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Abstract

Purpose This study examined whether job satisfaction and job security moderate the path from physical demands and job
strain to impaired work performance via musculoskeletal symptoms in the upper extremities (MSUE). Moderation effects on
five paths were examined: (1) from job strain to MSUE; (2) from job strain to work performance; (3) from physical demands
to MSUE; (4) from physical demands to work performance; (5) from MSUE to work performance.

Methods This was a cross-sectional study of 669 full-time workers from 9 manufacturing and 3 healthcare facilities. Data
were collected via health interviews, on-site physical exposure assessments, and computation of the Strain Index by ergono-
mists, and self-administered questionnaires on psychosocial factors. Structural equation modeling and zero-inflated negative
binomial regression analysis were performed to examine the moderation effect on each path.

Results Job satisfaction moderated the relationship between MSUE and impaired work performance (B=- 0.09, 95% CI:
— 0.15, — 0.04) and job security moderated the relationship between physical demands and MSUE (B =- 0.64, 95% CI:
— 1.17, — 0.11). Interaction between job satisfaction and MSUE was significant on both the occurrence (OR: 0.92, 95%
CI: 0.87, 0.97) and the degrees of impaired work performance (mean ratio: 0.99, 95% CI: 0.97, 0.99), while the interaction
between job security and physical demands was significant only on the degrees of MSUE (mean ratio: 0.94, 95% CI: 0.89,
0.99).

Conclusion Job satisfaction and job security can, respectively, mitigate the adverse impacts of working with MSUE and
physical demands on work performance. Workplace interventions to improve workers’ job satisfaction and job security can
contribute to their musculoskeletal health and work performance.
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Introduction

>4 Suyoung Kwon

sykwonl @uw.edu Musculoskeletal symptoms in the upper extremities (MSUE)

are common health problems. A recent study estimated
that 31% of the general population had MSUE in the past
3 months (Lucas et al. 2021). Many workers continue work-
ing despite experiencing MSUE (Walker-Bone et al. 2004;
Herr et al. 2015), and these workers may not be fully func-
tioning at work due to the condition. Musculoskeletal symp-
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tial impacts of MSDs depend on their stage and severity
(Evanoff et al. 2014). For example, while physical demands
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are a critical risk factor for the onset of MSDs, psychoso-
cial factors may be more important for the progression of
MSDs or work disability (Evanoff et al. 2014). Hence, dis-
entangling the role of contributing factors at each stage of
work-related MSD—specifically, the development of MSUE
and work disability due to MSUE—is essential to inform
the design of MSD prevention strategies and interventions.
However, little is known about what kinds of occupational
factors influence the path from MSUE to work performance.

According to the biopsychosocial model, disability is not
just a consequence of a health condition but occurs as a con-
sequence of the interaction between health, environmental,
and personal factors (Gatchel et al. 2007). Within a given
illness, different levels of disability may occur depending on
the surrounding environment. Based on the biopsychosocial
model, the World Health Organization (2001) proposed the
International Classification of Functioning, Disability, and
Health (ICF) framework, which illustrates not only the three
components of disability (i.e., bodily impairment, activity
limitation, and decreased social participation), but also how
the relationships among these components can be moder-
ated by personal or environmental factors. Based on the ICF
framework, a French longitudinal study by Rouquette et al.
(2015) reported that environmental factors such as family
relationships and the use of mobility devices modified the
relationship between bodily impairment (pain) and activ-
ity limitation (physical function) among patients with knee
osteoarthritis. However, little is known as to whether occu-
pational environments can modify the effect of MSUE on
work performance. While people can have the same degree
of MSUE, their work performance due to MSUE may dif-
fer depending on what kinds of jobs they perform and what
kinds of resources are available to them for coping with
MSUE at work.

Both physical and psychosocial factors have been recog-
nized as main occupational risk factors for the occurrence
of MSDs (Bernard et al. 1997; National Research Council
and Institute of Medicine 2001; Da Costa and Vieira 2010).
Based on laboratory studies, physical job factors, such as
work posture, force exertion, and repetition, are considered
to be plausible biological causes of MSDs. However, their
effects, as observed in epidemiologic studies, are modest or
less conclusive (National Research Council and Institute of
Medicine, 2001; Burton et al. 2008; Da Costa and Vieira
2010). The psychosocial job factors most commonly inves-
tigated in MSD studies include psychological job demands,
job control, job security, and job satisfaction. While high
psychological job demands, low job control, and high job
strain have been consistently shown to be associated with
increased risk of MSDs (Cantley et al. 2016; Eatough et al.
2012; Bugjska et al. 2013; Hauke et al. 2011; IJzelenberg
et al. 2004; Da Costa and Vieira 2010), the influences of
other psychosocial factors such as job satisfaction and job
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security have been less supported (Bernard et al. 1997; Lang
et al. 2012; Zare et al. 2021).

A possible reason that job satisfaction and job security
have shown inconsistent evidence regarding their relation-
ships with MSDs may be because they operate as moderators
rather than as independent risk factors. Prior studies that
observed significant associations of job security (Kivimaki
et al. 2001; Lipscomb et al. 2008; Bugjska et al. 2013; Wami
et al. 2019) and job satisfaction (Tegenu et al. 2021; Baek
et al. 2018; Lachowski et al. 2017; Christensen et al. 2017)
with MSDs did not account for other major factors such as
physical demands, psychological job demands, job control,
and job strain in their analyses. The impact of job security
on MSD symptoms was not supported after accounting for
the influence of physical demands (Lourenco et al. 2015).
Meanwhile, a study showed that job security moderated the
relationship between job demands and job performance (Lu
et al. 2017). Another study examined a mediating role of
job satisfaction for MSDs among hospital nurses but failed
to find it after controlling for job strain (Mehralizadeh et al.
2017).

To further contemplate the moderating influence of job
satisfaction and job security on the effect of major occupa-
tional factors on MSDs, the Job Demand Resource (JDR)
model (Demerouti et al. 2001) offers a helpful framework.
The JDR entails physical, social, and organizational factors
of the work environment and purports that job resources
buffer job demands (Bakker et al. 2005). Job demands are
factors that require physical and psychological effort and
are associated with certain physical and psychological
costs, which lead to depleted energy and predict job strain
and health impairment (Bakker et al. 2003). Job resources
are factors that help to achieve work goals, reducing job
demands, and increasing personal growth and motivation
(Bakker et al. 2003). Several empirical studies have shown
the moderating effect of job resources on MSDs (Joling
et al. 2008; Pekkarinen et al. 2013; Mai and Kim 2022).
Previous studies have tested the moderating effect of job
resources such as social support and fair reward systems on
MSDs (Joling et al. 2008; Pekkarinen et al. 2013; Mai and
Kim 2022), but investigations have been relatively limited.
For example, the moderating effect of job resources on the
pathway from MSDs to work performance has never been
examined. In addition, factors such as job security and job
satisfaction have not been examined as job resources.

MSUE at work is also germane to a phenomenon of
presenteeism, and whether it depends on the presence of
MSUE (bodily impairment) or work performance (activ-
ity limitation) needs to be considered. McGregor et al.
(2018) argued that the previous operationalized definitions
of presenteeism such as “attending work while ilI” or “the
productivity loss that stems from attending work while ill”
were not valid to workers with chronic health conditions
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and suggested for future studies a new definition as “attend-
ing work while feeling impaired.” This assertion prompts
the examination of different kinds of presenteeism among
people with MSUE: positive presenteeism (having MSUE
but no impaired work performance) and negative presentee-
ism (having both MSUE and impaired work performance).
Psychosocial factors such as job satisfaction and job security
may play a role in workers’ decision whether to attend work
despite feeling impaired work performance due to MSUE,
as well as whether to attend work despite feeling MSUE
but no impaired work performance. High job satisfaction
may reflect a resourceful work environment for preventing
impaired work performance, as well as MSUE. Company
benefits and perks such as competitive health insurance
coverage, paid leave, wellness program, and flexible work
schedule were associated with job satisfaction as well as
employees’ health (Tessema, Ready and Embaye 2013;
Ledikwe et al. 2018; Ray and Pana-Cryan 2021). Therefore,
people with high job satisfaction may have more resources
to cope with MSUE. On the other hand, job insecurity may
be associated with the negative presenteeism. While taking
rest or sick leave when desired for reducing MSUE (Park
and Kim 2020), workers with low job security may tend to
delay taking sick leave, especially when their work is busy.

The purpose of the present study is to examine whether
job resources of job satisfaction and job security moderate
the path from physical demands and job strain to impaired
work performance via MSUE. This study hypothesized
that job satisfaction and job security would have moderat-
ing effects on the following three paths: (i) from job strain
to MSUE; (ii) from physical demands to MSUE; (iii) from
MSUE to impaired work performance; (iv) from job strain to
impaired work performance; and (v) from physical demands
to impaired work performance. The proposed conceptual
model of this study is provided in Fig. 1.

Methods
Setting and design

This cross-sectional study utilized the baseline data from a
prior prospective cohort study, conducted by the Washing-
ton State Department of Labor and Industries, Safety and
Health Assessment and Research for Prevention (SHARP)
program. The SHARP study recruited 733 full-time employ-
ees in 9 manufacturing sites and 3 healthcare facilities in the
state of Washington (USA) from 2001 to 2004. The study
included: (1) individual quantifications of physical factors
by certified professional ergonomists; (2) a health interview
(health history, job history, MSUE) by trained interviewers;
and (3) a self-administered questionnaire of psychosocial
factors. Among 733 employees recruited at baseline, 266
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Fig.1 Conceptual framework and hypotheses, H hypothesis, MSUE
musculoskeletal symptoms in upper extremities. All exogenous vari-
ables such as job strain, physical demands, job resources, and con-
founders were allowed to covary each other if there was no direct path
between them

participants (36%) were terminated or laid off during the
following period due to the economic recession. In addi-
tion, the attrition rate was 56% among the participants who
reported low job satisfaction and 90% among those who
reported low job security at baseline. Given the high attri-
tion rates and possible selection bias from the lost to follow-
up, we considered that using the longitudinal data would
not be appropriate to examine the moderating effects of job
satisfaction and job security. Therefore, this study conducted
the examination using the cross-sectional baseline data. The
SHARP study was approved by the Washington State Insti-
tutional Review Board.

Participants

Details of the methods for the SHARP study were previously
reported (Bao et al. 2006a, b). Briefly, SHARP contacted
manufacturing or healthcare facilities with more than 200
employees that were anticipated to have a variety of physi-
cal occupational exposures. The study included sites that
had a department where at least 30 full-time workers were
exposed to jobs with >3 of 6 varied hand force (high/low)
and repetition (high/medium/low) exposures. Due to lim-
ited resources to measure physical factors, workers who had
more than four tasks or mobile jobs, such as forklift driving,
were excluded. In addition, workers involving direct patient
care in healthcare facilities were excluded because of patient
privacy concerns that restricted videotaping job tasks which
was needed for assessing physical exposures. The SHARP
study enrolled workers who were willing to participate (65%,
733 out of 1123) within the selected facilities. Most par-
ticipants (86%) were from manufacturing industries such
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as sawmills and plywood mills; electronics assembly; and
window, machine, and furniture manufacturing. Among the
733 participants of the original SHARP study, those who
had a sudden injury to the upper extremities from slip, fall,
or a car accident in the last year (n=29) and those whose
data had been lost for all psychosocial variables (n=235)
were excluded. As a result, 669 workers were included in
the analysis of the present study.

Measures
Physical demand exposure

In the original study, certified professional ergonomists, who
were blinded to workers’ health status, directly observed and
videotaped workers while they were performing their usual
jobs and then documented physical job exposure parameters
from the right and left sides of the upper body. The domi-
nant side was determined by the question of which hand
they write with. A Strain Index, which was developed as a
distal upper extremity physical exposure assessment, was
calculated to assess the level of physical job exposure for
each side. The Strain Index (Moore and Garg 1995) is the
product of the multipliers of six domains (intensity of exer-
tion, duration of exertion per cycle, efforts per minute, wrist
posture, speed of exertion, and duration of task per day) for
each side of the body. A higher score of the Strain Index
indicates more strenuous physical exposure. To account for
workers with multiple tasks, a time-weighted average was
used for calculating the Strain Index (Bao et al. 2009). Log-
transformed Strain Index in the dominant side was used for
this analysis due to its skewness.

Job strain exposure

A modified version of the Job Content Questionnaire
(JCQ) (Karasek 1985; Silverstein et al. 2006) was used
to assess psychological job demands (five items, Cron-
bach alpha=0.65) and job control (nine items, Cronbach
alpha=0.67). A job strain variable was created by comput-
ing the ratio of psychological job demands (score range:
12—48) to job control (24-98); in the ratio calculation, the
job demand score was doubled considering the difference
in scale scores (Landsbergis et al. 1994). Job strain ranged
from 0.25 to 4.

Moderators

Job satisfaction (three items, Cronbach alpha=0.81) and
job security (two items, Cronbach alpha =0.64) were meas-
ured by the adapted version of JCQ (Karasek 1985; Silver-
stein et al. 2006; Cullen et al. 2008). All responses were
recorded using a four-point Likert scale (strongly disagree-1,
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disagree-2, agree-3, strongly agree-4). Total scores for job
satisfaction and job security ranged from 3 to 12 and 2-8,
respectively.

Mediator

A body map was used to measure MSUE in the right/left
shoulder, right/left elbow/forearm, and right/left hand/wrist
(Silverstein et al. 2006, 2010; Smith et al. 2009). The study
defined MSUE as pain, aching, stiffness, burning, numb-
ness, or tingling that occurred at least three times, or lasting
a week or longer, in the past year. For those with MSUE,
trained interviewers asked them about symptom intensity
within the last 7 days using a five-point Likert scale rating
(none, mild, moderate, severe, very severe) for each body
part. The categories of severe and very severe were com-
bined because few participants had very severe symptoms.

Since MSUE commonly involves symmetrical and clus-
tered adjacent body parts (Walker-Bone et al. 2004), examin-
ing the effects of occupational factors on MSUE solely in a
specific body region, such as the hand/wrist or shoulder, may
not capture the overall impact. Therefore, a latent variable
of MSUE (Cronbach alpha=0.67) was constructed using
symptom intensity from three body parts in the dominant
side: shoulder, elbow/forearm, and hand/wrist.

Outcome variable

Information on work performance was collected only
from workers with MSUE. Workers rated their ability to
perform work tasks in the prior week using the four-item
work module of the Disabilities of the Arm, Shoulder, and
Hand (DASH) (Beaton et al. 2001). Each item was rated on
a five-point Likert scale (No difficulty-0, Unable-4). Total
scores were computed by multiplying the average of the
item scores by 25; the score range was from 0 to 100, where
higher scores indicated more impaired work performance.
For workers who did not report MSUE that occurred at least
three times or lasted a week or longer in the last year, zero
was assigned to the variable score, assuming no lost work
performance. Because the score was highly skewed and con-
tained zeros, we added 1 and used a log-transformed score
[In(DASH work score + 1)] for the analysis.

Confounders

Gender, age, smoking status (never smoked, used to smoke,
and current smoker), and comorbidities (a previous diag-
nosis of thyroid disease, diabetes mellitus, or rheumatoid
arthritis) were included.
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Statistical analysis

The analysis consisted of three steps: (1) confirmatory fac-
tor analysis and measurement invariance test for MSUE,
(2) structural equation modeling (SEM) for the proposed
model in Fig. 1, (3) moderation tests of job resources (i.c.,
job satisfaction and job security), and (4) sensitivity analysis
using zero-inflated negative binomial regression. Missing
data were found in multi-item measures assessing job strain
(n=40), job satisfaction (n=15), job security (n=16), and
MSUE (n=3). To prevent the loss of observed information
from participants who answered some, but not all items
within a scale, multiple imputation was conducted at the
item level (Azur et al. 2011). The imputation was conducted
by the R package MICE (van Buuren and Groothuis-Oud-
shoorn 2011), using predictive mean matching with the num-
ber of imputations being 5. A total summary score for each
scale was computed after the missing values were replaced
with the imputed values in the one of the five datasets.

Due to the skewness and kurtosis of MSUE variables,
multivariate normal distribution did not hold. Therefore,
MSUE from three body parts were treated as ordinal out-
comes and the weighted least squares means and variance
adjusted (WLSMYV) estimator were used. The fitness of each
model was examined based on the comparative fit index
(CFI) > 0.95, Tucker-Lewis Index (TLI) >0.95, and root
mean square error of approximation (RMSEA) <0.05 (Kline
2015). Since females generally reported higher MSUE than
males in other prior studies (Walker-Bone et al. 2004;
Burton et al. 2008), there were concerns about differential
response to measuring MSUE by gender. To ensure there
was no measurement difference between males and females,
the measurement invariance test for MSUE by gender was
conducted by configural (equivalence of pattern of loadings),
metric (equivalence of factor loadings), and scalar invari-
ance (equivalence of item intercepts or thresholds). A dif-
ference Chi-square test with a scaled and shifted test statistic
(Satorra 2000) was applied in this study because it was more
robust than changes in approximate fit indices with WLSMV
(Sass et al. 2014). Theses analyses were conducted using the
open source R software version 4.2.1 (R Core Team, 2022)
with Lavaan (Rosseel 2012) and semTools (Jorgensen et al.
2020) packages.

SEM was constructed to examine the main effects of
physical demands and job strain on MSUE and impaired
work performance, regardless of the levels of job satisfac-
tion and job security and the model adjusted for age, gen-
der, smoking, and comorbidity status (Fig. 1). The fitness
of the model was examined, and coefficients and their 95%
confidence intervals (CI) were computed. To test for the
moderation effect of job satisfaction, job satisfaction and
three interaction terms (Job strain X Job satisfaction, physi-
cal demands X Job satisfaction, and the latent variable of

MSUE x Job satisfaction) were included in the path analysis
(Model 1). The same procedure was applied when testing
the moderating effect of job security (Model 2). All analy-
ses were conducted using Mplus 8.8 (Muthén and Muthén,
2017).

There were many zero scores for MSUE (42% of partici-
pants) and impaired work performance (65% of participants),
which may reflect two different processes from the count and
the zero values. To better understand the moderating effect,
we conducted zero-inflated negative binomial regression
where there was a significant moderating effect, using only
observed variables. Zero-inflated regression is appropriate
when treating excessive zeros in the outcome by examin-
ing the relationship between the occurrence of the outcome
and the degree of the outcome at the same time (He et al.
2014). Based on likelihood ratio test, zero-inflated negative
binomial regression was selected over zero-inflated Pois-
son regression because of overdispersion. Instead of physi-
cal demands and the latent variables of MSUE in dominant
side, we used the log-transformed sum of both sides of the
Strain Index scores and the sum of the intensity of six body
parts (range: 0-16), respectively. To make the continuous
score of the DASH Work Module into an integer, the sum
of the DASH Work Module score was used in this analysis
(total DASH work scores/25 X 4), which ranged from O to 16.
Odds ratios (OR) for zero-inflated part, mean ratios (MR)
for count part, and bootstrapped 95% CI were reported. This
analysis was performed using R software version 4.2.1 (R
Core Team, 2022) with pscl (Jackman 2020) packages.

Results

Table 1 shows characteristics of participants. The mean
age was 39 years, and most participants were male (52%),
White (59%), high school graduates (48%), and never had
been smokers (51%). Among the participants, 9% reported
comorbidities such as thyroid disease, diabetes mellitus,
and rheumatoid arthritis. The prevalence of MSUE in the
last 7 days was 58% and the most common MSUE area was
the right hand/wrist (34%), followed by the left hand/wrist
(27%), the right shoulder (20%), and the left shoulder (14%).
Information on the correlation matrix used in this study is
available in Supplementary Table S1.

Measurement model of MSUE

For the latent variable of MSUE constructed by symp-
tom severity in shoulders, elbows/forearms, and hands/
wrists, the confirmatory factor model was saturated (x>
(0)=0.00). Table S2 displays the fit indices for the mod-
els that tested measurement invariance by gender. The ini-
tial model assessing configural invariance was saturated
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Table 1 Characteristics of study participants (n=669)*

Characteristics N (%) Mean (SD)
Gender

Male 348 (52%)

Female 321 (48%)
Age (years) 39.4 (10.8)
Race/Ethnicity

White 402 (60%)

Asian 121 (18%)

Hispanic 84 (13%)

Others 62 (9%)
Education

Some high school or less 113 (17%)

High school graduate 319 (48%)

Some college or higher 237 (35%)
Smoking status

Non-smoker 330 (49%)

Ex-smoker 140 (21%)

Current smoker 199 (30%)
Comorbidity (yes)° 60 (9%)
Strain Index (range: 0.06—-1053)

Right 13.6 (26.1)

Left 11.6 (25.6)

Dominant side 13.9 (26.4)
Job strain (range: 0.25-4) 1.1 (0.3)
Job satisfaction (range: 3—12) 9.1 (2.1)
Job security (range: 2-8) 5.8(1.2)
Region of MSUE in the last 7 days®

None 284 (42%)

Shoulder, right 136 (20%)

Shoulder, left 94 (14%)

Shoulder, dominant side 141 (21%)

Elbow/forearm, right 71 (11%)

Elbow/forearm, left 93 (14%)

Elbow/forearm, dominant side 101 (15%)

Hand/wrist, right 228 (34%)

Hand/wrist, left 182 (27%)

Hand/wrist, dominant side 232 (35%)
DASH work module (range: 0-100)¢ 8.2 (14.9)

Zero score of DASH work module 438 (65%)

*Missing data were found in job strain (n=40, 6%), job satisfaction
(n=15, 2%), job security (n=16, 2%), and MSUE (n=3, 0.4%). This
table displays the results after imputing for missing data using predic-
tive mean matching

®Previous diagnosis of diabetes mellitus, rheumatoid arthritis, or thy-
roid disease

‘MSUE: musculoskeletal symptoms in upper extremities. Symptom
must be equal to or greater than a mild level. These categories are not
mutually exclusive

dDASH: Disabilities of the Arm, Shoulder and Hand
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(x*(0)=0.00). Testing the metric invariance yielded a
good fit, and the Chi-square increase was not signifi-
cant compared to the configural model (Ax*(3) =3.28,
p=0.35). Similarly, the scalar invariance model produced
an acceptable fit, and there was no significant Chi-square
increase (Ax*(2)=0.32, p=0.85) when compared to the
metric invariance model.

The effect of job demands on MSUE and work
performance

The model fit for this SEM was satisfactory with CFI=0.99
(criterion: > 0.95), TLI=0.98 (criterion: >0.95), and
RMSEA =0.02 (criterion: <0.05) (Table 2). Higher job
strain was associated with more severe MSUE (B [stand-
ardized coefficient] =0.14, 95% CI: 0.03-0.25) and more
impaired work performance (B=0.10, 95% CI: 0.03-0.18)
after adjusting for gender, age, smoking status, and comor-
bidity. Increasing MSUE was associated with greater impair-
ment in work performance (B=0.65, 95% CI: 0.53-0.76)
after controlling for job strain, physical demands, gender,
age, smoking status, and comorbidity. However, the effect
of physical demands on MSUE and work performance was
not significant (p >0.05).

Moderating effect of job satisfaction and job
security

A statistically significant moderating effect of job satisfac-
tion was shown on the path between MSUE and impair-
ment in work performance. As shown in Model 1 of Table 3,
higher MSUE was associated with greater impairment in
work performance (B=1.14, 95% CI: 0.85, 1.44) while
the effect (slope) of MSUE on impaired work performance
was lower (less steep) as job satisfaction becomes higher
(B=-0.09,95% CI: — 0.15, — 0.04). However, no signifi-
cant group difference was found in the other paths: from job
strain to MSUE, from physical demands to MSUE, from
job strain to work performance, and from physical demands
to work performance. In this model, higher job satisfac-
tion was associated with lower MSUE (B=- 0.62, 95%
CI: — 1.05, — 0.19) but the effect of job strain on MSUE
(B=-0.38,95% CI: — 0.81, 0.05) and impaired work per-
formance (B=0.22, 95% CI: — 0.12, 0.56) was not statisti-
cally significant.

A moderating effect of job security was observed on
the path between physical demands and MSUE (Model 2
of Table 3). Higher physical demands were associated with
severe MSUE (B=0.70, 95% CI: 0.19, 1.21) while the effect
(slope) of physical demands on MSUE was weaker (less
steep) among those with high job security (B=— 0.64,
95% CI: — 1.17, — 0.11). However, no significant group
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Table 2 Effects of physical demands and job strain on musculoskeletal symptoms in upper extremities (MSUE) and work performance
(N=669)*

Exposure Mediator: MSUE Outcome: impaired work performance®
B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Job strain 0.37 (0.08, 0.67) 0.14 (0.03, 0.25) 0.58 (0.15, 1.00) 0.10 (0.03, 0.18)
Physical demands 0.04 (- 0.02, 0.10) 0.08 (— 0.04, 0.19) —0.04 (- 0.12,0.05) —0.04 (- 0.11, 0.04)
MSUE - - 1.37 (0.74, 0.95) 0.65 (0.53,0.76)
Female (ref: male) 0.34 (0.18, 0.50) 0.27 (0.14, 0.35) 0.93 (- 0.21, 0.30) 0.02 (- 0.07, 0.10)
Age 0.02 (0.01, 0.03) 0.24 (0.17, 0.38) —0.01 (- 0.02,0.01) —0.05 (- 0.13,0.03)
Comorbidity (yes)® 0.03 (- 0.22,0.29) 0.01 (- 0.09, 0.12) 0.05 (- 0.30, 0.40) 0.01 (- 0.06, 0.08)
Smoking status (ref: non-

smoker)

Ex-smoker 0.32 (0.13,0.51) 0.19 (0.08, 0.29) 0.43 (- 0.74, - 0.13) —0.12 (- 0.20,— 0.04)

Current smoker 0.34 (0.16, 0.52) 0.22 (0.11, 0.33) —0.32 (- 0.60, — 0.03) —0.10 (- 0.19, — 0.01)
R-square 0.225 0.417
Model fit indices Chi-square =18.79, degree of freedom =16, P-value=0.28

CFI=0.99, TLI=0.98, RMSEA =0.02 (90% CI: 0.00-0.04)

4Ref reference, CFI comparative fit index, TLI Tucker-Lewis Index, RMSEA root mean square error of approximation, f=unstandardized coef-
ficient, CI=confidence intervals, B standardized coefficient

This is log transformed of Disabilities of the Arm, Shoulder, and Hand (DASH) work score adding 1 [Ln (DASH work score+ 1)]
“Previous diagnosis of diabetes mellitus, rheumatoid arthritis, or thyroid disease

Table 3 The moderating effect of job satisfaction and job security on the relationship of job factors, musculoskeletal symptoms in upper extrem-
ities (MSUE), and impaired work performance (N=669)*

M  Predictor Mediator: MSUE Outcome: impaired work performance®
B(95%CI) B (95%CTI) $(95%CI) B (95%CTI)

1 Job strain —2.23(-4.73,0.27) —0.38 (= 0.81,0.05) 1.21 (- 0.67, 3.08) 0.22 (- 0.12, 0.56)
Physical demands 0.51 (- 0.08, 1.10) 0.45 (- 0.06, 0.96) —0.14 (- 0.56,0.29) —0.13 (- 0.53,0.27)
Job satisfaction —0.47 (- 0.80,—0.14) —0.62 (- 1.05.-0.19) 0.06 (- 0.17, 0.28) 0.08 (- 0.23, 0.39)
MSUE - - 1.07 (0.66, 1.47) 1.14 (0.85, 1.44)
Job strain X Job satisfaction 0.26 (— 0.02, 0.54) 0.41 (- 0.04, 0.85) —0.06 (- 0.26,0.15) —0.09 (- 0.44,0.25)
Physical demands x Job satisfaction — 0.05 (- 0.11, 0.02) —0.39 (- 0.93,0.15) 0.01 (— 0.03, 0.05) 0.09 (- 0.30,0.47)
MSUE x Job satisfaction - - —-0.04 (-0.07,-0.01) —0.09 (—0.15,—0.04)
R-square 0.333 0.486

2 Job strain —1.05 (- 3.86, 1.76) —0.17(- 0.62, 0.28) 0.58 (— 1.22,2.37) 0.10 (- 0.22, 0.43)
Physical demands 0.83 (0.19, 1.48) 0.70 (0.19, 1.21) —0.19 (- 0.61,0.23) —0.18 (= 0.57,0.21)
Job security —0.20 (- 0.74,0.35) —0.14 (- 0.53,0.25) 0.01 (- 0.30, 0.33) 0.01 (- 0.25,0.27)
MSUE - - 0.74 (0.34, 1.14) 0.83 (0.48, 1.18)
Job strain X Job security 0.35 (- 1.16, 0.85) 0.37 (- 0.16, 0.89) —0.01 (- 0.32,0.30) —0.01 (- 0.38.0.36)
Physical demands X Job security —-0.13(=0.24,-0.02) —0.64(—=1.17,-0.11) 0.02 (- 0.05,0.09) 0.14 (- 0.25, 0.52)
MSUE X Job security - - —0.02 (- 0.06, 0.03) —0.03 (- 0.09, 0.03)
R-square 0.251 0.471

#Analyses adjusted for confounders (age, gender, smoking status, comorbidity), # unstandardized coefficient, CI confidence intervals, B standard-
ized coefficient, M model

This is log transformed of DASH (Disabilities of the Arm, Shoulder, and Hand) work score adding 1 [Ln (DASH work score+ 1)]

difference was found in the other paths: from job strain to  statistically significant association with MSUE and impaired
MSUE and from MSUE to impaired work performance.  work performance in Model 2.
In addition, both job security and job strain did not show
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Sensitivity analysis: the process of the moderating
effect of job satisfaction and job security

Similar results were observed when conducting zero-inflated
negative binomial regression using only observed variables
(Table 4). As shown in Model 3, job satisfaction moderated
the effect of MSUE on the occurrence of impaired work per-
formance (OR: 0.92, 95% CI: 0.87-0.97) and on the degree
of impaired work performance (mean ratio: 0.99, 95% CI:
0.97-0.99). Statistically significant interaction effects were
found between physical demands and job security on the
severity of MSUE (mean ratio: 0.94, 95% CI: 0.89-0.99) but
not the occurrence of MSUE (OR: 0.95, 95% CI: 0.81-1.12)
(Model 4).

Discussion

The purpose of this study was to examine whether job
resources such as job satisfaction and job security moderate
the impact of physical demands and job strain on MSUE
and work performance. Job satisfaction and job security
showed a moderating effect on MSUE and impaired work

performance. Job satisfaction showed a moderation effect
on the path from MSUE to work performance, and people
with higher job satisfaction were less likely to experience
impaired work performance compared to those with low job
satisfaction. In addition, job satisfaction showed a significant
effect on MSUE while job satisfaction did not moderate the
effect of job strain or physical demands on MSUE. Mean-
while, job security showed a significant moderation effect on
the path from physical demands to MSUE and workers with
low job security experienced more harmful effect of physical
demands on MSUE. Sensitivity analyses further explains
these results. Job satisfaction moderated the effect of MSUE
on both the occurrence and the degree of impaired work
performance. Job security moderated the effect of physical
demands on the severity of MSUE but not on the occurrence
of MSUE.

Interestingly, the effect of physical demands did not
show a statistically significant effect on MSUE and work
performance in the SEM model. This may be because of
the healthy worker effect. Participants reported that dur-
ing the past 12 months, they moved to their current jobs to
avoid more MSUE (n=29, 4%), missed work due to MSUE
(n=46, 7%), had light or restricted work because of MSUE

Table 4 Sensitivity analysis of the moderating effect of job satisfaction and job security using zero-inflated negative binomial regression

Outcome: impaired work performance (IWP)"

Having IWP The degrees of IWP

OR (95% CI)

MR (95% CI)

0.01 (0.00, 1.44)
1.56 (0.75, 3.25)
1.18 (0.77, 1.79)
0.91(0.51, 1.61)
1.46 (0.85, 2.52)
0.95 (0.87, 1.02)
0.92 (0.87, 0.97)

0.32 (0.09, 1.20)
1.24 (0.92, 1.67)
1.22 (1.08, 1.37)
0.89 (0.74, 1.08)
1.16 (0.99, 1.35)
0.97 (0.94, 1.01)
0.99 (0.97, 0.99)

Outcome: MSUE¢!

Having MSUE
OR (95% CI)

The severity of MSUE

MR (95% CI)

(N=669)*
Model Predictors
3 Job strain
Physical demands®
MSUE!
Job satisfaction
Job strain X Job satisfaction
Physical demands®x Job satisfaction
MSUE!x Job satisfaction
Model Predictors
4 Job strain

Physical demands®

Job security

Job strain X Job security

Physical demands® xJob security

0.38 (0.00, 58.30)
1.15 (0.47, 2.85)
1.05 (0.45, 2.44)
0.98 (0.44, 2.18)
0.95(0.81, 1.12)

0.36 (0.07, 1.90)
1.40 (1.00, 1.95)
0.83 (0.60, 1.14)
1.27 (0.96, 1.69)
0.94 (0.89, 0.99)

This result was adjusted for age, gender, smoking status, and comorbidity. MR mean ratio, OR odds ratio, CI confidence intervals
®This is log transformed of DASH (Disabilities of the Arm, Shoulder, and Hand) work score adding 1 [Ln (DASH work score+1)]
“Physical demands are log transformation of the sum of the right and left job strain indices

4MSUE (musculoskeletal symptoms in upper extremities) was calculated as the sum of intensities in the six body parts including right/left shoul-

der, right/left elbow/forearm, and right/left hand/wrist
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(n=60, 9%). While other studies showing the significant
effect of physical demands on MSDs conducted a survival
analysis to account for days exposed to physical demands
(Garg et al. 2012; Harris-Adamson et al. 2015, 2022), this
study did not. In addition, outcomes such as MSUE and
work performance are more fluctuating and easily revers-
ible (Gardner et al. 2014) than the diagnosis of MSDs and
its disability. When workers had fully recovered from MSUE
and its work limitation, the effect of physical demands on
MSUE and work performance could be reduced. Conversely,
the reason why the effect of physical demands on MSUE was
significant in the model with job security may reflect that
workers with low job security may delay taking sick leave
or rest when they need to.

To our knowledge, no previous study has examined the
role of job satisfaction as a moderator on the relationship
between MSUE and work performance. Previous studies
have shown that job satisfaction is significantly related to
presenteeism (Rodriguez-Cifuentes et al. 2020), productiv-
ity loss due to health (Pereira et al. 2017), and intention to
return to work after non-traumatic upper limb surgery (Peters
et al. 2017). On the other hand, job satisfaction has also been
investigated as an outcome in occupational stress research,
indicating that high job strain and high physical demands
decrease job satisfaction (Faucett 2005). The biopsycho-
social model purports that the work environment plays a
critical role in the relationship between MSUE and work
disability. In addition, resourceful work environments aid
workers in maintaining work performance despite impaired
health, which enables workers to have positive presenteeism
(Bergstrom et al. 2020; Karanika-Murray and Biron 2020).
Since job satisfaction can reflect the employee’s perception
of the overall work environment, including both physical
and psychosocial work factors, high job satisfaction may
be indicative of a favorable work environment, which in
turn can moderate the impact of MSUE on impaired work
performance. For example, those with high job satisfaction
may have more freedom to adjust their working conditions
and job tasks to manage their symptoms. Previous qualita-
tive studies (Bosma et al. 2020, 2019; Oakman et al. 2017)
showed that workers with chronic disease experience diffi-
culties ranging from disclosing their conditions to employ-
ers to getting job accommodations. Recently, flexible work
arrangements such as taking time off and allowing changes
in work schedule (Ray and Pana-Cryan 2021) were related to
high job satisfaction and low work limitations. If workplaces
have policies or practices that allow flexibility for workers
to adjust their work schedules and make arrangements for
them to carry out their job duties/tasks, workers with MSUE
may be less compelled to disclose their work limitations to
employers. Furthermore, they can continue working without
loss of work performance and potentially have higher job
satisfaction.

This study found that the negative impact of physical
demands on MSUE was stronger among those who reported
low job security. A similar relationship was observed in pre-
vious studies. In a study of female employees in poultry
processing, job insecurity at the baseline was associated
with increased risk of MSDs in the upper extremities at
the follow-up (Lipscomb et al. 2008). High job insecurity
was associated with frequent musculoskeletal symptoms
among hospital workers (Nella et al. 2015) and with a higher
prevalence of neck pain among U.S. workers in a national
health interview survey study (Yang et al. 2016). A higher
prevalence of low back pain was observed among temporary
workers compared to full-time workers (Wami et al. 2019).
In addition, this finding is consistent with studies indicating
that workers with high job insecurity are more likely to go
to work even when they have health conditions requiring
sick leave (Heponiemi et al. 2010; Schmidt and Pfortner
2020). The uncertainty of job security may prevent workers
from managing their MSUE because they may be reluctant
to either take sick leave or ask for work accommodations
or even request to change their job, especially during the
busy season. Job insecurity is common among people with
low socioeconomic status (Landsbergis et al. 2014), and it
becomes more critical among manual workers, especially
when they have limited specialized skills or live paycheck
to paycheck (Sverke et al. 2002). Work conditions such as
job insecurity, individual financial difficulties, and high job
demands make people substitute absenteeism with presen-
teeism (Miraglia and Johns 2016; Kim et al. 2020; Aronsson
et al. 2021). In this study, education level was not associ-
ated with job strain, but a difference was found for physi-
cal demands. Participants with less education were exposed
to higher physical demands. Workers with a low education
level may represent a low socioeconomic group that is more
vulnerable to job insecurity and financial difficulties. This
connection was supported by a study which found that low
socioeconomic status was associated with work disability
due to MSDs as well as a higher incidence of MSDs (van
der Molen et al. 2018).

The findings of this study need to be interpreted with
the following limitations. First, given that cross-sectional
data were used, the temporality of variables does not hold
and the exact directional association cannot be demon-
strated. Second, this study used SEM, which requires
strong assumptions. While this study waived multivariate
normality because of the use of the WLMSL estimator,
unmeasured confounders can incur bias and lead to biased
conclusions. Third, the Strain Index measures physical
impact on distal upper extremities but does not measure
impact on shoulders. The present study utilized a 1995
version of the Strain Index that was subsequently cor-
rected to account for a combination of long duration and
low-frequency tasks, which may pose greater risk than a
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combination of short duration and high-frequency tasks
(Garg et al. 2017). Fourth, no record about testing the psy-
chometric properties of the adapted JCQ (job demands,
job control, job security, and job satisfaction) was found,
which may compromise the validity and reliability of our
results. Fifth, MSUE and work performance might have
been underestimated in this study. The intensity of MSUE
and level of work performance were collected only from
workers who had symptoms at least three times or last-
ing a week or longer in the prior 12 months. Workers
with MSUE who did not meet the case definition were
regarded as symptom-free and as having no lost work per-
formance. Due to this possible misclassification bias, the
effect of physical demands and job strain on MSUE and
impaired work performance might have been underesti-
mated. Because of this limitation, the examination of the
mediating effect of MSUE was not included in this study.

Nevertheless, this study has important strengths. First,
physical demands were measured individually by experi-
enced ergonomists unlike in many other studies in which
physical demands were measured at a group level. Therefore,
the physical demands measured in this study are closer to
true physical demand exposures. Second, this study showed
a high participation rate of 65%, where a selection bias may
be of little concern. This may be because the facilities where
the participants worked agreed to let them participate at the
beginning of the study during normal work hours with no
loss of pay or privileges.

In conclusion, this study demonstrated that job resources
such as job satisfaction and job security may modify the
effect of MSUE as well as the subsequent path leading to
impaired work performance. MSUE is common and recur-
rent, and working with MSUE without appropriate accom-
modations or management of symptoms can lead to impaired
work performance. Employers need to create favorable work
environments for workers with MSUE by considering the
beneficial effects of job security and job satisfaction on
employees’ health and work performance. Also, health care
professionals should consider occupational factors when
assessing patients with musculoskeletal symptoms and pro-
vide early intervention to those exposed to high physical and
psychosocial job hazards. Furthermore, future studies need
to call attention to populations with low job security and
low job satisfaction.
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