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Objective   The literature on psychosocial job factors and musculoskeletal pain is inconclusive in part due to insuf-
ficient control for confounding by biomechanical factors. The aim of this study was to investigate prospectively 
the independent effects of effort–reward imbalance (ERI) at work on regional musculoskeletal pain of the neck 
and upper extremities of call center operators after controlling for (i) duration of computer use both at work and 
at home, (ii) ergonomic workstation design, (iii) physical activities during leisure time, and (iv) other individual 
worker characteristics. 

Methods   This was a one-year prospective study among 165 call center operators who participated in a random-
ized ergonomic intervention trial that has been described previously. Over an approximate four-week period, 
we measured ERI and 28 potential confounders via a questionnaire at baseline. Regional upper-body pain and 
computer use was measured by weekly surveys for up to 12 months following the implementation of ergonomic 
interventions. Regional pain change scores were calculated as the difference between average weekly pain scores 
pre- and post intervention.

Results   A significant relationship was found between high average ERI ratios and one-year increases in right 
upper-extremity pain after adjustment for pre-intervention regional mean pain score, current and past physical 
workload, ergonomic workstation design, and anthropometric, sociodemographic, and behavioral risk factors. No 
significant associations were found with change in neck–shoulder or left upper-extremity pain. 

Conclusions   This study suggests that ERI predicts regional upper-extremity pain in computer operators working 
≥20 hours per week. Control for physical workload and ergonomic workstation design was essential for identify-
ing ERI as a risk factor.
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It is a widely shared concept in occupational epide-
miology that musculoskeletal disorders have a multi-
factorial etiology, involving exposure to both physical 
and psychosocial working conditions (1–4). Empirical 
evidence for a causal role of psychosocial working 
conditions, however, is inconclusive. Until a few years 
ago, this research area was characterized by an over-
reliance on cross-sectional studies (5, 6). In recent 
years, a considerable number of new longitudinal stud-
ies have been conducted, but the findings have been 
inconsistent. A review covering 18 longitudinal stud-
ies on psychosocial workplace factors and low-back 
pain found “insufficient evidence for an association 

between stress at work and low-back pain” (5, p 9). 
A review that analyzed 19 studies on psychosocial 
workplace factors and neck–shoulder symptoms con-
cluded that “this relationship is neither very strong nor 
very specific” (6, p 290). The two reviews criticized 
that many studies have not sufficiently controlled for 
exposure to high physical workload and ergonomic 
problems (7, 8). Finally, it is notable, that many studies 
defined psychosocial working conditions based on the 
demand–control (job strain) model (9) or its expansion, 
the demand–control–support model (10), and that there 
is a lack of research on alternative theoretical models of 
psychosocial workplace stressors.
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Effort–reward imbalance model

In recent years, the model of effort–reward imbal-
ance �����������������������������������������������        (ERI) �����������������������������������������       at work has emerged as a new theoretical 
approach for conceptualizing health-hazardous psycho-
social working conditions. The model posits that a “high 
cost–low gain” situation at work, in which individuals 
spend high efforts while receiving low rewards (in terms 
of monetary gratification, career opportunities, esteem, 
respect, and job security), elicits severe psychologi-
cal distress that consequently affects both mental and 
physical health (11–14). It is further assumed in the 
model that ERI has, in particular, adverse health con-
sequences when it co-occurs with “over-commitment 
(intrinsic effort)”. Over-commitment is conceptualized 
as a personal disposition that motivates people to spend 
high efforts even in a situation where the chance for a 
reward is low. 

The ERI model has been tested most intensively 
in cardiovascular research, where it has been found to 
be associated with incident cardiovascular events in 
longitudinal studies (15). For other health outcomes, 
the empirical evidence has been less comprehensive 
(for reviews see 13 and 14) although there is increasing 
evidence that ERI might predict the onset of common 
mental disorders (16, 17). 

The vast majority of research studies on ERI and 
health endpoints have been conducted in Europe, and 
there are very few studies that have tested this model in 
the United States. Burgel et al (18) found that ERI was 
associated cross-sectionally with severe shoulder pain in 
hotel room cleaners. Gillen et al (19) found that it was 
associated with a risk of neck and upper-extremity injury 
claims in a case-control study among hospital workers in 
San Francisco, USA. Rugulies & Krause (20) reported 
that ERI predicted compensated low-back and neck 
injuries in a 7.5-year prospective study of urban transit 
operators in San Francisco. However, to our knowledge, 
there are no published studies in the US that have inves-
tigated the health effects of ERI on upper-body, regional 
pain among computer operators in the rapidly growing 
call center industry. 

Call center work

Computer-based customer service work, or call center 
work, is one of the most rapidly growing occupations 
in the world (21). The work involves the simultaneous 
use of a telephone and computer for activities such as 
airline reservations, banking, sales, insurance, schedul-
ing, billing, and health-related services. Musculoskeletal 
disorders of the upper extremities and neck are the most 
common occupational health problem associated with this 
type of work and account for the majority of work-related 
lost time (21, 22). Sustained pain in the upper-extremity 

and neck regions and specific musculoskeletal disorders 
(such as wrist tendonitis, epicondylitis and trapezius 
muscle strain) are elevated among computer users. The 
most consistently observed risk factors are increasing 
hours of mouse or keyboard use and sustained awkward 
postures, such as increasing wrist extension and key-
board-above-elbow height (23–28). Other important risk 
factors include being female and work organizational 
factors (eg, high work load, low job control) (29, 30). 
The association of carpal tunnel syndrome with keyboard 
use is weak, but there is some evidence of increased risk 
with increasing hours of computer mouse use (31, 32). 
A randomized controlled study of ergonomic workplace 
interventions showed a protective effect of forearm sup-
port boards for neck–shoulder disorders and a reduction 
of neck–shoulder and right upper-extremity pain in call 
center employees after control for psychosocial job fac-
tors, individual worker characteristics, medical history, 
and other confounding factors (33).

Study aims

The aim of this study was to investigate prospectively 
the independent effects of ERI at work on regional 
musculoskeletal pain of the neck and upper extremities 
of call center operators after controlling for (i) physical 
workload, (ii) leisure-time computer use, (iii) ergo-
nomic workstation design, and (iv) individual worker 
characteristics. 

Methods

Study design and population

This was a one-year prospective study of ERI and 
upper-body musculoskeletal pain among 165 call cen-
ter operators who participated in a randomized ergo-
nomic intervention trial with four treatment channels 
described previously (33). Employees at two customer 
service center sites of a large health maintenance 
organization (HMO) in California were eligible for par-
ticipation if they performed computer-based customer 
service work for ≥20 hours per week and did not 
have an active workers’ compensation claim involving 
the neck, shoulders, or upper extremities. At on-site 
recruitment meetings, between June 2001 and May 
2002, the study was explained, and interested employ-
ees who met the initial eligibility criteria signed a con-
sent form (N=269). These potential participants filled 
out a self-administered baseline questionnaire and then, 
on a weekly basis, completed a one-page question-
naire which assessed pain severity. Employees who 
completed at least four weekly surveys were eligible 
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for participation in the study (N=182). Participants 
were randomized to receive one of four interventions; 
the randomization was done by means of a computer-
generated permuted-block sequence and administered 
by a research associate. The four workplace interven-
tions were: (i) ergonomics training, (ii) trackball and 
ergonomics training, (iii) forearm-support board and 
ergonomics training, and (iv) forearm-support board, 
trackball, and ergonomics training as described in more 
detail elsewhere (33). This prospective cohort study 
was a secondary analysis of data gathered during the 
ergonomic intervention trial and focused on the inde-
pendent effect of ERI on upper-body musculoskeletal 
pain rather than the possible modifying effect of ERI 
on the ergonomic interventions. In fact, the small sam-
ple size provides insufficient statistical power for such 
an investigation of possible interactions. The effects of 
the ergonomic interventions independent of ERI have 
been published previously (33). The Committee on 
Human Research of the University of California at San 
Francisco and Kaiser Permanente Northern California 
approved the study protocol.

Out of 182 eligible employees, 17 workers were 
excluded in this study because they had changed jobs 
within the HMO (N=5), had left HMO employment 
(N=4), had opened a claim for workers’ compensa-
tion (N=2), stated they did not want to continue in a 
research study (N=1), or chose not to continue in the 
trial because they did not like the intervention (N=5). 
As a result, 165 employees with pre- and post-interven-
tion pain scores in all three body regions were included 
in the analyses.

Customer service operators at the participating 
sites were either registered nurses or healthcare spe-
cialists. Their work involved answering phone calls 
from HMO members in order to address questions, 
schedule appointments, save messages, and provide 
healthcare advice and triage. There is little use of writ-
ten material; almost all information is handled via the 
computer. The computer workstations originally used 
at the sites had independently adjustable keyboard and 
monitor support surfaces and were typically equipped 
with a conventional keyboard, computer mouse and a 
telephone headset. Chairs were adjustable in height 
with adjustable height armrests. During the worksite 
intervention, all operators received ergonomic train-
ing regarding the adjustment of their workstation, and 
three quarters of the workstations were equipped with 
a trackball, a forearm-support board, or both accord-
ing to randomization. Operators sat in large offices 
divided into small circular units housing 4–6 operators. 
Approximately one month after the ergonomic inter-
vention, we made an unannounced visit to participants 
at their workplace to ensure that the assigned interven-
tion was being used.

Data collection and survey instruments 

Using a self-administered baseline questionnaire, we 
collected information on demographic factors and pos-
sible covariates, such as medical history, exercise, hob-
bies, and psychosocial stressors. In addition, participants 
completed a weekly survey questionnaire at the end of 
either of the last two days of each work week for about 
four weeks prior to the ergonomic intervention and for 
up to 52 weeks post intervention. The questionnaire 
assessed pain, work schedule, medication used for pain, 
acute injury events during the week, and workplace 
changes during the week. 

Measurement of neck and upper-extremity pain

Three body regions (ie, neck–shoulders, right elbow–
forearm–wrist–hand and left elbow–forearm–wrist–
hand) were assessed for the worst pain during the 
preceding seven days using a 0–10 point scale (0=no 
pain; 10=unbearable pain) (24). Mean post-interven-
tion scores were subtracted from the mean pre-inter-
vention scores, so that any positive score reflected an 
overall increase in self-reported pain from baseline, 
while a negative score reflected an overall decrease 
in self-reported pain from baseline. For this analysis, 
mean post-intervention scores were calculated from 
surveys collected 8–52 weeks after the intervention 
in order to minimize the immediate short-term effects 
caused by the ergonomic training and adaptation to 
modifications of computer workstations. Missing val-
ues for any weekly pain score were replaced by the 
mean of the scores from adjacent weeks. The method 
was identical to the method used for the assessment of 
change in pain in the previously published ergonomic 
intervention study (33). Pre- and post-intervention pain 
score averages were used rather than single measures 
to better capture both acute and chronic pain episodes, 
including the typical intermittent or recurrent cumula-
tive musculoskeletal pain experience during the entire 
study period.

Measurement of effort–reward imbalance

ERI was measured by a standard questionnaire with 
6 items for extrinsic efforts and 11 items for rewards; 
intrinsic effort (over-commitment) was not measured 
(12). We generated an ERI ratio by summing the effort 
items and dividing them by the product of the summed 
reward score and a multiplier of 0.5454 according to the 
Siegrist coding protocol (34). Used as a categorical mea-
sure, any ratio greater than 1.0 indicates an imbalance 
between efforts and rewards. Cronbach’s alpha was 0.75 
for efforts and 0.79 for rewards, comparable to values 
generally above 0.70 reported in the literature. 
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Measurement of biomechanical risk factors and other 
covariates

Exposure to computer work was measured by the aver-
age of self-reported computer use (both at work and at 
home) in hours per week and by the number of months 
of computer use ≥20 hours/week on and off the job 
(including current call center work). Computer work 
station design was determined by intervention group 
assignment. Additional occupational exposures included 
occupation (registered nurse or customer service repre-
sentative), worksite location, self-reported typing speed 
in words per minute, work rest breaks in minutes/day, 
and hand discordance with mouse use (ie, if the non-
dominant hand operated the mouse). 

Questionnaire items assessing sociodemographic 
factors included: gender, age, ethnicity, marital status, 
and education (high school, some college, or completed 
college). Personal factors included: weight, height, 
current smoking, physical exercise (at least weekly), 
hand-intensive activities at home (hobbies, sports, gar-
dening, and housecleaning) in hours/week, driving a 
car in hours/week, and homecare-giving of an elder 
person or a child <2 years of age. Baseline health was 
assessed by several variables including: (i) a co-morbid-
ity index based on the number of selected doctor-diag-
nosed chronic health conditions that may predispose 
individuals to painful upper-body musculoskeletal or 
neurological disorders (eg, diabetes, gout, rheumatoid 
arthritis); (ii) any hormone-related conditions (eg, preg-
nancy, menopause); (iii) any specific doctor-diagnosed 
upper-extremity disorder; (iv) any specific doctor-
diagnosed neck or shoulder disorder; (v) any surgery 
on the neck, shoulder, or upper extremities; (vi) the 
number of doctor-diagnosed low-back disorders; (vii) 
current use of antidepressant medication; and (viii) the 
pre-intervention pain status of each upper-body region. 
We calculated the pre-intervention baseline pain scores 
for the neck–shoulder region and the right and left upper 
extremities by averaging the four weekly scores before 
the intervention. 

Missing value replacement

For the key predictors (efforts and rewards at work), 
missing values were replaced by the mean subscale 
score of the sample if the participant answered at least 
50% of the subscale items. For the 28 covariates evalu-
ated for confounding, sample mean values replaced 
missing values. Most missing values were found for 
body weight (N=8) and hours driven per week (N=8). 
Missing value replacement, therefore, affected 4.8% 
of the sample for any one variable, and was thus 
unlikely to lead to any substantial inflation of statisti-
cal significance.

Statistical analyses

We evaluated the statistical significance of differences 
between company sites using Chi-square tests for cat-
egorical variables and, after equal variance testing, 
Student’s t-tests for continuous variables. We used 
multivariate linear regression analyses to determine 
the independent effects [beta-coefficients and 95% 
confidence intervals (95% CI)] of different measures of 
efforts, rewards, and ERI on one-year change in muscu-
loskeletal pain scores by upper-body region. 

We selected a set of six covariates based on the-
oretical grounds and entered (forced) them into all 
multivariate models; these included (i) age, (ii) gen-
der, (iii) intervention group assignment, (iv) computer 
use in hours per week (both at work and at home), 
(v) months of computer use ≥20 hours/week on and off 
the job (including current call center work), and (vi) pre-
intervention regional mean pain score. We examined 
separately 22 additional potential confounders one at 
a time in multivariate models that already included 
the 6 forced-in covariates. If adding the new covariate 
changed the beta coefficient of the predictor of interest 
by ≥5%, the covariate was considered a confounder and 
included in the fully adjusted model for this predictor. 
This procedure was performed separately for all three 
regional outcomes. 

All analyses used standardized predictor variables 
(predictor variable divided by its mean). Therefore, the 
unit of analyses for efforts, reward, and the ERI ratio was 
the mean of these variables. Using the mean instead of 
the more commonly used standard deviation (SD) allowed 
for a direct interpretation of regression coefficients as the 
mean change in pain score associated with each predictor. 
For each ERI measure, regression results (beta coeffi-
cients, 95% CI and P-values) from three different regres-
sion models are presented in: (i) an unadjusted model, (ii) 
a model including the pre-determined set of (“forced-in”) 
covariates, and (iii) a fully adjusted model including all 
forced-in and empirically identified confounders together. 
All data analyses were performed using Stata Version 9.2 
(StataCorp LP, College Station, TX, USA). 

Results

Characteristics of study participants and call center jobs 

As reported previously, the baseline characteristics of 
the participants did not significantly differ by interven-
tion group (see table 1 in reference 33). The distribution 
of sociodemographic, anthropometric, behavioral, health 
status, ergonomic factors and ERI is listed in table 1, 
including all 28 covariates examined for confounding. 



46	 Scand J Work Environ Health 2010, vol 36, no 1

Effort–reward imbalance and musculoskeletal disorders

Table 1. Baseline characteristics of study participants and call 
center jobs (N=165).

Variable	 N 	 %	 Mean	 SD	 Range

Sociodemographics					   
	 Gender 					   
		  Female	 158	 96	 ·	 ·	 ··
		  Male	 7	 4	 ·	 ·	 ··

	 Age (years)	 ·	 ·	 40.5	 12.1	 19–65

	 Ethnicity					   
		  White	 79	 48	 ·	 ·	 ··
		  African American	 35	 21	 ·	 ·	 ··
		  Asian/Pacific Islanders	 30	 18	 ·	 ·	 ··
		  Hispanic	 21	 13	 ·	 ·	 ··

	 Marital					   
		  Single	 62	 38	 ·	 ·	 ··
		  Married or partnered	 103	 62	 ·	 ·	 ··

	 Education					   
		  High school	 41	 25	 ·	 ·	 ··
		  Some college	 71	 43	 ·	 ·	 ··
		  Graduated ≥4 years college	 53	 32	 ·	 ·	 ··

Behavioral factors					   
	 Current smoker					   
		  Yes	 22	 13	 ·	 ·	 ··
		  No	 143	 87	 ·	 ·	 ··

	 Physical exercise at least once a week					   
		  Yes	 99	 60	 ·	 ·	 ··
		  No	 66	 40	 ·	 ·	 ··

	 Hand-intensive activities  
	 leisure/home (hours/week)	 ·	 ·	 15.2	 12.8	 0–80

	 Driving a car (hours/week)	 ·	 ·	 9.2 	 7.0	 0–60

	 Care-giving at home  
	 (child <2 years, elder care)
		  Yes	 25	 15	 ·	 ·	 ··
		  No	 140	 85	 ·	 ·	 ··

Health status					   
	 Co-morbidity index:  
	 number of doctor-diagnosed  
	 systemic diseases a

		  None	 124	 75	 ·	 ·	 ··
		  One	 36	 22	 ·	 ·	 ··
		  Two	 5 	 3	 ·	 ·	 ··

	 Doctor-diagnosed upper-extremity disorders b

		  Yes	 83	 50	 ·	 ·	 ··
		  No	 82	 50	 ·	 ·	 ··

	 Doctor-diagnosed neck−shoulder disorders c

		  Yes	 78	 47	 ·	 ·	 ··
		  No	 87	 53	 ·	 ·	 ··

	 Surgery of neck–shoulder or upper extremities
		  Yes	 19	 12	 ·	 ·	 ··
		  No	 146	 88	 ·	 ·	 ··

	 Number of doctor-diagnosed low-back disorders d

		  None	 93	 56	 ·	 ·	 ··
		  1	 40	 24	 ·	 ·	 ··
		  2	 25	 15	 ·	 ·	 ··
		  ≥3	 7	 4	 ·	 ·	 ··

	 Any hormone condition e					   
		  Yes	 41	 25	 ·	 ·	 ··
		  No	 124	 75	 ·	 ·	 ··

						         	(continued)

Table 1. Continued.

Variable	 N 	 %	 Mean	 SD	 Range

	 Currently taking antidepressant medications
		  Yes	 16	 10	 ·	 ·	 ··
		  No	 149	 90	 ·	 ·	 ··

	 Any current pain medication use 					   
		  Yes	 85	 52	 ·	 ·	 ··
		  No	 80	 48	 ·	 ·	 ··

	 Neck–shoulder  
	 baseline pain score	 ·	 ·	 2.57	 2.26	 0–9

	 Right upper-extremity  
	 baseline pain score	 ·	 ·	 2.14	 2.35	 0–10

	 Left upper-extremity  
	 baseline pain score	 ·	 ·	 1.39	 2.02	 0–9.5

	 Days off in last year due  
	 to problems in hands,  
	 arms, shoulders, or neck	 ·	 ·	 2.2	 11.3	 0–105

Anthropometrics					   
	 Height (inches) 	 ·	 ·	 64.6 	 3.2	 59–76
	 Weight (pounds)	 ·	 ·	 173.7	 48.9	 98–350
	 Body mass index	 ·	 ·	 29.2 	 7.6	 16–62

Ergonomic factors					   
	 Job title					   
		  Healthcare service  
		  representative	 89	 54	 ·	 ·	 ··
		  Registered nurse	 76	 46	 ·	 ·	 ··

	 Intervention group					   
		  Ergonomic training only	 41	 25	 ·	 ·	 ··
		  Ergonomic training  
		  and trackball	 39	 24	 ·	 ·	 ··
		  Ergonomic training  
		  and armrest	 44	 27	 ·	 ·	 ··
		  Ergonomic training,  
		  trackball, and armrest	 41	 25	 ·	 ·	 ··

	 Past and current computer  
	 use at work and home  
	 ≥20 hours/week (total months)	 ·	 ·	 79.5	 68.9	 1–384

	 Current computer use at work  
	 and home (hours/week)	 ·	 ·	 37.4 	 9.1	 20–80

	 Rest breaks (minutes/day)	 ·	 ·	 48.5	 21.5	 0–90

	 Typing speed (words/minute) 	 ·	 ·	 45.9	 13.3	 20–90

	 Hand discordance regarding mouse use f	 				  
		  No	 152	 92	 ·	 ·	 ··
		  Yes	 13 	 8	 ·	 ·	 ··

Effort–reward imbalance (ERI)					   
	 Efforts 	 ·	 ·	 12.2 	 4.4	 6–26
	 Rewards	 ·	 ·	 49.5 	 6.0	 26–55
	 ERI ratio	 ·	 ·	 0.47	 0.22	 0.20–1.34
	 ERI ratio >1	 5	 3	 ·	 ·	 ··

a Doctor-diagnosed systemic health conditions included in the co-morbidity 
index: diabetes, rheumatoid arthritis, lupus, osteoarthritis, thyroid 
disorders, chronic renal failure, gout, fibromyalgia.

b Regional upper-extremity disorders: tendonitis or muscle strain/sprain in 
fingers, hands, wrists, forearms or elbows, trigger finger, carpal tunnel 
syndrome, ulnar neuropathy, and ganglion. 

c	Regional neck–shoulder disorders: tendonitis or muscle strain/sprain in 
the upper arms/shoulders, neck pain, herniated cervical disk, cervical 
radiculopathy, rotator cuff injury, and thoracic outlet syndrome.

d	Low-back disorders: lower-back pain, herniated lumbar disk, and sciatica;
e	Hormone conditions: current pregnancy, menopause, history of 

oopherectomy
f	Hand discordance: right-hand dominant and using left hand for computer 

mouse or vice versa.
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Subjects were nearly exclusively female (96%), ethni-
cally diverse, on average 41 years old, and 75% were 
college educated. Computer use at home and at work 
combined ranged from 20–80 hours per week (aver-
age 37 hours). Five participants (3%) experienced ERI 
(defined as an ERI ratio >1). Significant differences 
between study sites included: age, ethnicity, marital 
status, computer use at work/home in hours/week, work 
rest break minutes/day, weekly physical exercise, and 
the number of doctor-diagnosed low-back and neck–
shoulder conditions (data not shown). Compared to site 
A, participants from site B were significantly younger, 
more ethnically diverse, less often single, used the com-
puter at work or home about 6 hours per week less, took 
16 minutes less rest break each day, engaged in more 
physical exercise, and reported fewer neck–shoulder and 
low-back diagnoses at baseline. However, baseline ERI, 
pre-intervention pain scores and pain medication use did 
not significantly differ across the two sites. Likewise, 
missed days of work from upper-extremity problems, 
current functional status, sleeping and any self-report 
of housekeeping problems did not significantly differ 
between sites (data not shown). 

Prevalence and one-year change of upper-body 
regional pain 

Mean neck–shoulder pain scores for all participants 
in all treatment interventions decreased among 64% 
of participants, did not change in 11%, and increased 
in 25%. The respective proportions for the right upper 
extremity were 53%, 10%, and 37%, and 43%, 21%, and 
36% for the left upper extremity. The average pre- minus 
post-intervention pain scores were -0.88 (SD 1.64, range 
-8.73–3.07) for the neck–shoulder region; -0.48 (SD 
1.82, range -7.09–6.33) for the right upper extremity; 
and -0.26 (SD 1.46, range -7.09–4.79) for the left upper 

extremity. Over the 52 weeks of the study, 112 of the 
165 participants (68%) reported upper-body pain levels 
of >5 (on a scale from 0–10) or use of pain medication 
for ≥2 days for upper-body pain in the week preceding 
the weekly survey and became eligible for a medical 
physical examination. The resulting medical diagnoses 
of these musculoskeletal disorders have been reported 
elsewhere (33).

Effort–reward imbalance and one-year change in 
neck–shoulder pain

Table 2 shows standardized beta coefficients with 95% 
CI and P-values for the effect of efforts, rewards, and 
the ERI ratio on one-year change in neck–shoulder 
pain. Neither crude nor adjusted coefficients showed 
any statistically significant effects. Effect sizes changed 
considerably after adjustment for covariates; effects 
changed in the expected direction. 

Effort–reward imbalance and one-year change in right 
upper–extremity pain

Table 3 shows standardized beta coefficients with 
95% CI and P-values for the effect of efforts, rewards, 
and the ERI ratio on one-year change in right upper-
extremity pain. There was a statistically significant 
linear relationship between efforts at work and change in 
pain scores – average efforts were associated with a 0.82 
increase in the right upper-extremity pain score from 
pre- to post intervention. For rewards received at work, 
the results were not statistically significant, although the 
P-value was rather small (0.057) and a substantial effect 
was observed in the expected direction, ie, higher reward 
scores were associated with decreased pain change 
scores (-1.76) in the fully adjusted model. The ERI ratio 
significantly predicted change in right upper-extremity 

Table 2. Effort–reward imbalance (ERI) and one-year change in neck–shoulder pain among call center operators. Results from linear 
regression analyses. (95% CI= 95% confidence interval)

Job factor	 N	 Model 1 (unadjusted)	 Model 2 (adjusted for forced-in covariates only) a	 Model 3 (fully adjusted) b

		  Coefficient	 95% CI	 P-value	 Coefficient	 95% CI	 P-value	 Coefficient	 95% CI	 P-value

Efforts c	 164	 -0.43	 -1.08–0.21	 0.189	 -0.20	 -0.78–0.38	 0.501	 0.09	 -0.58–0.76	 0.783
Rewards c	 164	 1.97	 -0.11–4.04	 0.063	 0.57	 -1.32–2.47	 0.553	 -0.11	 -2.27–2.05	 0.920
ERI ratio c	 163	 -0.40	 -0.92–0.11	 0.125	 -0.19	 -0.65–0.27	 0.420	 0.06	 -0.48–0.60	 0.821
ERI ratio >1	 163	 -0.48	 -2.08–1.10	 0.544	 -.32	 -1.63–1.00	 0.635	 0.03 	 -1.43–1.49	 0.970

a Model 2: adjusted for age, gender, intervention group, computer hours/week at both work and home, months of computer use ≥20 hours/week in previous 
jobs and current call center job; mean pre-intervention pain score for neck−shoulder region

b Model 3: model 2 plus adjustment for ethnicity, education, marital status, body mass index, current smoking, leisure time physical activity, driving hours/
week, co-morbidity index, surgery on neck/upper extremities, low-back disorders, hand discordance regarding mouse use, typing speed in words/minute, 
and job title (registered nurse or service representative)

c This continuous exposure measure was standardized by dividing each value by the mean. Therefore the unit of analysis for this measure equals the average 
exposure in this sample.
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pain. The mean ERI ratio was associated with an aver-
age increase of 0.73 units of pain change scores. The 
dichotomous measure of ERI ratio >1 showed a slightly 
larger effect (1.02), but this result was not statistically 
significant, most likely due to the very small number of 
subjects with an ERI ratio >1 (N=5). For all measures 
(efforts, rewards, and ERI ratios), effect sizes changed 
considerably after adjustment for covariates, and, in the 
case of rewards, also the direction of the effect changed 
after adjustment. 

Effort–reward imbalance and one-year change in left 
upper-extremity pain scores

Table 4 shows standardized beta coefficients with 95% 
CI and P-values for the effect of efforts, rewards, and 
ERI ratio on one-year change in left upper-extremity 
pain. Neither crude nor adjusted coefficients showed 
any statistically significant effects, although, all 
adjusted effects were in the expected direction. Again, 
effect sizes changed considerably after adjustment for 
covariates.

Discussion

Prevalence of effort–reward imbalance

The average ERI ratio score observed in call center com-
puter operators was 0.47 (SD 0.22) at both work sites. This 
ratio is slightly lower but still comparable to a group of Jap-
anese information technology/computer operators working 
overtime [ERI ratio score 0.50, SD 0.42 (35)], a representa-
tive sample of the Danish workforce [0.53, SD 0.18 (36)], 
municipal employees in Norway [0.60, SD 0.30 (37)], and 
injured hospital employees [0.61, SD 0.34 (unpublished 
data 19)]. Slightly higher ERI ratios can be calculated 
for European nurses in hospitals (0.69), nursing homes 
(0.63), and home care settings (0.51) using data provided 
by the NEXT (nurses’ early exit) study (38). Substantially 
higher ERI ratios were reported for young Swiss physi-
cians [0.78, SD 0.28 (39)], San Francisco public transit 
operators [0.81, SD 0.44 (20)], and Las Vegas hotel room 
cleaners [1.33, SD 0.95 (40)].

Those call center employees in the upper quartile of 
the ERI ratio had a mean ratio of 0.79 (SD 0.18) (data 

Table 3. Effort–reward imbalance (ERI) and one-year change in right upper-extremity pain among call center operators. Results from 
linear regression analyses. (95% CI=95% confidence interval)

Job factor	 N	 Model 1 (unadjusted)	 Model 2 (adjusted for forced-in covariates only) a	 Model 3 (fully adjusted) b

		  Coefficient	 95% CI	 P-value	 Coefficient	 95% CI	 P-value	 Coefficient	 95% CI	 P-value

Efforts c	 164	 0.13	 -0.60–0.87	 0.719	 0.55	 -0.21–1.30	 0.156	 0.82	 0.01–1.62	 0.046
Rewards c	 164	 0.80	 -1.20–2.80	 0.429	 -1.42	 -3.40–0.56	 0.158	 -1.76	 -3.5–0.05	 0.057
ERI ratio c	 163	 0.02	 -0.49–0.54	 0.930	 0.51	 -0.08–1.09	 0.091	 0.73	 0.1–1.32	 0.018
ERI ratio >1	 163	 0.34	 -0.80–1.49	 0.553	 0.98	 -0.66–2.61	 0.240	 1.02	 -0.61–2.66	 0.217

a Model 2: adjusted for age, gender, intervention group, computer hours/week at both work and home, months of computer use ≥20 hours/week in previous 
jobs and current call center job; mean pre-intervention pain score for right upper extremity

b Model 3: model 2 plus adjustment for ethnicity, marital status, body mass index, current smoking, weekly leisure time physical activity, surgery on neck/
upper extremities, hand discordance regarding mouse use, typing speed in words/minute, and job title (registered nurse or service representative)

c This continuous exposure measure was standardized by dividing each value by the mean. Therefore the unit of analysis for this measure equals the average 
exposure in this sample.

Table 4. Effort–reward imbalance (ERI) and one-year change in left upper-extremity pain among call center operators. Results from linear 
regression analyses. (95% CI= 95% confidence interval)

Job factor	 Model 1 (unadjusted)	 Model 2 (adjusted for forced-in covariates only) a	 Model 3 (fully adjusted) b

	 Coefficient	 95% CI	 P-value	 Coefficient	 95% CI)	 P-value	 Coefficient	 95% CI	 P-value

Efforts c	 -0.20	 -0.75–0.36	 0.484	 0.05	 -0.51–0.61	 0.859	 0.24	 -0.33–0.76	 0.404
Rewards c	 0.54	 -1.02–2.10	 0.498	 -0.48	 -1.98–1.01	 0.524	 -0.77	 -2.28–0.74	 0.314
ERI ratio c	 0.14	 -0.55–0.28	 0.508	 0.14	 -0.30–0.58	 0.522	 0.29	 -0.15–0.74	 0.195
ERI ratio >1	 0.16	 -0.76–1.08	 0.736	 0.73	 -0.41–1.87	 0.210	 0.71	 -0.53–1.95	 0.257

a Model 2: adjusted for age, gender, intervention group, computer hours/week at both work and home, months of computer use ≥20 hours/week in previous 
jobs and current call center job; mean pre-intervention pain score for left upper extremity

b Model 3: model 2 plus adjustment for education, marital status, body mass index, current smoking, weekly leisure time physical activity, hand discordance 
regarding mouse use, typing speed in words/minute, job title (registered nurse or service representative), and care-giving at home

c This continuous exposure measure was standardized by dividing each value by the mean. Therefore the unit of analysis for this measure equals the average 
exposure in this sample.
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not shown). Only 3% of call center operators had an 
ERI ratio >1. This is similar to the prevalence among 
hospital nurses (4.5%) and lower compared to other 
hospital staff (10.6%) in San Francisco (unpublished 
data 19). The prevalence of ERI ratio >1 varies consider-
ably across occupations. For example, ERI prevalence 
was 7.34% among nearly 3000 female employees, aged 
35–50 years, at a French electric utility company (41). 
On the other hand, among low-wage hotel room cleaners 
at unionized hotels in Las Vegas the proportion was 54% 
(40). These differences are likely a reflection of different 
work environments. HMO call center employees receive 
higher salaries for their professional skill set compared 
to low-wage service workers. Respect from others may 
be higher for professional and/or highly skilled workers; 
employees in a HMO call center work in positions that 
match their educational background, thereby lowering 
the potential for imbalance in this sample. Call center 
employees of this HMO performed medical triage and 
gave patients advice and were less involved in billing 
tasks that are characteristic for call center employees 
in the financial services sector. Although they also per-
formed routine patient visit scheduling tasks, our results 
may not be generalizable to call center employees in 
other industries.

Prevalence and severity of upper-body regional pain

Most studies of musculoskeletal problems among com-
puter users reported the prevalence of any pain in the 
prior year and did not gather information on pain sever-
ity. A study of 206 engineers used a 10-point scale to 
report pain severity similar to the one used in our study 
(42). Compared to our call center employees, these 
engineers (who had more control of their work tasks 
than call center operators) reported lower pain sever-
ity in the neck–shoulder (1.9 versus 2.4), right upper 
extremity (1.7 versus 2.3), and left upper extremity (0.7 
versus 1.5). 

Our case definition for regional musculoskeletal 
disorders (eg, pain >5 or use of pain medications for ≥2 
days in past week) was also used in a study of 632 newly 
hired computer users (clerical, professional, etc) (24). 
Compared to the call center operators, they reported a 
similar prevalence of moderate or severe neck–shoulder 
pain (10% versus 13%) but a lower prevalence of upper-
extremity cases (4% versus 17%). These differences may 
be due to differences in hours per week of computer use 
or number of years using a computer. 

Association between ERI and upper-body regional pain

A significant relationship was found between the aver-
age ERI ratio and one-year change in right upper-
extremity pain with an average increase of 0.73 units 

on the 0–10 unit pain scale. Given that the average right 
upper-extremity pain score at baseline was only 2.14, 
this change represented a 30% increase in average pain 
levels. This increase in pain was comparable in size to 
the opposite (protective) effect of the successful ergo-
nomic armboard intervention which led to a reduction 
of 0.48 units on the 0–10 right upper-extremity pain 
scale in this population (33). No significant effects were 
observed on left upper-extremity or neck–shoulder pain, 
although the non-significant effects of ERI were in the 
same direction for all upper-body regional pain.

To our knowledge, this is the first prospective 
study on the relationship between ERI and upper-body 
regional pain. A cross-sectional study of hotel room 
cleaners found significant relationships between ERI 
and severe shoulder pain – room cleaners with an ERI 
ratio >1 were three times as likely to report severe or 
very severe shoulder pain (adjusted odds ratio 2.99, 95% 
CI 1.95–4.59, P=0.000) (18). In a case-control study 
among hospital workers, those with an ERI ratio >1 
were 1.3 times as likely to have a neck or upper-extrem-
ity injury (OR 1.3, 95% CI 1.1–1.7), after adjusting for 
educational level, annual family income, job strain, 
ergonomic assessment, and job group (19).

Biological plausibility

According to recent reviews (6, 43) there is empirical 
evidence for several possible pathways for psychosocial 
factors leading alone or in combination to these out-
comes. Laboratory studies have shown that biomechani-
cal load may increase with simulated work environment 
stressors even if the external exposure is kept constant 
or is reduced (44). This increased muscle force produc-
tion under conditions of psychosocial stress may hamper 
relaxation of the muscle fibers during (micro) pauses 
and impair circulation and the supply of oxygen to tis-
sues as hyperventilation can do. Stress may also lead to 
increased and sustained muscle forces due to inadequate 
unwinding (45) and altered movement patterns (46). In 
addition, prolonged stress may degrade tissue quality 
and the ability of tissues to recover due to hormonal 
processes (44). For pain outcomes, other authors have 
also mentioned decreased pain thresholds as a plausible 
mechanism (47, 48).

Strengths and limitations

The prospective design of this study allowed for a causal 
interpretation of results. Another important strength 
of this study was the comprehensive adjustment for 
possible confounding factors in multivariate models, 
especially for physical workload and ergonomic factors. 
In fact, ergonomic factors were directly monitored and 
partly controlled by the investigators because the study 
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population was enrolled in a randomized controlled 
ergonomic intervention trial with investigators adjusting 
work stations and evaluating work time and work station 
changes through site visits and weekly questionnaires 
during follow-up. In addition, the adjusted regression 
models controlled for typing speed and current and past 
exposure to computer work both at work and at home 
thus taking both past and current physical workload 
into account. Together with the fact that all participants 
performed virtually identical jobs, the possible effects of 
biomechanical risk factors were tightly controlled in this 
study, addressing an important methodological problem 
in the literature on psychosocial job factors as mentioned 
in the introduction. The importance of adequate adjust-
ment for physical workload is stressed by the fact that 
the effects of efforts and rewards without adjustment for 
physical workload have been in the opposite direction as 
expected and, as our adjusted models show, would not 
have been detected without adequate adjustment for bio-
mechanical factors. As an aside, this study provides an 
example of negative confounding where the unadjusted 
effect estimate is pushed closer to the null hypothesis (ie, 
the presence of confounding minimizes the true effect 
size and introduces a conservative bias) (49). This type 
of confounding often goes undetected because research-
ers tend to abandon multivariate adjusted analyses when 
unadjusted analyses show no significant effect. 

In addition, our study controlled for physical 
demands at home in terms of the number of individuals 
in the household (young children or elderly) requir-
ing care, which was relevant for a nearly exclusive 
female worker population, resulting in slightly stronger 
effects of ERI on upper-extremity pain (4–10%, data 
not shown). 

Adjustment for individual health behaviors and 
body mass index may be considered “over-adjustment” 
because these “individual worker characteristics” may 
in part be caused by work stressors or reflect attempts 
to cope with them. In fact, several prospective studies 
have shown that psychosocial job factors predict these 
behavioral factors (50, 51). Similarly, adjustment for 
low-back disorders may be considered as over-adjust-
ment because low-back pain itself has been predicted by 
ERI in another prospective study controlling for physi-
cal workload (20). Adjustment for history of surgery or 
pre-existing conditions in the upper-body region is also 
a rather conservative approach because these condi-
tions may have been caused by the same type of work. 
Adjustment for baseline pre-intervention regional pain 
scores, however, is necessary because it determines the 
possible change in pain scores and reduces the influence 
of regression to the mean. Systematic chronic diseases 
may predispose workers to painful upper-extremity 
or neck–shoulder disorders and have been accounted 
for by adjustment for any history of hormone-related 

conditions (eg, current pregnancy, menopause, history of 
oopherectomy) and doctor-diagnosed rheumatoid arthri-
tis, lupus, osteoarthritis, fibromyalgia, gout, diabetes, 
thyroid disorders, and chronic renal failure.  

Limitations of this study included its relatively small 
sample size and limited variation of exposure within a 
single occupation. The former tends to limit statistical 
power and the latter reduces the chance to detect sub-
stantial effects. In fact, ERI ratios were comparatively 
low and ERI (defined by an ERI ratio >1) was nearly 
absent in this population. The lack of a statistically sig-
nificant effect of ERI on left upper-extremity pain was 
in large part due to the small sample size and should be 
interpreted with caution because the observed effect size 
of ERI was still positive and only moderately smaller 
than the one observed for the right extremity. Since the 
majority of computer operators reported right-hand dom-
inance (92%) and right-hand mouse use (98%), the right 
hand is, therefore, expected to be at higher risk for the 
development of musculoskeletal problems. In fact, one 
of the most severe hand disorders, such as carpal-tunnel 
syndrome, has previously been shown to be significantly 
associated with mouse but not keyboard use (32). The 
observed effect of ERI on neck or shoulder pain, on the 
other hand, was two orders of magnitude smaller then 
the effects on the upper extremities. Therefore, even if 
this effect had become statistically significant in a study 
with a much larger sample size, its small size would 
probably still render it clinically insignificant.

Another limitation of the study was that both ERI 
and health outcomes were assessed by self-report, which 
may introduce common method variance bias if partici-
pants were reporting bad health or poor working condi-
tions due to a third factor, such as social desirability, 
a tendency to complain, or negative affectivity (52, 
53). The ERI questionnaire asks not only about factual 
efforts and rewards at work, but also accounts for the 
extent to which the worker feels distressed by these 
facts. In the original formulation of the ERI instrument, 
a third scale known as “work-related over-commitment” 
was developed to account for differences in workers that 
may influence or interact with perceived working con-
ditions. Following common practice among other ERI 
researchers and because of space limitations, our survey 
did not include this extra scale. However, adjustment 
for over-commitment may have been of questionable 
value given that over-commitment effects were previ-
ously only observed in men but not women (41). In 
addition, what has been conceptualized as a personality 
trait similar to Type A behavior or “workaholism” may 
be interpreted, itself, as a response to job stressors. ERI 
is also strongly associated with burnout among nurses 
in several countries (54). However, in order to account 
for some possible determinants of reporting behavior, 
we controlled for age, gender, marital status, ethnicity, 
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education, job title, and seniority. In addition, the high 
study participation rate of 68% and small loss to follow-
up (9%) make it unlikely that our sample constituted a 
special group of individuals who tend to complain for 
no reason. Therefore, we believe that the association 
between ERI and upper-extremity pain needs to be con-
sidered mostly a reflection of working conditions rather 
than individual workers’ character traits.

Concluding remarks

This was the first study investigating prospectively the 
effect of ERI on upper-body regional pain among call 
center computer operators. A significant relationship 
was found between the average ERI ratio and a one-year 
change in right upper-extremity pain even after adjust-
ment for several factors (ie, pre-existing pain and health 
conditions, job title, current and past physical workload, 
ergonomic workstation design, typing speed, and several 
anthropometric, sociodemographic, and behavioral risk 
factors). Control for confounding, especially physi-
cal workload and ergonomic work station design, was 
essential for the identification of ERI as a risk factor for 
increased right upper-extremity pain at work.

Acknowledgements

This study was supported in part by a grant (RO1 
OH04253) from the Centers for Disease Control/
National Institute for Occupational Safety and Health. 
The authors wish to thank the Kaiser-Permanente call 
center management, the employees, and the unions for 
their cooperation in the study.

References

  1.	 Panel on Musculoskeletal Disorders and the Workplace, 
Commission on Behavioral and Social Sciences and Education, 
National Research Council. Musculoskeletal disorders and the 
workplace: low back and upper extremities. Washington (DC): 
National Academy Press; 2001.

  2.	 Krause N, Frank JW, Dasinger LK, Sullivan TJ, Sinclair SJ. 
Determinants of duration of disability and return-to-work after 
work-related injury and illness: challenges for future research. 
Am J Ind Med. 2001;40(4):464–84.

  3.	 Frank J, Brooker A, Demaio S, Kerr M, Maetzel A, Shannon 
H, et al. Disability due to occupational low back pain:  what 
do we know about its prevention. Toronto (Canada): Institute 
for Work & Health; 1995.

  4.	 Frank JW, Brooker AS, DeMaio SE, Kerr MS, Maetzel A, 
Shannon HS, et al. Disability resulting from occupational 

low back pain. part II: what do we know about secondary 
prevention?: a review of the scientific evidence on prevention 
after disability begins. Spine. 1996;21(24):2918–29.

  5.	 Hartvigsen J, Lings S, Leboeuf-Yde C, Bakketeig L. 
Psychosocial factors at work in relation to low back pain 
and consequences of low back pain; a systematic, critical 
review of prospective cohort studies. Occup Environ Med. 
2004;61(1):e2.

  6.	 Bongers PM, Ijmker S, van den Heuvel S, Blatter BM, 
Epidemiology of work related neck and upper limb problems: 
psychosocial and personal risk factors (part I) and effective 
interventions from a bio behavioural perspective (part II). J 
Occup Rehabil. 2006;16(3):279–302.

  7.	 Frank JW, Kerr MS, Brooker AS, DeMaio SE, Maetzel A, 
Shannon HS, et al. Disability resulting from occupational low 
back pain, part I: what do we know about primary prevention?: 
a review of the scientific evidence on prevention before 
disability begins. Spine. 1996;21(24):2908–17.

  8.	 Krause N, Rugulies R, Ragland DR, Syme SL. Physical 
workload, ergonomic problems, and incidence of low back 
injury: a 7.5-year prospective study of San Francisco transit 
operators. Am J Ind Med. 2004;46(6):570–85.

  9.	 Karasek R, Theorell T. Healthy work: stress, productivity, 
and the reconstruction of working life. New York (NY): Basic 
Books, Harper Collins Publishers; 1990. p 381.

10.	 Johnson JV, Hall EM, Theorell T. Combined effects of job 
strain and social isolation on cardiovascular disease morbidity 
and mortality in a random sample of the Swedish male working 
population. Scand J Work Environ Health. 1989;15(4):271–9.

11.	S iegrist J. Adverse health effects of high-effort/low-reward 
conditions. J Occup Health Psychol. 1996;1(1):27–41.

12.	S iegrist J, Starke D, Chandola T, Godin I, Marmot M, 
Niedhammer I, et al. The measurement of effort-reward 
imbalance at work: European comparisons. Soc Sci Med. 
2004;58(8):1483–99.

13.	 Tsutsumi A, Kawakami N. A review of empirical studies 
on the model of effort-reward imbalance at work: reducing 
occupational stress by implementing a new theory. Soc Sci 
Med, 2004;59(11):2335–59.

14.	 van Vegchel N, de Jonge J, Bosma H, Schaufeli W. Reviewing 
the effort-reward imbalance model: drawing up the balance of 
45 empirical studies. Soc Sci Med. 2005;60(5):1117–31.

15.	 Kivimäki M, Virtanen M, Elovainio M, Kouvonen A, 
Väänänen A, Vahtera J. Work stress in the etiology of coronary 
heart disease—a meta-analysis. Scand J Work Environ Health. 
2006;32(6):431–42.

16.	 Kivimäki M, Vahtera J, Elovainio M, Virtanen M, Siegrist J. 
Effort-reward imbalance, procedural injustice and relational 
injustice as psychosocial predictors of health: complementary or 
redundant models? Occup Environ Med. 2007;64(10):659–65.

17.	S tansfeld S, Candy B. Psychosocial work environment and 
mental health—a meta-analytic review. Scand J Work Environ 
Health. 2006;32(6):443–62.

18.	 Burgel B. Psychosocial work factors and shoulder pain in hotel 
room cleaners [dissertation]. San Francisco (CA): Department 

http://www.ncbi.nlm.nih.gov/sites/entrez/11598995
http://www.ncbi.nlm.nih.gov/sites/entrez/15551390
http://www.sjweh.fi/show_abstract.php?abstract_id=1852
http://www.sjweh.fi/show_abstract.php?abstract_id=1049
http://www.sjweh.fi/show_abstract.php?abstract_id=1049
http://www.sjweh.fi/show_abstract.php?abstract_id=1050
http://www.sjweh.fi/show_abstract.php?abstract_id=1050


52	 Scand J Work Environ Health 2010, vol 36, no 1

Effort–reward imbalance and musculoskeletal disorders

of Community Helath Services, School of Nursing; 2008. 
Available from http://proquest.umi.com/pqdweb?did=1663
060861&sid=1&Fmt=2&clientId=48051&RQT=309&VN
ame=PQD.

19.	 Gillen M, Yen IH, Trupin L, Swig L, Rugulies R, Mullen K, et 
al. The association of socioeconomic status and psychosocial 
and physical workplace factors with musculoskeletal injury in 
hospital workers. Am J Ind Med. 2007;50(4):245–60.

20.	 Rugulies R, Krause N. Effort-reward imbalance and incidence 
of low back and neck injuries in San Francisco transit 
operators. Occup Environ Med. 2008;65(8):525–33.

21.	 Norman K, Nilsson T, Hagberg M, Tornqvist EW, Toomingas 
A. Working conditions and health among female and male 
employees at a call center in Sweden. Am J Ind Med. 
2004;46(1):55–62.

22.	 Hales TR, Sauter SL, Peterson MR, Fine LJ, Putz-Anderson 
V, Schleifer LR, et al. Musculoskeletal disorders among visual 
display terminal users in a telecommunications company. 
Ergonomics. 1994;37(10):1603–21.

23.	 Palmer KT, Cooper C, Walker-Bone K, Syddall H, Coggon 
D. Use of keyboards and symptoms in the neck and arm: 
evidence from a national survey. Occup Med (Lond). 
2001;51(6):392–5.

24.	 Gerr F, Marcus M, Ensor C, Kleinbaum D, Cohen S, Edwards 
A, et al. A prospective study of computer users, I: study design 
and incidence of musculoskeletal symptoms and disorders. Am 
J Ind Med. 2002;41(4):221–35.

25.	M arcus M, Gerr F, Monteilh C, Ortiz DJ, Gentry E, Cohen S, 
et al. A prospective study of computer users, II: postural risk 
factors for musculoskeletal symptoms and disorders. Am J Ind 
Med. 2002;41(4):236–49.

26.	 Kryger AI, Andersen JH, Lassen CF, Brandt LP, Vilstrup I, 
Overgaard E, et al. Does computer use pose an occupational 
hazard for forearm pain; from the NUDATA study. Occup 
Environ Med. 2003;60(11):e14.

27.	 Lassen CF, Mikkelsen S, Kryger AI, Brandt LP, Overgaard E, 
Thomsen JF, et al. Elbow and wrist/hand symptoms among 
6,943 computer operators: a 1-year follow-up study (the 
NUDATA study). Am J Ind Med. 2004;46(5):521–33.

28.	 Andersen JH, Harhoff M, Grimstrup S, Vilstrup I, Lassen CF, 
Brandt LP, et al. Computer mouse use predicts acute pain but 
not prolonged or chronic pain in the neck and shoulder. Occup 
Environ Med. 2008;65(2):126–31.

29.	S auter SL, Schleifer LM, Knutson SJ. Work posture, 
workstation design, and musculoskeletal discomfort in a VDT 
data entry task. Hum Factors. 1991;33(2):151–67.

30.	 Faucett J, Rempel D. VDT-related musculoskeletal symptoms: 
interactions between work posture and psychosocial work 
factors. Am J Ind Med. 1994;26(5):597–612.

31.	 Hjelm EW, Kalrqvist L, Nygard CH, Selin K, Wiktorin C, 
Winkel J, et al. Validity of questions regarding physical activity 
and perceived exertion in occupation work. In: 11th Congress 
of the International Ergonomics Association; 22–27 July 1991; 
London, England: Taylor & Francis; 1991.

32.	 Andersen JH, Thomsen JF, Overgaard E, Lassen CF, Brandt 

LP, Vilstrup I, et al. Computer use and carpal tunnel syndrome: 
a 1-year follow-up study. JAMA. 2003;289(22):2963–9.

33.	 Rempel DM, Krause N, Goldberg R, Benner D, Hudes M, 
Goldner GU. A randomised controlled trial evaluating the 
effects of two workstation interventions on upper body pain 
and incident musculoskeletal disorders among computer 
operators. Occup Environ Med. 2006;63(5):300–6.

34.	S iegrist J. Effort-reward imbalance at work questionnaire: 
construction of scores, statistical analysis and psychometric 
information [Internet]. Düsseldorf (Germany): Department 
of Medical Sociology, Düsseldorf University; 2006 [cited 25 
February 2007. Available from: http://www.uni-duesseldorf.de/
medicalsociology/fileadmin/Bilder_Dateien/download/ERI_
Texte_und_Grafiken/Eriquest_Psychometric_information.pdf

35.	 Takaki J, Nakao M, Karita K, Nishikitani M, Yano E. 
Relationships between effort-reward imbalance, over-
commitment, and fatigue in Japanese information-technology 
workers. J Occup Health. 2006;48(1):62–4.

36.	 Rugulies R, Norborg M, Sorensen TS, Knudsen LE, Burr 
H. Effort-reward imbalance at work and risk of sleep 
disturbances: cross-sectional and prospective results from the 
Danish Work Environment Cohort Study. J Psychosom Res. 
2009;66(1):75–83.

37.	 Lau B. Effort-reward imbalance and overcommitment in 
employees in a Norwegian municipality: a cross sectional 
study. J Occup Med Toxicol. 2008;3:9.

38.	S imon M, Tackenberg P, Nienhaus A, Estryn-Behar M, 
Conway PM, Hasselhorn HM. Back or neck-pain-related 
disability of nursing staff in hospitals, nursing homes and home 
care in seven countries – results from the European NEXT-
Study. Int J Nurs Stud. 2008;45(1):24–34.

39.	 Buddeberg-Fischer B, Klaghofer R, Stamm M, Siegrist 
J, Buddeberg C. Work stress and reduced health in young 
physicians: prospective evidence from Swiss residents. Int 
Arch Occup Environ Health. 2008;82(1):31–8.

40.	 Krause N, Rugulies R, Maslach C. Effort-reward imbalance at 
work and self-rated health of Las Vegas hotel room cleaners. 
Am J Ind Med. 2009. [Epub ahead of print]

41.	 Niedhammer I, Tek ML, Starke D, Siegrist J. Effort-reward 
imbalance model and self-reported health: cross-sectional and 
prospective findings from the GAZEL cohort. Soc Sci Med. 
2004;58(8):1531–41.

42.	 Conlon C, Krause N, Rempel D. A randomised controlled 
trial evaluating an altrenative mouse and forearme support on 
upper body discomfort and musculoskeletal disorders among 
engineers. Occup Environ Med. 2008;65(5):311–8.

43.	 Huang GD, Feuerstein M, Sauter SL. Occupational stress and 
work-related upper extremity disorders: concepts and models. 
Am J Ind Med. 2002;41(5):298–314.

44.	 Visser B, van Dieen JH. Pathophysiology of upper extremity 
muscle disorders. J Electromyogr Kinesiol. 2006;16(1):1–16.

45.	 Lundberg U, Dohns IE, Melin B, Sandsjo L, Palmerud G, 
Kadefors R, et al. Psychophysiological stress responses, 
muscle tension, and neck and shoulder pain among supermarket 
cashiers. J Occup Health Psychol. 1999;4(3):245–55.

http://proquest.umi.com/pqdweb?did=1663060861&sid=1&Fmt=2&clientId=48051&RQT=309&VName=PQD
http://proquest.umi.com/pqdweb?did=1663060861&sid=1&Fmt=2&clientId=48051&RQT=309&VName=PQD
http://proquest.umi.com/pqdweb?did=1663060861&sid=1&Fmt=2&clientId=48051&RQT=309&VName=PQD
http://www.ncbi.nlm.nih.gov/sites/entrez/18056748
http://www.ncbi.nlm.nih.gov/pubmed/7832208
http://www.ncbi.nlm.nih.gov/sites/entrez/16621849
http://www.uni-duesseldorf.de/medicalsociology/fileadmin/Bilder_Dateien/download/ERI_Texte_und_Grafiken/Eriquest_Psychometric_information.pdf
http://www.uni-duesseldorf.de/medicalsociology/fileadmin/Bilder_Dateien/download/ERI_Texte_und_Grafiken/Eriquest_Psychometric_information.pdf
http://www.uni-duesseldorf.de/medicalsociology/fileadmin/Bilder_Dateien/download/ERI_Texte_und_Grafiken/Eriquest_Psychometric_information.pdf
http://www.ncbi.nlm.nih.gov/sites/entrez/19650079
http://www.ncbi.nlm.nih.gov/sites/entrez/17626135


	 Scand J Work Environ Health 2010, vol 36, no 1	 53

Krause et al

46.	 Van Galen GP, Muller ML, Meulenbroek RG, Van Gemmert 
AW. Forearm EMG response activity during motor 
performance in individuals prone to increased stress reactivity. 
Am J Ind Med. 2002;41(5):406–19.

47.	 Hägg GM, Aström A. Load pattern and pressure pain threshold 
in the upper trapezius muscle and psychosocial factors in 
medical secretaries with and without shoulder/neck disorders. 
Int Arch Occup Environ Health. 1997;69(6):423–32.

48.	 Theorell T, Nordemar R, Michélsen H. Pain thresholds 
during standardized psychological stress in relation to 
perceived psychosocial work situation. J Psychosom Res. 
1993;37(3):299–305.

49.	M ehio-Sibai A, Feinleib M, Sibai TA, Armenian HK. A positive 
or a negative confounding variable?: a simple teaching aid for 
clinicians and students. Ann Epidemiol. 2005;15(6):421–3.

50.	 Rugulies R, Scherzer T, Krause N. Associations between 
psychological demands, decision latitude, and job strain with 

smoking in female hotel room cleaners in Las Vegas. Int J 
Behav Med. 2008;15(1):34–43.

51.	S iegrist J, Rödel A. Work stress and health risk behavior. Scand 
J Work Environ Health. 2006;32(6):473–81.

52.	 Kasl S, Jones B. An epidemiological perspective on research 
design, measurement, and surveillance strategies. In: Quick 
J, Tetrick L, editors. Occupational health psychology. 
Washington (DC): American Psychological Association; 2003. 
p 379–98.

53.	 Watson D, Pennebaker JW. Health complaints, stress and 
distress, exploring the central role of negative affectivity. 
Psychol Rev. 1989;96:234–54.

54.	 Hasselhorn HM, Tackenberg P, Peter R. Effort-reward 
imbalance among nurses in stable countries and in countries 
in transition. Int J Occup Environ Health. 2004;10(4):401–8.

Received for publication: 10 July 2009

http://www.ncbi.nlm.nih.gov/sites/entrez/18444019
http://www.ncbi.nlm.nih.gov/sites/entrez/18444019
http://www.sjweh.fi/show_abstract.php?abstract_id=1052
http://www.sjweh.fi/show_abstract.php?abstract_id=1052

