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ABSTRACT

Introduction: Obesity is associated with fatigue
in many diseases, but the correlation between
obesity and poststroke fatigue (PSF) is unclear.
The study aimed to investigate the relationship
between body mass index (BMI) and the
occurrence of and recovery from PSF.
Methods: Within 3 days of the onset of
ischemic stroke, patients were consecutively
recruited. We assessed PSF at admission and at

6, 12, and 24 months with the Fatigue Severity
Scale (FSS). Multivariable logistic regression and
restricted cubic spline function were used to
explore the relationships between baseline BMI
and the risk of PSF at different time points. The
correlation between baseline BMI and the
dynamic changes in the natural logarithm
transformation of the FSS (lnFSS) score during
the follow-up period was analyzed by the
piecewise linear mixed-effects model.
Results: A total of 1026 stroke patients were
included. Multivariable analyses indicated that
obesity was associated with a decreased risk of
early PSF (fatigue diagnosed at baseline) [odds
ratio (OR) 0.61, 95% confidence interval (CI)
0.41–0.93] but an increased risk of late PSF (fa-
tigue diagnosed 6 months after the index
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stroke) (OR 1.63, 95% CI 1.06–2.50 for
6 months; OR 1.87, 95% CI 1.18–2.96 for
12 months; OR 2.11, 95% CI 1.28–3.49 for
24 months). Longitudinal analyses indicated
that in the late stage of fatigue, the higher the
BMI category, the slower the rate of decrease
was for the FSS score.
Conclusion: Obese patients are less likely to
develop fatigue in the acute stage of ischemic
stroke. However, they are more prone to late
fatigue and exhibit a slower decline in the FSS
score in the long term.

Keywords: Body mass index; Obesity; Fatigue
Severity Scale; Poststroke fatigue

Key Summary Points

Poststroke fatigue (PSF) is a common
debilitating symptom that commonly
occurs after ischemic stroke and adversely
affects the prognosis of stroke.

Obesity is associated with fatigue in many
different diseases, but the correlation
between obesity and PSF has not been well
studied.

Obese patients are less likely to develop
fatigue in the acute stage of ischemic
stroke; however, they are more prone to
late fatigue and exhibit a slower decline in
the severity of fatigue.

The correlation between body mass index
categories and the risk of PSF or the
dynamic changes in the Fatigue Severity
Scale score were not completely consistent
among the different sex subgroups.

INTRODUCTION

Poststroke fatigue (PSF) is a common debilitat-
ing symptom that commonly occurs after
ischemic stroke, with a reported prevalence
ranging from 23 to 85% worldwide [1]. PSF may
persist for a long time and negatively affect

physical activity [2], functional outcomes [3],
social activities [4], and quality of life [5] in
stroke survivors. Preventing and managing
fatigue is critical for stroke survivors, families,
and even society. However, there is currently no
effective treatment, in part due to our lack of
understanding of its mechanisms and associ-
ated risk factors. There is increasing evidence of
associations between PSF and cognitive impair-
ment, affective disorders, residual disability,
and even biological factors [6, 7]. However,
most of these associations are controversial
[8, 9]. Thus, well-designed studies with large
cohorts need to be conducted to further expand
our understanding of PSF.

Obesity has become a global public health
concern, and it directly or indirectly accounts
for a large portion of health-related costs [10].
Overweight and obesity were not only impor-
tant risk factors for stroke, but also related to
disability and stroke-related quality of life [11].
In several studies, obesity has been associated
with motor fatigue [12], cancer-related fatigue
[13–15], chronic fatigue syndrome [16], and
fatigue in patients with systemic lupus erythe-
matosus (SLE) [17] and inflammatory bowel
diseases [18]. Considering that obesity has been
associated with fatigue caused by multiple
chronic diseases, we hypothesized that obesity
may also be associated with stroke-induced
fatigue. However, the link between obesity and
PSF has not been thoroughly investigated [19].
Exploring the association between obesity and
PSF may be helpful to deepen our understand-
ing of the risk factors for PSF and provide pre-
liminary information for alleviating fatigue
symptoms through weight control, as weight is
a potentially modifiable factor.

This study is based on a prospective cohort.
Our aim was to investigate the relationship
between body mass index (BMI) and the risk of
PSF as well as determine whether the relation-
ship varies by sex [20, 21]. In addition, the
course of PSF and severity of fatigue fluctuate
[22], and the effect of BMI on PSF may also be
different in different courses. Therefore, the
relationship between baseline BMI and the
dynamic changes in the severity of PSF during a
24-month follow-up period was also
investigated.
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METHODS

Study Design and Patients

This study is a longitudinal, observational
cohort conducted in a large-scale general hos-
pital in China to explore the potential predic-
tors for PSF. The inclusion criteria have been
reported elsewhere [23]. In brief, patients C

18 years old who were diagnosed with acute
ischemic stroke according to the ICD-11 within
3 days of onset were consecutively recruited
from October 2015 to May 2017. The exclusion
criteria were as follows: (1) consciousness dis-
orders, severe aphasia, and hearing or visual
loss; (2) cognitive impairment defined as a
Mini-Mental State Examination (MMSE) score
B 10, diagnosed by an experienced physician or
nurse, or assessed as having inadequate under-
standing of all the scales used in the study; (3) a
history of neurological or psychiatric diseases
that cause fatigue (e.g., malignancies, SLE,
Parkinson’s disease, or multiple sclerosis); (4)
consumption of any medication that
may cause psychological and emo-
tional changes (including antiepileptic drugs,
glucocorticoids, nonsteroidal anti-inflamma-
tory drugs, and antidepressant drugs); (5) the
presence of depression or fatigue before the
index stroke. Pre-stroke depression was defined
as a history of diagnosed depression, use of
antidepressants before the index stroke, or a
medical record of depression [24, 25]. Patients
who reported fatigue lasting C 3 months before
the index stroke were classified as having pre-
stroke fatigue [26].

Standard Protocol Approvals,
Registrations, and Patient Consent

Ethics approval was obtained from the Ethics
Committee on Human Experimentation of Jin-
ling Hospital (Nanjing, China) (approval num-
ber: 2010NLY-018). Informed consent was
obtained from all participants. This study was
performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.

Baseline Assessments

For all the patients enrolled, detailed baseline
information was collected from the initial
interview. All clinical data, related medical his-
tories, neurological functional deficit scale
[National Institutes of Health Stroke Scale
(NIHSS) score], and the etiology of ischemic
stroke [Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) criteria] were collected
within 24 h of admission by experienced neu-
rologists (J.W. and Y.L.). The NIHSS score is a
widely used neurological deficit grading exam-
ination, including the level of consciousness,
eye movements, visual fields, facial palsy, motor
and sensory impairments, ataxia, language,
dysarthria, and neglect [27]. The TOAST criteria
include five categories: large artery atheroscle-
rosis, small artery occlusion, cardioembolism,
stroke of other determined etiology, and stroke
of undetermined etiology [28]. Since BMI is the
most pragmatic measure of obesity, which is
not only easy to measure in clinical practice,
but also conducive to patients’ self-monitoring,
we used BMI as the classification standard of
overweight and obesity. BMI was determined
using standardized height and weight mea-
surements (equipment manufacturer: Wuxi
Weigher Factory Co., Ltd., model: RGZ-120-RT)
and calculated as [weight in kg]/[height in m]2.
BMI was modeled alternatively as a continuous
or categorical variable [\ 24 = underweight
(UW) and normal weight (NW); 24–-
27.9 = overweight; C 28 = obesity], as sug-
gested for Chinese adults by the Cooperative
Meta-analysis Group of China Obesity Task
Force in 2002 [29].

The methods used to record neuropsycho-
logical data are published elsewhere [23]. In
brief, the Chinese version of the 24-item
Hamilton Depression Scale (HAMD-24), 14-item
Hamilton Anxiety Scale (HAMA-14), and the
Lubben Social Network Scale (LSNS) were
administered by researchers who underwent the
same training to evaluate the symptoms of
depression, anxiety, and interpersonal commu-
nication, respectively [30–32].
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Outcomes

The score of the 9-item Fatigue Severity Scale
(FSS), which is the most commonly used fatigue
scale, was used as the outcome measure for all
patients enrolled [33]. The FSS is a valid and
reliable 7-point Likert scale used for assessing
and quantifying fatigue in obese patients, with
scores ranging from 1 (strongly disagree) to 7
(strongly agree) [34]. A higher score indicates
more severe fatigue. The Chinese version of the
FSS has been used and validated in the Asian
population [35]. In accordance with previous
studies, we defined fatigue as an average FSS
score C 4 [36]. Fatigue diagnosed within
6 months of the index stroke was defined as
early fatigue, and fatigue diagnosed 6 months
and later was defined as late fatigue [23].

The baseline FSS score was recorded within
24 h of admission. The patients were re-evalu-
ated for fatigue by telephone or face-to-face
questionnaires at 6, 12, and 24 months after the
index stroke. If a patient had another stroke
during the follow-up period, he or she was no
longer followed up.

Statistical Analysis

All analyses were conducted by using Stata 14.1
and SAS 9.4.

Descriptive analyses were performed to
examine the characteristics of patients at base-
line. Continuous variables are presented as the
means [standard deviations (SDs)] or medians
(interquartile ranges), and categorical variables
are presented as numbers (proportions). The
continuous variables and categorical variables
were compared by one-way analysis of variance
(ANOVA), Wilcoxon rank sum test, and Pear-
son’s chi-square test, as appropriate.

For the cross-sectional analyses of associa-
tions between BMI and PSF, multivariable
logistic regression models for all patients and
patients in different sex subgroups were con-
ducted. In addition to the quantitative rela-
tionships between BMI and PSF, we also used
restricted cubic splines with 4 knots (at the 5th,
35th, 65th, and 95th percentiles) to explore the
nonlinear relationships between BMI and the

risk of PSF. A BMI of 22.5 kg/m2 has been widely
used as the midpoint of the range of normal
body weight and was used as the reference point
for all subjects (all patients or the patients in
different sex subgroups) [37].

For the longitudinal analysis, we used
piecewise linear mixed-effects models with
random intercepts and slopes to model the
relationship between baseline BMI and the FSS
score during the 24 months of follow-up.
Grand-mean centering was conducted for con-
tinuous covariates without meaningful 0 values,
which may provide advantages for interpreting
the results. Since the FSS score is highly skewed,
the natural logarithm transformation is applied
(lnFSS). According to previous studies, the
course of PSF can be divided into early fatigue
and late fatigue periods, with 6 months being
used as the cutoff point [23]. Thus, in the
piecewise regression model, we set the break-
point to be 6 months. For all models, we iden-
tified the unstructured covariance model to be
the best-fit model on the basis of the Akaike
information criteria (AIC) [38].

All statistical analyses were conducted with
adjustments for the baseline variables: age, sex,
hypertension, diabetes mellitus, coronary heart
disease, smoking, history of stroke or transient
ischemic attack (TIA), baseline NIHSS score, the
TOAST criteria, and HAMA, HAMD, and LSNS
scores.

Availability of Data and Material

The datasets used and/or analyzed during the
current study are available from the corre-
sponding author on reasonable request.

RESULTS

Of the 1280 subjects who were screened, 1144
met the aforementioned eligibility criteria and
1026 were eventually prospectively included in
the study. Among these patients, 935, 896, and
874 were followed up for 6, 12, and 24 months,
respectively. Details on the missing FSS data
during the follow-up period can be found in the
Appendix (Supplementary Figs. S1 and S2).
During the 2-year follow-up period, 77 patients
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failed to complete at least one follow-up. The
NIHSS score of these patients was slightly
higher than for those with follow-up (Supple-
mentary Table S1).

Cross-Sectional Analyses

According to BMI, patients were stratified into
three groups: UW & NW, overweight, and obe-
sity. Univariate analysis indicated that there
were significant differences in terms of sex
(p = 0.038), presence of hypertension
(p\ 0.001), presence of diabetes mellitus
(p = 0.001), baseline NIHSS score (p = 0.028),
HAMA score (p = 0.006), and HAMD score
(p = 0.013) among the three BMI categories. At
baseline, the prevalence of PSF was 41.8%. With
the extension of follow-up time, the prevalence
of PSF gradually decreased (36.0% for 6 months,
29.8% for 12 months, and 23.8% for
24 months). Univariate analysis showed that
the prevalence of PSF decreased with the
increase of BMI at baseline, but increased with
the increase of BMI during follow-up (Table 1).

Multivariable logistic regression indicated
that, at baseline, after the model was adjusted
for potential confounders, the proportion of
obese patients with PSF was significantly lower
than that of UW & NW patients with PSF [odds
ratio (OR) 0.61, 95% confidence interval (CI)
0.41–0.93, Table 2 and Fig. 1]. However, during
the follow-up period, the proportion of obese
patients with PSF was significantly higher than
that of UW & NW patients with PSF at 6, 12,
and 24 months (OR 1.63, 95% CI 1.06–2.50 for
6 months; OR 1.87, 95% CI 1.18–2.96 for
12 months; OR 2.11, 95% CI 1.28–3.49 for
24 months). Furthermore, at 12 and 24 months,
patients in the overweight category were also
significantly more prone to developing PSF than
were those in the UW & NW category (OR 1.50,
95% CI 1.07–2.11 for 12 months and OR 1.63,
95% CI 1.11–2.40 for 24 months) (Fig. 1 and
Supplementary Table S2).

In the subgroup analysis, the proportion of
obese female patients with PSF was found to be
significantly lower than that of UW & NW
female patients with PSF at baseline, but this
relationship was not observed in males (Table 2

and Supplementary Figure S3). Additional mul-
tivariable-adjusted restricted cubic spline
regression analyses showed an inverted
U-shaped association between BMI and the
odds of developing PSF in female patients (p for
nonlinearity = 0.001) but a nearly negative lin-
ear relationship (p for nonlinearity = 0.744) in
males at baseline (Fig. 2).

During the follow-up period, the proportion
of obese male patients with PSF was signifi-
cantly higher than that of the UW & NW male
patients with PSF; however, the correlation was
not significant in females, regardless of the time
point (Supplementary Table S2 and Fig. S3).
There were no significant nonlinear relation-
ships between baseline BMI and the proportion
of patients with PSF at 6, 12, or 24 months
among all patients or the patients in different
sex subgroups (Supplementary Fig. S4).

Longitudinal Analyses

The overall average initial lnFSS score estimated
by the model was 1.054 points (inter-
cept = 1.054, p\0.001). The average monthly
rate of change in the lnFSS score within the first
6 months was –0.005 (slope1 = - 0.005,
p = 0.001) and that within the next 18 months
was –0.019 (slope2 = - 0.019, p\ 0.001). The
variance estimates of the random intercept (in-
tercept = 0.278, p\0.001) and random slope of
the time variables (slope1 = 0.007, p\ 0.001;
slope2\0.001, p\ 0.001) were statistically
significant, indicating that the initial score and
the rate of change in the lnFSS score over time
differed significantly among the subjects (Sup-
plementary Table S3).

The initial lnFSS score in the obese group was
lower than that in the UW & NW category (es-
timate difference = - 0.114, p = 0.026, Table 3
and Fig. 3), but there was no significant differ-
ence between the overweight and UW & NW
categories (p = 0.109, Table 3 and Fig. 3). After
background variables were controlled for, the
results of the fixed-effects analysis showed that
within the first 6 months, the lnFSS score
decreased by 0.018 points per month (esti-
mate = - 0.018, p\ 0.001, Table 3) in the UW
& NW category (reference), decreased by 0.003
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Table 1 Baseline characteristics of study participants (N = 1026)

Total BMI categories p value

UW & NW
(N = 416)

Overweight
(N = 463)

Obesity
(N = 147)

Age, mean ± SD, years 61.0 ± 12.8 61.3 ± 13.6 61.2 ± 12.2 59.3 ± 12.7 0.224

Female, n (%) 328 (32.0) 140 (33.7) 131 (28.3) 57 (38.8) 0.038

Hypertension, n (%) 760 (74.1) 275 (66.1) 357 (77.1) 128 (87.1) \ 0.001

Diabetes mellitus, n (%) 341 (33.2) 113 (27.2) 180 (38.9) 48 (32.7) 0.001

Coronary heart disease, n (%) 74 (7.2) 33 (7.9) 28 (6.0) 13 (8.8) 0.397

Smoking, n (%) 348 (33.9) 131 (31.5) 170 (36.7) 47 (32.0) 0.228

Previous stroke or TIA, n (%) 279 (27.2) 106 (25.5) 129 (27.9) 44 (29.9) 0.528

Baseline NIHSS score, median

(IQR)

2.0 (1.0–6.0) 3.0 (1.0–6.0) 2.0 (0–6.0) 2.0 (1.0–5.0) 0.028

TOAST classification, n (%) 0.145

LAA 407 (39.7) 158 (38.0) 194 (41.9) 55 (37.4)

SAD 408 (39.8) 168 (40.4) 180 (38.9) 60 (40.8)

CE 112 (10.9) 48 (11.5) 41 (8.9) 23 (15.6)

Others 40 (3.9) 13 (3.1) 24 (5.2) 3 (2.0)

Undetermined 59 (5.8) 29 (7.0) 24 (5.2) 6 (4.1)

HAMA score, median (IQR) 3.0 (0–6.0) 2.0 (1.0–5.0) 3.0 (0–8.0) 4.0 (1.0–10.0) 0.006

HAMD score, median (IQR) 4.0 (1.0–9.0) 4.0 (1.0–9.0) 4.0 (1.0–8.0) 5.0 (2.0–12.0) 0.013

LSNS, median (IQR) 32.0

(22.0–39.0)

32.0 (19.0–39.0) 31.0 (21.0–38.0) 33.0

(26.0–39.0)

0.352

PSF at baseline, n (%),

(N = 1026)

429 (41.8) 187 (45.0) 188 (40.6) 54 (36.7) 0.172

PSF at 6 months, n (%),

(N = 935)

337 (36.0) 115 (31.4) 162 (37.6) 60 (43.5) 0.028

PSF at 12 months, n (%),

(N = 896)

267 (29.8) 85 (23.9) 133 (32.4) 49 (37.4) 0.005

PSF at 24 months, n (%),

(N = 874)

208 (23.8) 62 (17.7) 105 (26.5) 41 (32.3) 0.001

BMI body mass index; UW underweight; NW normal weight; SD standard deviation; TIA transient ischemic attack;
NIHSS National Institutes of Health Stroke Scale; IQR interquartile range; TOAST Trial of ORG 10172 in Acute Stroke
Treatment; LAA large artery atherosclerosis; SAD small artery occlusion; CE cardioembolism; HAMA Hamilton Anxiety
Scale; HAMD Hamilton Depression Scale; LSNS Lubben Social Network Scale; PSF poststroke fatigue
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points per month in the overweight category
(estimate = - 0.018 ? 0.015), and increased by
0.027 points per month in the obese category
(estimate = - 0.018 ? 0.045). The first slopes of
the overweight and obese categories were sig-
nificantly higher than that of the UW & NW
category (p = 0.012 for overweight; p\0.001
for obesity, Table 3). Similar results were
observed with the unadjusted model (Supple-
mentary Table S4A). There was also a significant
difference in slope2 among the BMI categories:

the higher the BMI category, the flatter slope2
was (Table 3 and Fig. 3).

In the female subgroup, there was no sig-
nificant difference in the slope between the
overweight and UW & NW categories at all
times (p = 0.145 for slope1; p = 0.402 for slope2,
Supplementary Table S5A and Fig. S5A). How-
ever, in the male subgroup, the BMI category
affected the overall slope. Specifically, com-
pared with the UW & NW category, the over-
weight and obese categories had significantly

Table 2 Cross-sectional associations between BMI and PSF at baseline

Univariate model Multivariate modela

OR 95%CI p value OR 95%CI p value

In all patients enrolled

BMI 0.95 0.91–0.99 0.012 0.94 0.91–0.98 0.007

BMI categorized as

UW & NW (\ 24) Reference Reference Reference Reference Reference Reference

Overweight (24–27.9) 0.84 0.64–1.10 0.193 0.81 0.61–1.07 0.138

Obesity (C 28) 0.71 0.48–1.05 0.084 0.61 0.41–0.93 0.020

In females (N = 328)

BMI 0.93 0.87–0.99 0.027 0.93 0.87–1.01 0.080

BMI categorized as

UW & NW (\ 24) Reference Reference Reference Reference Reference Reference

Overweight (24–27.9) 0.82 0.51–1.32 0.404 1.02 0.57–1.79 0.959

Obesity (C 28) 0.45 0.23–0.87 0.017 0.40 0.18–0.84 0.022

In males (N = 698)

BMI 0.96 0.92–1.01 0.150 0.95 0.90–1.00 0.041

BMI categorized as

UW & NW (\ 24) Reference Reference Reference Reference Reference Reference

Overweight (24–27.9) 0.86 0.62–1.19 0.362 0.77 0.54–1.08 0.128

Obesity (C 28) 0.92 0.57–1.49 0.738 0.75 0.45–1.26 0.283

BMI body mass index; PSF poststroke fatigue; UW underweight; NW normal weight; OR odds ratio; CI confidence interval
a All models adjusted for age, sex, hypertension, diabetes mellitus, coronary heart disease, smoking, previous stroke or
transient ischemic attack (TIA), baseline National Institutes of Health Stroke Scale (NIHSS) score, Trial of ORG 10172 in
Acute Stroke Treatment (TOAST) classification, Hamilton Anxiety Scale (HAMA) score, Hamilton Depression Scale
(HAMD) score, and Lubben Social Network Scale (LSNS) score
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numerically larger slopes (Supplementary
Table S5B and Fig. S5B).

DISCUSSION

This prospective cohort of 1026 stroke patients
demonstrated that (1) compared with UW &
NW patients, obese patients were less likely to
have early PSF but were more prone to devel-
oping late PSF; (2) the FSS score declined at a
slower speed in overweight and obese patients
than in UW & NW patients 6 months and later
after ischemic stroke; and (3) the correlation
between BMI categories and the risk of PSF or
the dynamic changes in the FSS score were not
completely consistent among the different sex
subgroups.

In this study, 41.8% (429/1026) of the
patients developed fatigue in the acute phase of
ischemic stroke, which is within the reported
prevalence of PSF [1]. The prevalence of PSF
varies widely depending on the individuals
recruited, the time at which fatigue is assessed,

and the diagnostic methods used [39]. At the
6-month follow-up, the incidence of PSF
decreased to 36.0% (337/935) and continued to
decline over the next 18 months (29.8% for
12 months and 23.8% for 24 months), which is
consistent with the findings in previous studies
that reported a decreasing frequency of PSF over
time [39, 40]. In contrast, in some studies, fati-
gue remained stable or elevated [41, 42], possi-
bly because of differences in the study
population and time points at which fatigue
was measured.

Fig. 1 Cross-sectional associations between BMI and PSF at four time points. BMI body mass index; PSF poststroke
fatigue; OR odds ratio

cFig. 2 Nonlinear relationship between BMI and PSF at
baseline. The nonlinear relationships between BMI and
PSF in (A) all patients enrolled, (B) the female subgroup,
and (C) male subgroup were modeled by restricted cubic
splines. The dotted lines indicate the 95% confidence
intervals of the nonlinear solid line. x axis: continuous
BMI in kg/m2. y axis: odds ratio (OR) for the estimated
PSF. Reference point: 22.5 kg/m2. BMI body mass index;
PSF poststroke fatigue; OR odds ratio
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Our study found that obese patients are less
likely to suffer from early fatigue after ischemic
stroke, which is contrary to the conventional
understanding and findings reported in previ-
ous fatigue-related studies in patients with
chronic diseases or healthy controls [13, 43, 44].
However, consistent with our results, Mutai
et al. also reported that in patients with acute
stroke, BMI is negatively associated with

reduced motivation immediately after acute
stroke, which was one of the five dimensions of
the multidimensional fatigue inventory (MFI)
[19]. A possible explanation is that acute stroke
produces nutritional challenge, with increased
metabolic catabolism due to physiological
stress, and reduced caloric intake associated
with dysphagia and disability [11]. Stroke
patients with high BMI have greater metabolic

Table 3 Piecewise linear mixed-effects model of the relationship between baseline BMI and lnFSS score during the
24 months of follow-up in all patients enrolled (adjusted model)

Estimate SE p value

Fixed effect

Intercept 0.984 0.067 \ 0.001

BMI

UW & NW Reference Reference Reference

Overweight - 0.058 0.036 0.109

Obesity - 0.114 0.051 0.026

Slope1 (time1) - 0.018 0.004 \ 0.001

Slope1 * BMI

Slope1 * UW & NW Reference Reference Reference

Slope1 * overweight 0.015 0.006 0.012

Slope1 * obesity 0.045 0.008 \ 0.001

Slope2 (time2) - 0.022 0.001 \ 0.001

Slope2 * BMI

Slope2 * UW & NW Reference Reference Reference

Slope2 * overweight 0.004 0.001 0.002

Slope2 * obesity 0.012 0.002 \ 0.001

Variance componenta

Intercept 0.262 0.012 \ 0.001

Slope1 (time1) 0.007 \ 0.001 \ 0.001

Slope2 (time2) \ 0.001 \ 0.001 \ 0.001

BMI body mass index; FSS Fatigue Severity Scale; lnFSS score natural logarithm transformed FSS score; UW underweight;
NW normal weight; SE standard error
a One-tailed test. Adjusted for age, sex, hypertension, diabetes mellitus, coronary heart disease, smoking, previous stroke or
transient ischemic attack (TIA), baseline National Institutes of Health Stroke Scale (NIHSS) score, Trial of ORG 10172 in
Acute Stroke Treatment (TOAST) classification, Hamilton Anxiety Scale (HAMA) score, Hamilton Depression Scale
(HAMD) score, and Lubben Social Network Scale (LSNS) score
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reserve, which may be better able to withstand
the nutritional damage [45, 46] to maintain the
stability of physiological and psychological
state. At baseline, UW & NW patients had
higher NIHSS scores, reflecting greater neuro-
logical deficits. Previous studies have reported
that the nature of stroke itself may be a more
important determinant of early fatigue than late
fatigue [22]. This might be also one of the rea-
sons why UW & NW patients are more likely to
have early fatigue.

In contrast to the baseline scenario, the FSS
score declines more slowly in overweight and
obese patients than in UW & NW patients
during the follow-up period. In our study,
overweight and obese patients had higher
baseline HAMD and HAMA scores. Obese
patients are more prone to late fatigue after
ischemic stroke, which may reflect the impor-
tance of psychological factors in determining
late fatigue [22]. This might also be partly
explained by the fact that obesity is usually
accompanied by more medical comorbidities,
exercise disorders, or even cognitive decline,
which is likely to lead to the slow recovery of
fatigue during a long-term recovery period after
ischemic stroke [8, 9, 47, 48]. In addition,
overweight and obese patients are more likely to
have diabetes mellitus, which increases the risk

of late-onset post-stroke depression (PSD) [49].
In view of the high comorbidity of depression
and fatigue, late-onset PSD could also affect the
recovery of fatigue to a certain extent.

The relationship between BMI and the risk of
PSF differed between the sex subgroups. At
baseline, an inverted U-shaped curve between
BMI and early PSF risk was shown in female
patients but not in male patients. During the
follow-up period, male but not female obese
patients were prone to developing late PSF. The
limited literature in this field makes it difficult
to postulate the nature of our findings. The
possible explanation of gender heterogeneity
remains unclear. The effect of discrepancy of
hormone secretion on fatigue outcome remains
to be systematically investigated.

Although our study is a large sample
prospective study with a long follow-up period,
it has all the typical limitations inherent in any
single-center prospective analysis. First and
most importantly, BMI was measured only once
at baseline. We did not assess BMI at the follow-
ups, mostly because the purpose of this study
was to determine whether baseline BMI can be
used to predict PSF risk and FSS dynamics;
moreover, there is inevitable bias in self-re-
ported weight change determined via telephone
interviews. Additionally, according to previous
studies, patients with non-severe stroke are less
likely to experience changes in weight [50], and
the NIHSS scores of the patients included in this
study were low. Hence, the correlation between
weight changes and the risk of PSF was not
considered. Second, BMI is the most pragmatic
measure of obesity and is easy to measure in
clinical practice, but it cannot distinguish
between fat and muscle mass. Therefore, indi-
cators such as the waist circumference, waist-to-
hip ratio, and body fat mass need to be included
in future studies. Third, participants completed
face-to-face or telephone questionnaires during
three follow-up times. Different data collection
methods may affect the results. Fourth, partici-
pation in physical activity and rehabilitation
may also have an impact on the degree of fati-
gue of patients, which needs to be evaluated in
subsequent studies. Finally, patients with com-
munication difficulties and severe cognitive
impairment were excluded because of the need

Fig. 3 lnFSS score changes after stroke onset for the three
BMI categories during the 24 months of follow-up. The
solid line shows the change in the lnFSS score for each
BMI category estimated by the piecewise linear mixed-
effects model (red for UW & NW; blue for overweight;
orange for obesity). FSS Fatigue Severity Scale; lnFSS score
natural logarithm transformed FSS score; BMI body mass
index; UW underweight; NW normal weight
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to complete multiple neuropsychological scales,
and the baseline NIHSS score of patients inclu-
ded in the study was relatively low. Thus, the
results of this study cannot be extended to all
ischemic stroke populations.

CONCLUSIONS

Our study suggested that obese patients are less
likely to develop fatigue in the acute stage of
ischemic stroke. However, they are more prone
to developing late fatigue and have a slower
decline in the FSS score in the long term.
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