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Background: Work-related psychosocial factors can affect cardiovascular health; however, their impact
on stroke prognosis among young employed workforce remains understudied. This longitudinal study
investigated the relationship of work stress, measured by the Demand-Control-Support model, with
changes in disability over a year among 103 Thai workers aged 20 to 59 who had a stroke.

Methods: The study evaluated job strain (combination of high demand and low control) and social
support before discharge at baseline. Disability status, using the Barthel index (BI) and modified Rankin
Scale (mRS), was measured at baseline, 6 months, and 12 months after discharge. Generalized esti-

Keywords: . . . . . . .
Dizability mating equations were used to test the hypothesis that job strain and social support at baseline would
Job strain have direct effects on disability throughout a year.

Results: The results showed that job strain was not significantly associated with disability (both BI and
mRS), while low social support was significantly associated with worse disability over a year, particu-
larly mRS (Coefficient 0.10; 95% CI: 0.0063, 0.20). The interaction between job strain and social support
was not significant.
Conclusion: These findings suggest the potential importance of social support in the recovery process
from stroke, particularly in the workplace. Given the rising global burden of stroke in working-age
adults, these findings underscore the crucial role of worksite health promotion for stroke management.
© 2026 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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Globally, stroke remains one of the leading causes of disability
and death, with increasing burdens in incidence, prevalence,
morbidity, and mortality [1]. Among the health consequences of
stroke, impaired physical function is one of the most prominent
and burdensome outcomes for survivors [2]. Stroke-related
disability-adjusted life years (DALYs), which combine years lived
with disability and years of life lost prematurely, have escalated to
143 million in 2019, representing a 32.4% increase since 1990 [3].
Although stroke is traditionally considered a disease of older
adults, its incidence has risen among individuals under 50 years of
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age, termed “young” adult stroke [4]. While the prognosis of young
stroke reflects lower mortality and higher functional recovery
outcomes compared to older populations [5], long-term disability
among the young stroke population remains a notable concern,
considering societal demands and longer life expectancy within
this age group [4]. Among working-age young stroke survivors, up
to one-third experience moderate to severe functional disability,
as well as psychosocial issues affecting return to work and work
modifications [6]. Evidence further suggests that the window of
the first-year post-stroke may shape long-term functional limita-
tions, as demonstrated by a 15-year follow-up study [7].

Risk factors for stroke include hypertension, hyperlipemia,
diabetes mellitus, smoking, and obesity [8]. Psychosocial work
environments have recently been linked to the development of
cardiovascular disease [9]. Karasek's Demand-Control model is a
widely-used framework for examining work stress and cardio-
vascular disease [10]. The model emphasizes the combination of
high psychological job demands and low job control, also termed
as ‘job strain’, which exerts negative effects on health [10,11]. In
1988, Jeffery Johnson expanded the model by incorporating the
social support dimension, forming the Job Demand-Control-
Support model [12]. Social support refers to an individual's
perceived support at work from supervisors and coworkers.
Accordingly, it is hypothesized that job strain and social support
may independently affect health, while social support could
moderate the effect of job strain on health. Several longitudinal
studies reported that job strain was associated with a high risk of
onset of the first stroke among initially healthy workers. For
instance, an 11-year follow-up study in Japan found over a two-
fold increase in the risk of stroke among men with job strain
[13]; another large study including 14 European cohorts with a
mean follow-up of 9.2 years revealed that job strain was associated
with 24% increased risk of ischemic stroke [14]. Regarding work-
place social support, one study from Sweden with an average 7.8-
year follow-up period suggested that low social support at work
was significantly associated with elevated risk of stroke by 80% in
women; however, job strain did not have a significant relationship
with stroke, and social support did not moderate the effect be-
tween job strain and stroke [15].

Despite substantial evidence linking psychosocial work factors
to stroke incidence, their role in stroke prognosis remains unclear.
To the best of our knowledge, no study has examined whether job
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strain is associated with post-stroke functional outcomes among
employed stroke survivors. Research in related cardiovascular
conditions suggests that work stress may influence disease pro-
gression. For example, studies from Sweden and Canada discov-
ered significant effects of job strain on the increased risk of
recurrent coronary heart disease events [16]. In a multi-cohort
study including three European cohorts, among workers with
diabetes, job strain was prospectively associated with work
disability in terms of sickness absence, whereas social support at
work did not show any effect on work disability [17]. Although
some pioneer research has initiated causal explorations of
disability after stroke over two decades ago, the workplace and its
contribution to post-stroke research are understudied [18]. Most
existing studies focused on older adults (>65 years) and non-
work-related psychosocial factors. Interestingly, in studies with
5-year follow-up, general psychological stress was not associated
with consequent disability status after stroke onset [19], whereas
social isolation was significantly associated with 40% higher risk of
recurrent events among patients with first-ever stroke [20]. Yet,
the contribution of psychosocial work factors, such as job strain
and workplace social support, to the stroke prognosis among
young individuals who are still engaged in employment is largely
unknown. To address this gap, we conducted a one-year longitu-
dinal study among workers who had experienced a stroke in
Thailand. Thailand has undergone rapid industrialization, and high
work stress has been identified as an emerging mental health
concern [21]. Work stress has been linked to increased morbidity
and mortality rates of stroke in the working-age group in the
country [22]. We aimed to provide preliminary research evidence
on longitudinal associations of a work stress measure by the Job
Demand-Control-Support model with disability changes over one
year after stroke onset. The conceptual framework that underpins
this study is depicted in Fig. 1.

2. Materials and methods
2.1. Study design and participants

The details of this study have been described elsewhere [23]. In
brief, this longitudinal study followed 103 participants aged 20-59
years who were employed before stroke onset and were able to
communicate and complete surveys in Thai language. Participants
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Fig. 1. Job demand-control-support model as analytical framework.
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were admitted with first-time diagnosis of transient ischemic
attack (TIA) or ischemic stroke (IS) in a tertiary hospital with a
stroke unit in Bangkok between December 2020 and August 2022.
Stroke diagnoses were determined by neurologists, based on the
International Classification of Diseases, 10th revision (ICD-10).
During hospitalization before discharge, job strain, social support,
sociodemographic, behavioral, and clinical data were collected in
the baseline survey; disability was assessed at baseline and at
follow-up surveys at 6 months and 12 months via face-to-face
interview.

The study was approved by the Ethics Committee for Human
Research of the Faculty of Tropical Medicine, Mahidol University,
Thailand (No. MUTM 2020-066-01). All procedures were per-
formed in accordance with the Declaration of Helsinki, ICH
Guidelines for Good Clinical Practice, and other International
Guidelines for Human Research Protection. Written informed
consent was obtained from all participants after they had been
informed of the objectives, benefits, data collection method, and
confidentiality agreement. Participants were right to withdraw
from the study at any stage. All questionnaire data were de-
identified to ensure confidentiality.

2.2. Measures of work stress

The validated 22-item Thai version of the Job Content Ques-
tionnaire (JCQ)was used in to assess psychosocial work charac-
teristics [24]. The JCQ includes three scales for psychological job
demand (5 items), decision latitude at work or job control (9
items), and social support (8 items) [24]. Respondents rated their
perceptions on each item using four-category response options
ranging from 1 (strongly disagree) to 4 (strongly agree). The scores
of the three dimensions were calculated by summing the ratings of
items for each scale [25]. Job strain (continuous) was calculated as
the ratio between job demand and job control, by weighting the
item numbers of these two scales, i.e., [(job demand * 9)/(job
control * 5)]. High values of job strain and social support reflect
high levels of stressful experience and support, respectively. The
Cronbach's alpha coefficients were 0.79 for job demand, 0.67 for
job control, and 0.78 for social support.

2.3. Measures of disability

Both the Barthel index (BI) [26] and the modified Rankin Scale
(mRS) [27] were administered by trained study nurses to measure
disability. The BI is a widely used standardized instrument to
assess the status of functional disability among stroke survivors,
with the primary goal of measuring self-care and mobility in ac-
tivities of daily living or functional dependence in stroke patients.
The BI questionnaire consists of 10 items covering personal hy-
giene, self-bathing, feeding, toilet use, stair-climbing, bowel con-
trol, bladder control, transfers, and mobility. The sum score of BI
ranges from 0 to 100, with higher scores reflecting better function.
The Cronbach's alpha coefficient was 0.818 in our study. The mRS
generally categorizes 7 levels of disability: 0 (no symptoms), 1 (no
significant disability), 2 (slight disability), 3 (moderate disability),
4 (moderately severe disability), 5 (severe disability), and 6 (death)
[28].

2.4. Collection of sociodemographic, behavioral, and clinical
information

Sociodemographic and behavioral data were collected through
questionnaire-based interviews. Sociodemographic data included
age, sex, marital status, income, and education. Behavioral factors
were body mass index (BMI; kg/m?), current smoking status, and
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alcohol intake. Clinical characteristics were gathered from medical
records, including family history of stroke, the National Institutes
of Health Stroke Scale (NIHSS) score at admission, and car-
diometabolic diseases (including hypertension, diabetes, hyperli-
pemia, and cardiovascular disease) at baseline.

2.5. Statistical analysis

Statistical analyses were performed using SAS 9.4. First, mean
values were presented for continuous variables, and frequencies
and percentages were presented for categorical variables. Second,
correlations between work characteristics (job strain and social
support) at baseline and disability (Bl and mRS) at baseline, 6-
month, and 12-month follow-up surveys were tested by Pearson
correlation analysis. Third, generalized linear models and gener-
alized estimating equations (GEEs) were applied to examine lon-
gitudinal associations of baseline job strain and social support
with changes in Bl and mRS over the one-year course. Job strain
and social support were treated as continuous variables, and
regression coefficients were reported by job strain and social
support with increase per one standard deviation (SD). Finally, the
interaction between job strain and social support on the disability
outcomes was tested by adding an interaction term. Model I was
unadjusted. Model II adjusted for baseline sociodemographic fac-
tors (age, sex, marital status, income, and education). Model III
further adjusted for behavioral factors (BMI, smoking, and alcohol
consumption). Model 1V additionally adjusted for clinical charac-
teristics (family history of stroke, cardiometabolic diseases, and
NIHSS at admission).

3. Results
3.1. Baseline characteristics of the participants

Between December 2020 and August 2022, 103 employed
stroke patients met the inclusion criteria in this study. The sample
consisted primarily of workers (n = 79), with a smaller number of
managers/supervisors (n = 16) and lead workers (n = 2). Among
the participants, 68 were men and 35 were women, with a mean
age of 46.83 years (SD = 9.23). Most workers possessed a bache-
lor's degree or higher (83.50%), were married (79.61%), and earned
an average monthly income of 16,624.76 Thai Baht (approximately
equivalent to 536 U S. dollars). For behavioral factors, the mean
BMI was 24.28 (SD = 3.80) kg/m?. Thirty-one (30.10%) of partici-
pants were current smokers, and 52.43% (n = 54) were alcohol
drinkers. In terms of medical history, 11 patients (10.68%) had a
family history of stroke, and 22 patients (21.36%) had car-
diometabolic diseases. The mean score of NIHSS at hospital
admission was 5.33 & 4.05 (Table 1).

3.2. Correlation matrix between job strain, social support at
baseline, and disability over one year

The BI scores increased over time, from 87.9 4 14.0 at baseline
to0 96.3 + 6.9 at 6 months and 97.3 + 4.8 at 12 months, and the mRS
scores decreased from 1.2 4- 0.9 at baseline to 0.8 & 1.0 at 6 months
and 0.5 4 0.8 at 12 months. BI at baseline was correlated with BI at
6 months (p < 0.001) and 12 months (p < 0.001), as well as mRS at
baseline (p < 0.001), 6 months (p < 0.001), and 12 months
(p < 0.001). Social support at baseline was correlated with mRS at
12 months (p < 0.05). Job strain at baseline was not correlated with
either social support at baseline or any of the disability measures
(Table 2).
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Table 1
Sociodemographic and clinical characteristics at baseline (n = 103).
N (%)
Age (years), mean + SD 46.83 +9.23
Male, N (%) 68 (66.02)

Monthly income (Thai baht), mean + SD
Education level,

16,624.76 + 9,216.12

Less than a bachelor's degree 17 (16.50)

Bachelor's degree or more 86 (83.50)
Marital status, N (%)

Single 15 (14.56)

Married 82 (79.61)

Divorced/widowed 6(5.83)
Current smokers, N (%) 31(30.10)
Alcohol drinkers, N (%) 54 (52.43)
BM], mean + SD 24.28 +3.80
Family history of stroke, N (%) 11 (10.68)
Cardiometabolic diseases, N (%) 22 (21.36)
NIH stroke scale at admit to the hospital, mean £ SD  5.33 & 4.05

BMI: body mass index; Cardiometabolic diseases: (hypertension, diabetes, hyper-
lipemia, cardiovascular disease); NIHSS: National Institutes of Health Stroke Scale;
SD: standard deviation.

3.3. Longitudinal associations of job strain and social support at
baseline with changes in disability over one year after stroke

In Table 3, during the one-year post-stroke, all four GEE models
indicated that there were no significant associations between
continuous job strain score (increased per SD) at baseline and both
Bl and mRS scores after adjusting for sociodemographic, behav-
ioral, and clinical characteristics (all p > 0.05). For overall social
support (decreased per SD) at baseline, there were no significant
associations between social support and BI scores after adjusting
for sociodemographic, behavioral, and clinical characteristics (all
p > 0.05). However, for every 1-SD decrease in social support at

Table 2
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baseline, mRS scores were significantly increased after adjusting
for sociodemographic (0.11 points increased, p = 0.0412), behav-
ioral (0.13 points increased, p = 0.0131), and clinical characteristics
(0.10 points increased, p = 0.0369). To further examine whether
different sources of workplace support had differential effects, we
conducted additional analyses separating supervisor support and
coworker support. Neither supervisor nor coworker support was
significantly associated with BI scores in crude or fully adjusted
models. For mRS, lower supervisor support was significantly
associated with higher disability scores in the crude model (0.15
points increased, p = 0.0179), whereas coworker support was not
significantly associated with mRS. However, after full adjustment
for sociodemographic, behavioral, and clinical covariates, the as-
sociation between supervisor support and mRS was attenuated to
be marginally significant only (0.10 points increased, p = 0.0665).
Coworker support remained non-significant in all models (please
see Supplementary Table 1). There were no significant interactions
between job strain and social support on disability outcomes (all
p > 0.05).

4. Discussion

This study, which examined psychosocial work factors in post-
stroke care, aligns with global public health priorities by sup-
porting inclusive employment and reducing disability related to
chronic health conditions [29]. To our knowledge, it was the first
theory-based investigation to test the long-term effects of work
stress on disability following a stroke. Although this study was
conducted in Thailand, findings have broader relevance to other
low- and middle-income countries (LMICs) undergoing rapid
industrialization, where high job stress, weak workplace pro-
tections, and limited access to post-stroke rehabilitation services
are common.

Correlation matrix between job strain, social support at baseline and disability over one year (N = 103).

Mean + SD (1) 2) (3)

(4) (5) (6) (7) (8)

0.91+0.11 1.00
~0.07 (0.49) 1.00

1) Job strain at baseline
2) Social support at baseline 24.49 + 2.67

(

(

(3) BI at baseline 87.90 + 14.00 —0.00 (0.97) 0.06 (0.53)  1.00
(4) BI at 6 months 9630 £ 6.90 —0.05(0.60) —0.12(0.22)

(5) BI at 12 months 9730 £4.80 0.04(0.72)  0.19 (0.07)

(6) mRS at baseline 1204090 0.11(028) —0.15(0.14)

(7) mRS at 6 months 0.80+1.00 0.03(0.77) —0.12(0.24)

(8) mRS at 12 months 050+ 0.80 0.02(0.84) —0.24 (0.02)

~0.67 (<0.001)
~0.60 (<0.001)
~0.57 (<0.001)

0.46 (<0.001)  1.00
0.57 (<0.001)

0.63 (<0.001)  1.00

~0.40 (<0.001) —0.44 (<0.001) 1.00

~0.72 (<0.001) —0.68 (<0.001) 0.55 (<0.001) 1.00

~0.57 (<0.001) —0.82(<0.001) 0.43 (<0.001) 0.75 (<0.001) 1.00

Note: SD, standard deviation. Values in parentheses represent p-values.
Pearson's correlation.

Table 3

The regression coefficients and 95% Cls of repeated measures of disability during one-year follow-up by job strain and social support at baseline.

Model 1 Model 11 Model III

Coefficient (95% Cls)

Model IV

Coefficient (95% Cls) Coefficient (95% Cls) Coefficient (95% Cls)

BI
Job strain (increase per SD) —0.16 (—1.78, 1.47)
Social support (decrease per SD) -0.41(-1.84,1.03)
P-value for interaction 0.60

mRS
Job strain (increase per SD) 0.05 (—0.10, 0.20) 0.02 (-0.12, 0.16) 0.02 (-0.10, 0.15) —0.00 (-0.12,0.12)
Social support (decrease per SD) 0.16 (0.05, 0.26) ** 0.11 (0.00, 0.22) * 0.13 (0.03, 0.22) * 0.10 (0.01, 0.20) *
P-value for interaction 0.97 0.98 0.92 0.77

0.19 (~1.38, 1.76) 0.05 (~1.44, 1.54) 0.37 (~0.95, 1.69)
~0.02 (—1.39, 1.36) ~0.13 (~1.25, 1.00) 0.34 (~0.66, 1.34)
0.44 0.43 0.43

Model I: unadjusted.

Model II: adjusted for sociodemographic factors at baseline (age, sex, marital status, income, and education).

Model III: Model II + additionally adjusted for behavioral factors at baseline (smoking, alcohol drinking, and BMI).

Model IV: Model III + additionally adjusted for clinical characteristics at baseline (family history of stroke, cardiometabolic diseases, and NIHSS at admission).
Generalized linear models and generalized estimating equations, *p< 0.05, **p < 0.01.
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Our study did not find a significant association between base-
line job strain and disability trajectories over one year. This con-
trasts with prior cohort studies among initially healthy workers
demonstrating that job strain increases the risk of incident stroke
[13,14]. However, the mechanisms linking work stress to stroke
onset may differ from those influencing recovery after stroke,
during which patients’ outcomes may be shaped by stroke-related
anxiety, difficulties in coping with disability, fears of recurrence,
and role limitations [30]. Our findings also contrast with a prior
multi-cohort study among European workers with diabetes, in
which job strain was prospectively associated with work disability
measured by sickness absence [17]. However, the study population
and outcome differed substantially from ours, as sickness absence
reflects employment participation rather than clinical disability
progression after a cardiovascular event [17]. Nevertheless, our
results are consistent with prior research among a sample of in-
dividuals who had experienced stroke, where nonspecific psy-
chological stress was not associated with the subsequent 5-year
disability status following stroke onset in a recent study in Iran
[19]. Similarly, in our previous study among our population of
patients using the effort-reward imbalance psychosocial work
model, the ratio of effort and reward, or stressful work experience
at baseline, was likewise not significantly associated with changes
in quality of life [23]. It is possible that psychosocial work status at
baseline does not necessarily capture the trajectory of psychoso-
cial work experiences over time, especially among a worker pop-
ulation affected by cardiovascular events such as stroke. In other
research that has investigated the reverse relationship of cardio-
vascular disease diagnosis at baseline with changes in both job
demand-control and effort-reward imbalance perceptions, car-
diovascular disease was longitudinally associated with increased
work stress [31]. Another possible explanation for the null finding
is that stroke survivors may modify their work roles, reduce
working hours, or receive workplace accommodations after the
event, thereby altering their exposure to job strain during the re-
covery period [32].

In contrast, lower workplace social support was independently
associated with worsening disability over time, particularly when
disability was measured using mRS. This finding supports the
direct-effect hypothesis of the Job Demand-Control-Support
model [12]. While we did not find results supporting the moder-
ating effect, our study aligns with previous research on the asso-
ciation between low social support and increased risk of stroke
[15]. The literature supports a related concept that social isolation,
characterized by low social support and limited connectedness
outside the workplace, has been associated with an increased risk
of recurrent stroke among first-ever stroke patients during a 5-
year follow-up period [20]. Among worker populations,
coworker social support has also been associated with better
mental health outcomes, including decreased psychological
distress [33]. For individuals with general disability, overall social
support has similarly been linked with mental health [34].
Workers with physical disability have expressed lower coworker
and supervisor support than those without disability, highlighting
the vulnerability of this population within workplace contexts
[35]. Because our cohort consisted primarily of relatively young
stroke survivors, age-related differences in perceived support may
also be relevant. Individuals with disability under 60 years of age
perceived higher meaningfulness of peer social support during
rehabilitation compared to their older counterparts [36]. In the
context of work, younger workers with disability perceived higher
supervisor support than both their counterparts without disability
and older workers with disability [37]. Given that individuals that
had young stroke may have better functional recovery [5], lower
levels of disability may, in turn, facilitate greater engagement in
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social and workplace interaction, which could enhance perception
of available social support.

An intriguing aspect of our study is that social support at
baseline was significantly associated with one disability measure,
mRS, but not with the other disability measure, BI, over a one-year
period. These two scales capture related but distinct constructs of
disability. The mRS serves as a measure of neurological outcomes
and disability following a stroke, evaluating the individual's de-
gree of disability and accounting for their level of independence
[27,28]. In contrast, Bl focuses on general self-care and mobility in
activities of daily living, such as feeding, bathing, toileting, trans-
fers, and mobility [26]. In our study among relatively young stroke
populations with mild to moderate severity, ceiling effects are
common with the BI, as many individuals regain independence in
basic daily activities within the first months after stroke [35]. The
mRS has been shown to be more sensitive to subtle but clinically
meaningful differences in global functional status, particularly in
minor stroke or high-functioning populations [38], thus providing
a more comprehensive evaluation of an individual's clinical state
during stroke recovery [39]. Our findings suggest that workplace
social support (particularly supervisor support) may influence
broader aspects of independence and societal participation rather
than basic physical self-care functions. In a working-age cohort,
returning to employment, maintaining role identity, and navi-
gating social interactions may be more strongly reflected in mRS
scores than in BI scores.

Our study has several limitations, which necessitate that find-
ings should be interpreted with caution. First, the relatively small
sample was drawn from a single hospital in one city. The inclusion
eligibility criterion that participants be able to communicate and
complete surveys may have excluded individuals with more severe
stroke conditions, and the sample consisted predominantly of
relatively well-educated, urban professional workers. Together,
these factors may limit the generalizability of the findings to the
broader working-age stroke population in Thailand and other
LMIC. Second, data collection was conducted during the COVID-19
pandemic, in which social distancing during lockdown policies and
loneliness may have affected study participants’ perceptions of job
strain, disability, and social support. Third, several important po-
tential confounders, such as family-related stress and support,
work hours, sleep patterns, and physical activity, were not avail-
able to be included in the analysis. Fourth, the exposure variables
psychosocial work factors were measured via self-report and may
be subject to reporting or recall bias. Lastly, pre-stroke perceptions
of job strain were only collected once at baseline, and may not
account for changes in perceptions over the one-year post-stroke.

On the other hand, our study also has strengths. First, our study
is the first longitudinal study assessing the Demand-Control-
Support model and disability among workers after stroke in
Thailand. This study highlights that high work stress is a relevant
mental health issue, especially in the context of the country's
transformation to industrialization [21], and additionally links
work stress to increased morbidity and mortality rates of stroke in
the working-age group [22]. Our findings further underscore the
importance of social support in the recovery process among Thai
stroke survivors, suggesting that supportive interpersonal and
workplace networks may play a meaningful role in promoting both
psychological adjustment and functional recovery after stroke.
Second, our research design over a one-year period with 3-time
repeated measures implies a causal link between the risk factor
at baseline and the outcomes at follow-ups. Third, disability was
measured by Bl and mRS, which are globally used to evaluate long-
term outcomes after stroke and cover both functional tasks and
clinical aspects.
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5. Conclusions

In summary, in this one-year longitudinal study among
workers who had experienced stroke, job strain was not signifi-
cantly associated with disability changes, but social support was
significantly associated with changes in disability status, particu-
larly mRS. These results indicate the potential importance of social
support at work in the recovery process of stroke. Future research
should include larger and more diverse cohorts across multiple
sites, incorporate longer follow-up periods, and employ repeated
measures of psychosocial work characteristics over time. Addi-
tionally, proactive workplace interventions that enhance supervi-
sor and coworker support and foster supportive organizational
cultures may help promote functional recovery and sustained in-
dependence among working-age stroke survivors.
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