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Interaction between postural risk factors and job strain on self-reported
musculoskeletal symptoms among users of video display units: a three-year

prospective study

by Julie Lapointe, MSc," 2 Clermont E Dionne, PhD,? 3 Chantal Brisson, PhD," 2 Sylvie Montreuil, PhD 4

Lapointe J, Dionne CE, Brisson C, Montreuil S. Interaction between postural risk factors and job strain on self-
reported musculoskeletal symptoms among users of video display units: a three-year prospective study. Scand J
Work Environ Health. 2009;35(2):134-144.

Objective This study investigated a possible interaction between postural risk factors and job strain on the
incidence proportion of self-reported musculoskeletal symptoms in the regions of the shoulder—neck, lower
back, and upper limbs.

Methods A cohort of white-collar workers (N=2431) was assessed with a self-administered questionnaire
regarding postural risk factors and job strain at work. After a three-year follow-up, the six-month incidence
proportion of musculoskeletal symptoms in the three body regions was measured with a modified version of the
Nordic questionnaire. The analyses were stratified for gender. Interaction was defined as a departure from the
addition of effects of individual risk factors, and its importance was estimated from the attributable proportion
due to interaction and its 95% confidence interval (95% CI).

Results A significant attributable proportion of 0.80 (95% CI 0.23-1.37) due to interaction between postural risk
factors and job strain was observed for men in the lower back region. An indication of interaction was found for
women with attributable proportions due to interaction of 0.44 (95% CI-0.06-0.94), 0.27 (95% CI -0.34-0.88) and
0.36 (95% CI -0.33-1.05) for the regions of the shoulder-neck, lower back, and upper limbs respectively.

Conclusions The simultaneous presence of postural risk factors and job strain seems to increase the patho-
genic effect of each exposure on the incidence proportion of musculoskeletal symptoms. This interaction effect
is important for work intervention practices as success in decreasing any of these two risk factors could have
the additional benefit of reducing up to 80% of new cases of musculoskeletal symptoms among participants
exposed to both risk factors.

Key terms combined effect; computer work; etiology; Karasek’s model; occupational disease; psychosocial

factor; workload.

Musculoskeletal symptoms are extremely frequent in
the working population (1, 2). In Québec, Canada, as in
the European Union, the human, social and economic
burden associated with this group of health problems is
constantly increasing (3, 4). Workers who use a video
display unit (VDU) are particularly susceptible to the
development of musculoskeletal symptoms, the reported
prevalence being as high as 50% (5). Even if current
scientific hypotheses support the multifactorial etiology
of musculoskeletal symptoms (6), causal mechanisms
(such as interaction between risk factors) are not well

N R

documented. Researchers have investigated the individ-
ual effects of postural risk factors related to VDU work
and job strain. Postural risk factors such as static-seated
posture, the number of breaks, workstation adjustments,
and hours of work at the VDU have been found to be
related to musculoskeletal symptoms in review stud-
ies (7-9). Job strain, which comprises psychological
demands and decision latitude, has also been found to
be related to musculoskeletal symptoms in the regions
of the shoulder—neck and upper limbs (6), although less
clearly in the lower back (10). Social support at work is
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thought to modify the effect of the association between
job strain and adverse health outcomes (11).

Until now, research has not singled out any one
exposure and has found that the individual impact
of either postural risk factors or job strain is modest
(6). This impact is probably too modest to explain the
high proportion of musculoskeletal symptoms among
workers. Consequently, we hypothesized that it is a
form of interaction between postural risk factors and
job strain that causes the high incidence of observed
musculoskeletal symptoms.

Interaction, in epidemiology, defines situations
where risk factors “cooperate” to increase disease fre-
quency (12). In public health, interaction based on the
additivity of effects is the most relevant to assess a
causal mechanism between two risk factors (13). Among
interaction measures based on the additivity scale, the
attributable proportion due to interaction estimates
the proportion of cases of musculoskeletal symptoms
caused solely by the interaction mechanism between
the two risk factors (14). The objective of our study was
to investigate interaction between postural risk factors
and job strain on the six-month incidence proportion of
self-reported musculoskeletal symptoms in the regions
of the shoulder-neck, lower back, and upper limbs among
white-collar workers.

Study population and methods

Design

This study used data from a larger study that investi-
gated the effects of preventive interventions on musculo-
skeletal, cardiovascular, and mental health among white
collar workers (15). The population was composed of
2431 employees of three large public service organiza-
tions in Québec City, Canada. Their jobs encompassed
the full range of white-collar occupations, including se-
nior and middle managers (4.9%), professionals (42.4%),
technicians (25.3%), and office workers (27.4%). The
collection of baseline data was conducted between June
2000 and June 2003; follow-up data collection was
completed between October 2004 and November 2006.
The mean follow-up time was 3.2 years (SD 0.95, range
0.6-5.6 years). The initial participation proportion was
76% and the follow-up proportion was 93% (figure 1).
Participants were met at their worksite during working
hours and completed at both times a self-administered
questionnaire on work organization and health. Research
personnel measured their height and weight. The study
protocol was approved by the Institutional Ethics Board
of Laval University and all of the participants gave writ-
ten informed consent.
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Study population

To be eligible for this particular study, participants had to
satisfy the following general criteria: (i) aged between 18
and 60 years (inclusively) at the baseline, (ii) working a
minimum of 25 hours/week at both measurement times,
and (iii) have at least one year of seniority in the orga-
nization at the baseline. Pregnancy and musculoskeletal
inflammatory diseases (theumatoid arthritis or ankylosing
spondylitis) at the baseline were exclusion criteria. Retired
workers and those on leave of absence for less than 60
days at follow-up were included. Furthermore, we applied
another set of criteria for each specific anatomical region
for the purpose of the analyses. Workers were excluded
if they reported a lifetime history of acute injuries in the
region under examination (N=47 for shoulder-neck, N=74
for lower back, and N=24 for upper limbs). They also had
to be free of musculoskeletal symptoms in the specific
body region at the baseline in the analyses involving the
regions of the shoulder—neck, lower back, and upper limbs.
Musculoskeletal symptoms at the baseline were defined
by the reported symptoms with related functional limita-
tions in daily activities in the previous six months. Those
with missing data on previous musculoskeletal symptoms
were excluded. Thus, the final study population com-
prised a total of 1342, 1294 and 1466 participants for the
analyses of the incidence proportions of musculoskeletal
symptoms for the regions of the shoulder—neck, lower back,
and upper limbs respectively (figure 1).

Outcome

The outcome of interest was the self-reported six-month
incidence proportion of musculoskeletal symptoms at the
follow-up with respect to one of the three body regions
under study. This incidence proportion definition should
be considered as a measure of both incidence and recur-
rence of musculoskeletal symptoms (16). Upper limb
symptoms included those in the forearms, wrists, and
hands. A modified version of the Nordic questionnaire
was used to measure musculoskeletal symptoms (17).
Incident cases were defined by musculoskeletal pain,
ache or discomfort in the last six months (answered by
yes or no) with related functional limitation at work, at
home or during leisure activities. Functional limitations
were investigated by the following question: “Did you
have to decrease your activities secondary to your mus-
culoskeletal symptoms?”” They were measured by a “yes”
or “no” answer to each of the three activity categories. A
six-month reference period (18) and a composite defini-
tion of pain and functional limitations (in comparison
with the results of a physical examination) (19) have
earlier been found to be appropriate for the measurement
of self-reported musculoskeletal symptoms. Pre-shaded
manikins were used to help participants identify the
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Potential study participants ‘

3187

Declined study participation

> |

NS

756

’ Baseline study questionnaire ‘

2431 (76%)

General exclusion criteria®
577

‘<:

Region specific exclusion criteria® ‘
339 for shoulder-neck
387 for lower back

>| Loss to follow-up

215 for upper limbs 173 (7%)
Study population
Shoulder-neck Lower back Upper limbs
1342 participants 1294 participants 1466 participants

Figure 1. Flow chart of participant recruitment and eligibility for analyses of incident musculoskeletal symptoms.

2 Aged less than 18 years or more than 60 years, working less than 25 hours a week at one or both measurement times, having less than one year of senior-
ity in the organization, being pregnant or having musculoskeletal inflammatory diseases (rheumatoid arthritis or ankylosis spondilytis), retired, or in leave

of absence since more than 60 days at follow-up.

b At the specific body region concerned by the analyses: having a lifetime history of past acute injury and/or reporting musculoskeletal symptoms in the

previous six months with related functional limitations in daily life activities.

correct body region (20). Those with missing data on
one of these outcome definitions were excluded from the
analyses pertaining to this outcome.

Job strain

Job strain is a combination of psychological demands
and decision latitude and was measured with the French
version of Karasek’s questionnaire (21), for which good
psychometric qualities have been demonstrated (22, 23).
Psychological demands reflect the quantity of work,
time constraints, and level of intellectual effort required
(nine items, score range 9-36). Decision latitude reflects
opportunities for learning, autonomy, and participation
in the decision-making process (nine items, score range
24-96). Scores were computed according to the algo-
rithms recommended by Karasek (21). Those with miss-
ing data on two or fewer items were assigned an average
score based on their answered items for that particular
scale. Data were imputed for psychological demands and
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decision latitude for 0.42% and 0.65% of participants re-
spectively. High and low level of exposure to psychologi-
cal demands and decision latitude were determined by a
cut-off point that corresponded to the median observed
for the Québec general working population (24); the me-
dian value was 24 for psychological demands and 72 for
decision latitude. We used the quadrant method proposed
by Karasek to classify job strain exposure (11). The high
job strain group was composed of workers with median
or higher scores on psychological demands and median
or lower scores on decision latitude. Subjects in the other
three quadrants of exposure were classified altogether in
the low job strain group.

Postural risk factors

A minimum of four hours per day of VDU work was
deemed necessary for the assessment of postural risk
factors, in order to obtain a minimal exposure time to
VDU work (25, 26). Participants exposed to less than this



amount (N=364) were classified in the low postural risk
factors group. No measures of postural risk factors were
collected for these participants. Among subjects working
on a VDU for four hours per day and more, we measured
seven postural risk factors related to the VDU workstation
with the self-administered questionnaire. These postural
risk factors were based on Health Canada ergonomic
guidelines (27) and defined by the following: (i) a static-
seated posture (risk was defined by a “yes” answer), (ii)
possibility to take regular breaks (risk was defined by a
“no” answer), (iii) neck alignment, measured by compar-
ing the top of the screen to the line of vision and accord-
ing to the use of bifocals glasses or not (risk was defined
by a line of vision other than one aligned with the top of
the screen when the subject was not using bifocals or by a
line of vision other than slightly higher than the top of the
screen when the subject was using bifocals), (iv) neck ro-
tation caused by a lateral position of the screen (risk was
defined by the presence of a lateral position of the screen),
(v) angle of forearms, measured by comparing keyboard
height to the height of the elbows (risk was defined by a
keyboard height higher than elbow height), and (vi) the
use of armrests when working with a keyboard (risk was
defined by a “no” answer) or with the mouse (risk was
defined by “no” answer). Pictograms accompanied writ-
ten items in order to improve the psychometric properties
of the measures (28, 29).

To calculate the summary index, 1.0 point was given
for the presence of a postural risk factor except for the
non-use of armrests while working with the keyboard
and mouse, which were given 0.5 points each. We
retained participants with data missing for only one
item measuring postural risk factors (2.5% of the study
population). Subjects with more than one missing item
were excluded (N=8, 0.5% of the study population). For
each subject, we computed the sum of reported postural
risk factors and fixed the cut-off point at 2.5 points (the
minimum of the upper tertile in our study population).
Those with a sum of >2.5 points were classified in the
low postural risk factor group along with subjects work-
ing <4 hours per day on a VDU. Participants with a sum
of 22.5 reported postural risk factors were classified in
the high postural risk factor group.

Overall, the proportions of subjects exposed to
postural risk factors were: (i) 34.0% for a static-seated
posture, (i) 73.1% for the impossibility of taking regular
breaks, (iii) 50.1% for an inadequate neck alignment
(either overextension or overflexion), (iv) 8.2% for the
presence of neck rotation caused by a lateral position
of the screen, (v) 28.2% for an angle of forearms above
the horizontal line, and (vi) 24.0% and 28.3% for the
non-usage of armrests when working with the keyboard
or mouse, respectively. Among those highly exposed to
postural risk factors (N=642), the most frequent com-
binations of factors were: (i) a static-seated posture, an

Lapointe et al

Table 1. Selected characteristics of the baseline study population
following the general inclusion/exclusion criteria, by gender.

Characteristics Men (N=761) Women (N=1093)
N % N %
Age groups “ . . .
<35 years 74 9.7 115 10.5
35-44 years 262 344 454 415
45-60 years 425 55.9 524 48.0
Education (highest
level completed) - . .- .
High school or less 119 15.7 373 341
College 214 28.1 331 30.3
University 428 56.2 389 35.6
Marital status [0.8]f [0.6]°
Married 362 47.6 434 39.7
Living as married 199 26.2 326 29.8
Divorced 79 10.4 151 13.8
Single 111 14.6 163 14.9
Widow 3 0.4 12 1.2
Stressful life events
in the past 12 months ~ [0.5] [2.4]f
0 421 55.3 496 454
1 243 31.9 378 34.6
>2 93 12.3 192 17.6
Self-assessed
health status [01]f [01]f
Excellent 106 139 138 12.6
Very good 292 38.4 400 36.6
Good 260 342 402 36.8
Average 87 11.4 130 11.9
Poor 15 2.0 22 2.0
Psychological
distress ® [0.1]7 [0.2]1
No 562 739 664 60.8
Yes 198 26.0 427 39.0
Social support
at work ¢ [11]f [0.5]f
High 327 43.0 442 40.4
Low 426 55.9 646 59.1
Job strain ¢ [0.6]1 [0.6]f
Low 623 81.9 830 75.9
High 133 17.5 256 235
Postural risk
factors © [04]f [0.6]1
Low 490 64.4 713 65.2
High 268 35.2 374 34.2

2 |n the province of Quebec, college refers to pre-university or vocational
studies.

b Psychological distress was defined by a score >26.19 on the French ver-
sion of the 14-item Psychiatric Symptom Index.

¢ Low social support was defined by a score <34 on the French version of
the 11-item Karasek questionnaire.

4 Job strain was categorized according to the quadrant method of
Karasek. High job strain was the combination of high psychological
demands and low decision latitude. Low job strain comprised the
exposition of the three other quadrants.

e Postural risk factors were computed from seven defined criteria. High
postural risk factors were defined as an exposure level equal or higher
than the median value of this study population.

fPercent of missing data within brackets.

Scand J Work Environ Health 2009, vol 35,n0 2 137
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inadequate neck alignment, and an angle of forearms
above the horizontal (11.6%) and (ii) the impossibility
of taking regular breaks, a static-seated posture, and
inadequate neck alignment (9.4%).

Covariables

We measured social support at work, which is hypoth-
esized to modify the effect of the association between
job strain and health outcomes (11), with the 11-item
scale proposed by Karasek (21) (score range 11-44).
Categorization was determined by the median of an
external Québec reference population (24), the value
of which was 34. Information on demographic and
individual variables was collected at the baseline. The
following covariables were chosen according to the
evidence related to musculoskeletal symptoms reported
in review studies (6, 9, 30, 31) or studies on the general
population (32, 33): age, marital status, formal education
(highest level completed), number of children, smoking
status (smokers were defined by >1 cigarette/day), job
category, organizational seniority, sedentary behavior
(engaged in physical activity <1 time/week during the
previous six months), stressful life events during the pri-
or 12 months, and menopausal status. Body mass index
was computed from direct measurements of subjects’
height and weight taken at the baseline and follow-up
(227 kg/m? for obesity).

Personality factors related to impatience or irrita-
bility (one item) and inability to withdraw from work
obligations (five items) were measured at follow-up
with the six-item overcommitment scale recommended
by Siegrist et al (34). Those who scored in the upper
tertile of the distribution in our study population were
considered at risk. Self-assessed health status was mea-
sured at the baseline and follow-up with the question:
“Compared with others of the same age, would you
say that your own health is, in general, excellent, very
good, good, fair, or poor?” Psychological distress was
measured with the validated French version of the 14-
item Psychiatric Symptom Index (35). Only the baseline
measure was used in the final model. A total score was
calculated for this scale on the basis of a range of 0 to
100. Patients with scores of >26.19, which represents
the minimum of the highest quintile observed in the
general population of Québec (24), were considered to
have psychological distress.

A variable named “musculoskeletal symptoms in other
body region(s)” was constructed to account for the pres-
ence of baseline symptoms in a body region other than
the one under study. For example, in the analyses for the
shoulder—neck region, subjects with baseline musculoskel-
etal symptoms in the lower back and/or upper limbs were
classified as having “musculoskeletal symptoms in other
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body regions”. Musculoskeletal symptoms were defined
by the presence of self-reported symptoms in the last six
months, accompanied by related functional limitations.

Statistical analyses

As recommended for the study of the interaction between
two risk factors (14), the following four exposure groups
were created: (i) high postural exposure and high job strain,
(if) high postural exposure and low job strain, (iii) low
postural exposure and high job strain, and (iv) low postural
exposure and low job strain. Subjects in the fourth category
composed the reference group. Unconditional logistic re-
gression was used to estimate the crude and adjusted odds
ratio (OR) with a 95% confidence interval for each expo-
sure group as it is robust to small cell numbers (36). The
effect modification of social support at work was tested by
using stratification and the Breslow-Day test (37). Age was
forced into the adjusted models either as a continuous vari-
able or into categories (<35, 3444, >44 years) according to
the best fit of the logistic regression models (38).

To create the adjusted model, we began by entering
exposure groups and age. Then, we adjusted for covariables
that brought about a change of >10% for at least one of the
exposure OR, using a forward stepwise strategy. When the
model needed adjustment for a variable measured both
at the baseline and follow-up, the model’s tolerance and
variance inflation factors were examined to assure that
mutual dependency was not introduced (36). If this was
the case, only the variable bringing about the greatest
change in exposure OR was kept in the model. All of the
analyses were performed separately for men and women.
Each body region was considered individually. Deviance
statistics and influence diagnostics were examined to
achieve an adequate goodness of fit (38). The analyses
were performed with the SAS 9.1 package (SAS Institute,
Cary, NC, USA).

Assessment of interaction

In order to assess the presence of interaction, when
two risk factors cooperate to increase disease frequency
beyond the addition of their individual effects (12), the
attributable proportion due to interaction is used. In this
case, the attributable proportion was interpreted as the
proportion of musculoskeletal symptoms cases solely due
to the interaction process among subjects exposed to both
risk factors (14). The attributable proportion is, among
the other interaction measures, the most robust one when
OR are used to approximate risk proportions (39). The
attributable proportion and its 95% confidence interval
(40) were computed directly from the OR obtained by
logistic regression (14). The attributable proportion was
calculated with the following formula: [(OR,, — OR,
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Table 2. Effect of postural risk factors and job strain on the six-month incidence proportion of musculoskeletal symptoms among
white-collar men. (OR = odds ratio, 95% Cl = 95% confidence interval)

Total  Number Crude model Adjusted model Atributable  95% Cl
number of cases proportion?
OR 95% Cl OR 95% Cl

Shoulder-neck

Low postural / low job strain 294 14 1.00 Reference 1.00° Reference

Low postural / high job strain 39 4 2.29 0.71-7.33 232 0.70-7.66

High postural / low job strain 151 13 1.88 0.86-4.12 2.08 0.93-4.62 . .-

High postural / high job strain 41 6 3.43 1.24-9.50 294  0.97-8.94 -0.15 -1.62-1.32
Lower back

Low postural / low job strain 282 28 1.00 Reference 1.00¢ Reference

Low postural / high job strain 40 2 0.48 0.11-2.09 036  0.07-1.70

High postural / low job strain 144 14 0.98 0.50-1.92 097  0.47-2.02 . .-

High postural / high job strain 41 7 1.87 0.76-4.60 1.66  0.61-4.55 0.80 0.23-1.37
Upper limbs

Low postural / low job strain 320 14 1.00 Reference 1.00¢ Reference

Low postural / high job strain 46 8 460 1.81-11.68 476 1.72-13.14

High postural / low job strain 159 7 1.01 0.40-2.55 112 0.43-2.89 . .-

High postural / high job strain 48 3 1.46 0.40-5.27 148  0.40-5.46 -2.30 -7.08-2.48

a Attributable proportion due to interaction computed from odds ratios of adjusted models.

b Adjusted for age and musculoskeletal symptoms to other body regions at baseline.

¢ Adjusted for age, health perception at follow-up, stressful life events at baseline, and musculoskeletal symptoms to other body regions at baseline.
4 Adjusted for age and musculoskeletal symptoms to other body regions at baseline.

Table 3. Effect of postural risk factors and job strain on the six-month incidence proportion of musculoskeletal symptoms among white-
collar women. (OR = odds ratio, 95% Cl = 95% confidence interval)

Total  Number Crude model Adjusted model Atributable  95% Cl
number of cases proportion?
OR 95% Cl OR 95% Cl

Shoulder-neck

Low postural / low job strain 356 32 1.00 Reference 1.00°  Reference

Low postural / high job strain 118 17 1.70 0.91-3.20 1.77 0.91-3.43

High postural / low job strain 198 19 1.07 0.59-1.95 1.1 0.60-2.06 . .-

High postural / high job strain 57 13 2.99 1.46-6.13 3.38 1.58-7.22 0.44  -0.06-0.94
Lower back

Low postural / low job strain 341 22 1.00 Reference 1.00¢  Reference

Low postural / high job strain 107 13 2.01 0.97-4.13 2.53 1.09-5.85

High postural / low job strain 197 24 2.01 1.10-3.69 2.51 1.23-5.09 . .-

High postural / high job strain 62 16 5.04 2.47-10.30 5.51 2.33-13.03 0.27  -0.34-0.88
Upper limbs

Low postural / low job strain 378 26 1.00 Reference 1.00¢  Reference

Low postural / high job strain 116 10 1.28 0.60-2.73 1.26 0.57-2.77

High postural / low job strain 214 16 1.09 0.57-2.09 1.17 0.61-2.26 . -

High postural / high job strain 59 8 2.12 0.91-4.94 2.25 0.94-5.40 036  -0.33-1.05

a Attributable proportion due to interaction computed from odds ratios of adjusted models.

b Adjusted for age and musculoskeletal symptoms to other body regions at baseline.

¢ Adjusted for age and stressful life events at baseline and at follow-up, number of children, education level, and musculoskeletal symptoms to other body
regions at baseline.

d Adjusted for age, psychological distress at baseline and musculoskeletal symptoms to other body regions at baseline.

Scand J Work Environ Health 2009, vol 35, n0 2 139
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—OR,, + 1)/ OR,,] where OR,, represents the OR for the
high postural and high job strain group, OR, represents
the low postural and high job strain group, and OR,, rep-
resents the high postural and low job strain group. Null
or negative values of the attributable proportion were
interpreted as an absence of interaction (13, p341).

Results

For men, the incidence proportion of musculoskeletal
symptoms with associated functional limitations in the
last six months was 7.0% for shoulder-neck, 10.0% for
lower back and 5.6% for upper limbs. For women, these
proportions were 11.1%, 10.6% and 7.6% for shoul-
der—neck, lower back, and upper limbs, respectively.
The proportions of musculoskeletal symptoms reported
in body regions other than the one concerned by the
site-specific analyses (men and women combined) were
the following: 18.0% (241 : 1342) for the shoulder—neck
region, 14.8% (192 : 1294) for the lower back region,
and 21.7% (318 : 1466) for the upper limb region. Social
support did not modify the effect of job strain exposure
in the analyses (data not shown). Generally, the high
postural and high job strain groups displayed the high-
est OR; this was the case for men in the regions of the
shoulder—neck and lower back, and for women in all
three body regions.

We observed a significant crude effect in shoulder-
neck in the high postural and high job strain group in men
(table 2), but this association disappeared after adjust-
ment. We did not find any significant OR in the lower
back region but observed a significant OR for symptoms
in the upper limbs in the low postural and high job strain
group. For women (table 3) the crude effect for the high
postural and high job strain group was significant in the
shoulder—neck and the lower back region and these as-
sociations remained after adjustment. Computed from ad-
justed models, the attributable proportion varied between
-2.30-0.80. For men, a significant attributable propor-
tion was observed for the lower back region (0.80). For
women, all three body regions had a potential, although
not significant, interaction with the highest attributable
proportion being found for the shoulder—neck region.

Discussion

Main results
Our study investigated the interaction between postural
risk factors and job strain on the incidence of self-

reported musculoskeletal symptoms in the regions of the
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shoulder—neck, lower back, and upper limbs. For men, we
found a significant interaction between postural risk fac-
tors and job strain on the incidence of musculoskeletal
symptoms in the lower back region. For women, all
three body regions showed an indication of interaction.
Social support did not modify the association between
job strain exposure and musculoskeletal symptoms.

Comparison with previous research

To our knowledge, only seven studies have investigated
the interaction between physical and psychosocial risk
factors of work (41-47). Among these studies, only
four have computed the attributable proportion (41, 42,
46, 47). It was, however, possible for us to compute the
attributable proportion from the results of two other
studies (43, 45). The remaining study (44) did not use
any of the recommended interaction measures (12) and it
was not possible to compute the attributable proportion
from the data provided.

Comparisons with these studies are difficult to make
due to the marked differences in exposure assessment,
populations, and designs. These studies were main-
ly cross-sectional (41-43, 46), only one had a study
population specific to VDU work (47), and none had a
comparable definition of postural risk factors related to
VDU work. A majority of these studies combined men
and women in their analyses (41-43, 47) and only one
computed confidence intervals for the attributable pro-
portion (42). Varied attributable proportion values were
reported from these studies, ranging from 0.06 to 0.70,
and no systematic patterns seemed to emerge. Overall,
there were nine positive attributable proportion values
versus one null value observed in these studies. This
finding corresponds to our results, in which we obtained
a majority of positive attributable proportion. These
results suggest that an interaction is present between
postural risk factors and job strain even if its effect is
still not sufficiently supported by significant results.
Studies with greater statistical power will be necessary
to support this observation.

Few studies have used a definition of musculoskel-
etal symptoms that includes both pain and functional
limitations, despite its relevant informative value (48).
One study measured the six-month prevalence of lower
back symptoms with functional limitations (49) and
observed a 12.3% figure. Two studies measured the 12-
month incidence proportion of musculoskeletal symp-
toms with related functional limitations, observing
values of 11.6% for the lower back region (50) and 11%
for the neck region (51). These results are similar to the
incidence proportions found in our study.

The fact that we did not observe effect modification
by social support in our study contradicts the findings of
other studies (52, 53). On the other hand, the absence of



association between social support at work and muscu-
loskeletal symptoms has been reported in some reviews
(6, 10) and prospective studies with VDU workers (54,
55). It is possible that our cut-off point was not the most
appropriate for defining low social support, since a large
percentage of participants were categorized in the low
social support group (table 1). However, in additional
analyses, we redefined the low social support group by
using the lower tertile of its distribution in our study
population. These analyses led to the same conclusion
(ie, an absence of effect modification by social support
[data not shown]).

In our study, the adjustment for musculoskeletal
symptoms in other body regions generally resulted in
a slight increase in the strength of the associations of
interest (data not shown). Even if this variable was
observed to create overadjustment by systematically
lowering the associations between measured risk fac-
tors and musculoskeletal symptoms in a previous study
(45), our analyses revealed that it was not the case for
our study population.

Methodological considerations

Our study had several methodological strengths. It was an
inception prospective cohort study. The participation pro-
portions were high at both the baseline and follow-up. We
considered multiple possible confounders in the model
adjustments and assessed three body regions in order to
encompass the global phenomenon of musculoskeletal
symptoms (56, 57). We also conducted separate analyses
for men and women, since the literature shows that the as-
sociations of risk factors with musculoskeletal symptoms
have great gender differences (9, 58).

Our outcome definition was another strength of our
study. Defining musculoskeletal symptoms by their
presence in the last six months, accompanied by related
functional limitations, captured symptoms with an im-
portant impact on the worker’s quality of life. Moreover,
it also resulted in a decrease of the incidence proportions
of musculoskeletal symptoms close to or lower than 10%
and thus allowed the use of the OR obtained from the
logistic regression to be used as valid estimates of risk
ratios. Finally, it is important to note that the six-month
recall period is less-commonly used than the 12-month
period. However, in the absence of consensus on the best
timeframe for measuring musculoskeletal symptoms, we
postulated that a six-month recall period is comparable
with, if not superior to, 12 months, as a shorter recall
period reduces recall bias (59).

Nevertheless, our study had several limitations. First,
the precision of estimates was low for some associations
as shown by large confidence intervals. The actual sam-
ple size of this study, which had an impact on precision,
was influenced by our application of restriction criteria.

Lapointe et al

According to Rothman (14, p.110), restriction criteria
are particularly effective in controlling confounding.
Along these lines, we restricted participation in the
study to subjects free of the main characteristics found
to introduce confounding in the literature (see figure 1
for inclusion and exclusion criteria). However, in order
to ascertain the validity of our restriction criteria, we
analyzed the impact of integrating excluded workers in
the cohort on our associations by proceeding systemati-
cally, one criterion at a time (data not shown). For every
restriction criterion, the integration of these subjects
resulted in a change greater than 10% on estimates for
the associations of interest, which we determined, a
priori, as the cut-off for confounding. These comple-
mentary analyses confirmed the choice of our restriction
criteria and indicated that the internal validity would
have suffered from changing these criteria even though
increasing the study size would have resulted in greater
precision.

We did not have information on postural risk factors
for the participants who worked at the VDU for <4 hours
per day (N=364). Therefore, part of our control group
(33.8%) was, to an unknown extent, exposed to postural
risk factors that could have introduced an underestima-
tion of the strength of the associations we observed. In
making this choice, we hypothesized that persons work-
ing <4 hours per day on the VDU have more possibilities
to change their posture at work and thus have a lower
risk of developing musculoskeletal symptoms. To check
this point, we conducted complementary analyses in-
cluding only subjects for whom information on postural
risk factors was complete (N=1317). For these analyses,
the strength of associations was lower. This last observa-
tion indicates that those with <4 hours per day of VDU
work report musculoskeletal symptoms less frequently
due to either a shorter amount of time in VDU work or
a lower number of postural risk factors due to exposure
to VDU work. This finding supports the choice of the
control group definition used in our study.

A healthy worker effect could have occurred in our
study, secondary to the exclusion of subjects with mus-
culoskeletal symptoms at the baseline, thus leaving a
healthier study population (60). Those with musculoskel-
etal symptoms at baseline have been excluded in many
prospective studies (45, 54, 61-64). Actually, some stud-
ies have observed that baseline musculoskeletal symp-
toms are strong predictors of future musculoskeletal
symptoms regardless of the work exposure level (33,
65-67). In addition, a review (29) concluded that subjects
with musculoskeletal symptoms rate their work expo-
sure differently than asymptotic subjects. Moreover, in
complementary analyses, we observed that symptomatic
participants seemed to introduce confounding in our data
(data not shown). In fact, for these symptomatic subjects,
we observed that the proportion of musculoskeletal
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symptoms in the reference group was much higher than
in asymptomatic subjects. Their inclusion resulted in a
general lowering of our associations by >10%. Thus, we
are confident that this healthy worker effect mechanism
did not contribute to a reduction in our associations.

A healthy worker effect could also have occurred if
highly exposed participants at the baseline decreased
their exposure to postural risk factors or to job strain
during the follow-up period. Using a McNemar test,
we tested this hypothesis by comparing the number of
subjects who decreased their exposure level between
baseline and follow-up versus those who increased it.
We observed that, although keyboard height was more
appropriate and head rotation was less frequent at fol-
low-up, the reported duration of VDU work was higher
while the possibility to take regular breaks was lower.
No changes between the baseline and follow-up were
observed for the other postural risk factors and job
strain. Overall, the exposure levels to postural risk fac-
tors and job strain have stayed stable over time in our
study population (data not shown). We thus conclude
that this last aspect of a healthy worker effect is not a
major concern in our study either.

The 7-point combined index that we used to measure
postural risk factors had some limitations: it was self-
reported and combined different postural exposures.
Firstly, self-report measures have the tendency to over-
estimate the duration of VDU work (28, 68), although
not always (29). On the other hand, a previous study
has found that subjects correctly identified the absence
of postural risk factors, but incorrectly identified their
presence (28). Secondly, no validated self-report scales
are available with which to assess postural risk fac-
tors specific to VDU work. We therefore selected the
seven most important postural risk factors according to
the available evidence (in the scientific literature) on
VDU work (53, 69). According to a review by Stock et
al (29) on the reproducibility and validity of workers’
self-reporting of physical work demands, the questions
we used to measure the duration of VDU work and
keyboard height have good psychometric properties
(29). Thirdly, combining different postural risk factors
resulted in a measure with a limited discriminatory
power to relate specific postural exposures to the body
region analyzed. However, this measure allowed us to
discriminate between participants at greater risk (those
who identified the presence of three or more postural
risk factors) and subjects at lower risk (those who identi-
fied only one or two postural risk factors).

Another potential limitation of this study was related
to the outcome measure. Musculoskeletal symptoms were
measured after a three-year follow-up, but this measure
covered only the last six months. This definition has left
a gap period during which study participants could have
suffered from musculoskeletal symptoms and recovered

142  Scand J Work Environ Health 2009, vol 35, no 2

without being identified in our analyses. This is particu-
larly problematic with musculoskeletal symptoms because
of their transient nature. The effect of such a gap on our
estimates was not possible to ascertain because it depended
on the distribution of events between exposure categories.
We assumed that our six-month measure was efficient in
capturing the recurring musculoskeletal symptoms.

Concluding remarks

The interaction between postural risk factors and job
strain must be considered in occupational settings as
workers are often simultaneously exposed to both types
of risk factors in their work environment. This simultane-
ous exposure seems to increase the pathogenic effect of
each individual risk factor on the development of mus-
culoskeletal symptoms. Since targeting the elimination
of every risk factor at work is a utopia, this interaction
effect is thus of primary importance for work interven-
tion practices. Success in reducing any one of these
two types of risk factors will likely have the additional
benefit of decreasing the part of the incidence proportion
of musculoskeletal symptoms that is the direct effect of
the interaction.

In our cohort, there was a considerable proportion
(62.8%) of participants who were in customer service.
Due to the very nature of this type of work, it would be
difficult to eliminate all psychosocial constraints. Never-
theless, an optimal adjustment of the workstation would
decrease the associated risk of musculoskeletal symptoms
and also lower the interaction effect that results from the
synergy between psychosocial and postural risk factors.
Another example is the case of on-the-road technicians.
It would be very difficult to design a perfect VDU work-
station for them since their computer and monitor are
integrated in their vehicle. However, by assuring that
the psychosocial risk factors of their work (latitude and
demands) are minimized, we could have a great impact on
the part of the risk that comes from the synergy between
postural and psychosocial risk factors. Finally, in light of
the actual high prevalence of musculoskeletal symptoms
among workers, even small reductions in the pathogenic
effect of risk factors would likely create a considerable
positive impact on public health.
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