highest functioning trajectories 
in all 3 components of the SS-QOL represented partici-
pants with the lowest fatigue score compared with all 
other trajectories. PSF has previously been associated 
with both physical and mental functional impairments, 
which may contribute to differences in post-stroke re-
habilitation needs, as the group is heterogeneous both 
in sample composition and the management of their 
functional impairments (17, 22, 23). PSF and HRQoL 
have, in several studies, shown a negative correlation 
(11, 17), and psychosocial and behavioural factors 
might be important for both triggering and maintaining 
fatigue (23). In addition, self-perceived fatigue might 
be affected by homeostatic factors, such as impaired 
central regulation of physical activity, dependent on 
energetic and neural feedback (22). It is challenging to 
compare the current study findings with other studies, 
as we have not found previous studies investigating 
fatigue as an outcome predicted by both functional 
HRQoL trajectories and covariables. However, a study 
identifying trajectories of PSF over 18 months (23) 
identified 3 trajectories, characterized by different 
levels of fatigue: low (FSS <3), moderate (FSS 3–4), 
and high (FSS ≥ 5). In the current study, a total of 9 
trajectories within the PH, VL and CSM components 
had mean scores of fatigue above 5; however, the 
functional trajectories varied in terms of deterioration 
[4], improvement [2] or low stability [3] scores in the 
SS-QOL. These findings indicate that severe fatigue 
(FSS ≥ 5) may be present even if aspects of HRQoL 
are improving, and the relationship between HRQoL 
and PSF is therefore not essentially streamlined. As 
discussed by Kjeverud et al., the symptoms of fatigue 
might be due to specific physical or cognitive impair-
ments, psychological stress, inadequate coping styles, 
or combinations of these (23).

Similar results of higher fatigue among females than 
males have been reported (39), but not consistently 
(40). The multinomial logistic regression analyses in 
the current study found sex as a significant predictor 
of the trajectories in the CSM component, indicating 
better CSM function for males than for women. Com-
parisons with other studies are not available, but 1 
study reported an association between female sex and 
markedly improving QoL trajectories in general (12). 
Living alone also implied more fatigue in the CSM 

component, which might be an expression of less 
social support as well as more individual demands in 
practical daily tasks. Previous studies both support and 
dispute that PSF is more common among those living 
alone (40). Within the VL components’ trajectories, 
participants with younger and older ages reported 
more fatigue compared with middle-aged subjects. 
Visual problems are associated with more self-reported 
fatigue (11). Younger participants may experience 
more demands (e.g. work and family life), and may 
have higher expectations in their own overall everyday 
capacities compared with older individuals. Previous 
research is inconclusive regarding the association 
between age and fatigue, and a commonly debated 
question regarding this discrepancy is that the oldest 
individuals with stroke often are non-responders or not 
included in studies (40). 

Study strengths and limitations 
To our knowledge, the current study is one of very 
few to identify distinct long-term functional HRQoL 
changes and the presence of fatigue in the diverse 
trajectories, hence representing new knowledge that 
is of clinical importance for understanding post-stroke 
prospects. Questionnaires with a high completeness 
rate, combined with high-quality data from the national 
Norwegian Stroke Register, represent a strength of 
this study as the risk of information bias is minimized. 

Although the current study is decent in sample size 
for conventional regression analyses, it may be con-
sidered smaller for a latent class analysis as several of 
the identified classes were of minor size. This means 
that findings related to the small classes need to be 
interpreted with caution, and need replication, whereas 
the findings related to the majority classes may be 
considered sturdier.

A limitation of the current study is the possibility 
of a non-response bias as those who had more severe 
strokes were more likely to respond in the primary 
study that this study recruited from. Interpretations of 
results are therefore relevant for individuals with mild 
and moderate stroke, but extend less well to stroke 
survivors with more severe strokes. 

Conclusion
This study identified a variation of stable, deteriora-
ting and improving trajectories of function between 1 
year and 4 years post-stroke. Most of the participants 
belonged to a stable high-functioning trajectory, indica-
ting that most individuals with predominantly mild or 
moderate strokes are doing well in terms of functioning 
4 years post-stroke. Fatigue was more present in the 
deteriorating, mediocre, slightly improving, or stable 
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low functional trajectories, and men or those living 
with a significant other had lower odds of belonging to 
these trajectories. The results indicate that a noteworthy 
portion of individuals vary in function beyond the first 
year post-stroke. Furthermore, functional recovery 
and improved HRQoL are possible even long-term 
post-stroke, which may reduce the burden of fatigue.
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