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Development of neck and hand-wrist symptoms in relation to duration of

computer use at work
by Chris Jensen, PhD*

Jensen C. Development of neck and hand-wrist symptoms in relation to duration of computer use at work. Scand
J Work Environ Health 2003;29(3):197-205.

Objectives This study attempted to identify risk factors for musculoskeletal symptoms in the neck and hand-
wrist regions among employees using computers at work.

Methods Computer users (N=5033) first received a questionnaire in the beginning of 1999 (69% response rate,
N=3475), and a follow-up questionnaire was mailed in December of 2000 to the 3361 respondents to the
baseline survey (77% response rate, N=2576). Health outcome was defined as muscul oskeletal symptomsfor >7
days within the last year of follow-up among the nonsymptomatic respondents at baseline.

Results Men's and women’s previous symptoms, women's low influence at work and high-placed computer
screen, and men’s short time in the same job and good computer skills were associated with neck symptoms.
Hand-wrist symptoms were predicted by previous symptoms and low influence at work for both the men and
women and sensorial demands for the women only. The duration of computer use predicted hand-wrist
symptoms [eg, oddsratio (OR) of 2.3, 95% confidenceinterval (95% Cl) 1.2-4.3, for almost continual computer
use], but not neck symptoms. For those with aimost continual computer use, hand-wrist symptoms were
associated with mouse use for at least half of the worktime (OR 4.0, 95% CI 1.0-15.5) and not using the mouse
at al (OR 4.0, 95% CI 1.1-14.4), as compared with mouse use for one-fourth of the worktime.

Conclusions  Limiting computer use to less than three-fourths of the worktime would help to prevent hand-

wrist symptoms. Furthermore, low influence at work predicts both neck and hand-wrist symptoms.

Key terms computer use, follow-up study, hand, wrist, mouse use, neck, psychosocial factors.

Neck and upper extremity symptoms have been report-
ed in different types of jobs that involve intense com-
puter use (1). My paper examines risk factors for neck
and hand-wrist symptoms among computer users on the
basis of alongitudinal study, the BIT study (BIT = be-
havior in information technology).

In a literature review, Punnett & Bergqvist (2) re-
ported that poor workstation design, continuous com-
puter use for the entire workday, and repetitive compu-
ter work such as data entry were associated with an in-
creased risk of symptoms. Several studies have report-
ed positive associations between duration of computer
use and musculoskeletal symptoms (1, 3-7). Karlgvist
et a (6) and Jensen et al (8) reported a high prevalence
of musculoskeletal symptoms among CAD (computer-
aided design) operators, who used a computer mouse

intensively at work. In addition, other factors in jobs
with intensive computer work, such as low job control,
overtime work, and frequent deadlines, have been re-
ported to be associated with muscul oskeletal symptoms
(5, 9, 10). However, most results were based on cross-
sectional studies in which cause-response relationships
were difficult to identify.

In arecent follow-up study on newly hired employ-
ees with computer use for more than 15 hours a week
and afollow-up period of 3 years, incident neck-shoul-
der and hand-arm (including wrist) symptoms were fre-
quent (11). The women were more at risk than the men,
and therisk of developing hand-arm symptoms, but not
neck-shoulder symptoms, increased with the duration of
weekly keyboard use (11, 12). However, the effects of
the total duration of computer use (including keying,
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using the mouse, and reading on the screen) or mouse
use were not studied. In addition, in one older follow-
up study with two measurements at a 6-year interval, a
positive association was found between weekly hours
of computer use and hand-wrist symptoms, but not be-
tween weekly hours of compute use and neck-shoulder
symptoms (13).

The aim of this follow-up study was to investigate
risk factors for musculoskeletal symptoms in the neck
and hand-wrist regions with special focus on the dura-
tion of computer use at work. The main hypotheses were
that long hours of computer and mouse use are risk fac-
tors for the development of symptoms. Analyses were
also performed to identify other potentia risk factors.
These were work-related psychosocial factors, physical
factors related to workplace design, individual factors,
and factors specifically related to computer use, such
as computer skills and quality of technical support.

Subjects and methods

Subjects

Two questionnaires were delivered to computer users
in 11 Danish companies and institutions. The compa-
nies were selected to provide employees with different
types of computer work (ie, data entry, word process-
ing, graphic work, etc). Thus the employees of the par-
ticipating companies were computer users with differ-
ent types of computer work, but the distribution of com-
puter use or worktasks could not be assumed to be strict-
ly representative of office work in general. The base-
line questionnaire was delivered to 5033 computer us-
ersin the early part of 1999. All employees working in
the entire company or in specific predefined departments
were included except cleaning and kitchen personnel.
Before the questionnaires were delivered to the work-
place, the names of the employees were supplied by the
company. The questionnaires were returned by mail or
returned in sealed envelopes at their workplace and lat-
er collected by arepresentative from the National Insti-
tute of Occupational Health.

The response rate at baseline was 69% (N=3475).
In the baseline questionnaire people were asked about
their home address in order to mail the follow-up ques-
tionnaire to as many of the respondents from the base-
line survey as possible. The follow-up questionnaire was
mailed in December of 2000 to 3471 respondents who
had provided their home address. Of those, 108 respond-
ents had changed home address and were not traceable
through postal service registers at the time of the fol-
low-up. Thus 3363 respondents were finally assumed to
have received the follow-up questionnaire, and 2576
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people responded, corresponding to a response rate of
77%. The mean follow-up period was 21 (range 17-23)
months.

Questionnaire

In aprevious paper on the baseline survey, amodel was
described that included individual and work-related fac-
torsthat could affect the development of muscul oskele-
tal symptoms (1). The baseline questionnaire contained
questions on the following factors (all factors, except
age, referred specifically to conditions at work): age,
duration of employment in same job, years of using a
computer, duration of computer use, duration of mouse
use, training in computer use, software skills, technical
problems with computer, quality of technical support,
space for arm support in front of keyboard, screen
height, glare, repetitiveness, quantitative demands, sen-
sorial demands, cognitive demands, influence, possibil-
ities for development, and socia support. Most of the
individual and physical workplace factors were assessed
on the basis of answers to one question for each factor.
The question on duration of computer use was “How
much of your worktime do you work with a computer
(including overtime and worktime at home)?’, and the
answer categories were never-seldom or one-fourth,
one-half, three-fourths or amost al of the worktime.
The question on duration of mouse use was similar.
Continuous variables were categorized in the analyses.
Some of the categorical responses were merged into
fewer categories to obtain a more balanced distribution
of responses. Some, mostly psychosocial factors, were
assessed by the construction of indices based on the
answer to three to seven different questions each with
five response categories (never, seldom, sometimes, of-
ten, always). The indices ranged from 0 to 100 for each
factor (14). Inthe further analyses, theindex values were
categorized as “low” (index value within 0-25 percen-
tile), “medium low” (index value within 25-50 percen-
tile), “medium high” (index value within 50-75 percen-
tile) and “high” (index value within 75-100 percentile).

Both the baseline and follow-up questionnaire con-
tained questions on muscul oskeletal symptoms (trouble,
ache, or pain) according to a modified version of the
Nordic questionnaire (15). Health outcome was defined
as (i) neck symptoms (not including shoulder) or (ii)
hand-wrist symptoms for more than 7 days within the
last year of the follow-up period. Only nonsymptomat-
ic respondents at baseline (no symptoms or symptoms
for no more than 7 days within the last year) were in-
cluded in the analyses. When the development of neck
symptoms was analyzed, the respondents were only in-
cluded if they had been nonsymptomatic at baseline in
both the neck and shoulder regions. For the analyses on
the development of hand-wrist symptoms, only the



respondents who had been nonsymptomatic at baseline
in both the hand-wrist and elbow regions were includ-
ed. Thus, while the case definitions were based specifi-
cally for the neck and hand-wrist regions, the inclusion
of nonsymptomatic respondents at baseline also required
that the adjacent regions be symptom-free (shoulder and
elbow, respectively). The inclusion of subjects with
symptoms for 1-7 days within the last year at baseline
among the “nonsymptomatic” respondents allowed for
the inclusion of the factor, “previous symptoms’, in the
analyses of factors that could predict the development
of symptoms at follow-up.

Statistics

Analyses of associations between factors reported at
baseline and symptoms at follow-up in the (i) neck and
(i) one or both hands-wrists were performed. Univari-
ate analyses were performed using a significance level
of P<0.10. The chi-square or Mantel Haenszel chi-
sguare statistic was used. In multivariate logistic regres-
sion analyses, all the significant factors from the uni-
variate analyses were initially included in the model for
each body region. Factors were successively omitted
from the models if the likelihood ratio test produced
probabilities larger than 0.10. The final logistic regres-
sion models were recalculated using only the respond-
ents who did not change jobs between the baseline and
follow-up, to minimize potential effects related to a
change in exposure during the follow-up period.

The factors “duration of computer use” and “dura-
tion of mouse use” were entered into separate logistic
regression analyses including only subjects working for
32-41 hours a week (duration of computer and mouse
use were assessed as fractions of the worktime) and who
did not change jobs between the baseline and follow-
up. The logistic regression model describing the asso-
ciation between symptoms and the duration of compu-
ter use was adjusted for gender, age, and all other fac-
tors that were significantly associated with symptoms
in the previous analyses.

As the duration of mouse use is highly correlated
with duration of computer use, the association between
mouse use and symptoms was studied in a subgroup of
women who worked all or amost al of their worktime
at acomputer. The men were excluded since there were
only a few men working almost al their worktime at
the computer. Logistic regression models between du-
ration of mouse use and symptoms were cal cul ated with
adjustment for other factors associated with symptoms.
The procedures FREQ, MEAN and GENMOD in SAS
(version 6.02, Cary, NC, USA) were used. The likeli-
hood ratio test probability was calculated for each
factor in the logistic regression models with a signifi-
cance level of P<0.10.

Jensen

Results

In the follow-up, 1721 women and 855 men responded.
At baseline the mean age of the femal e respondents was
42 (SD 10) years, and, on the average, they had used a
computer at work for 11 (SD 6) years. The mean age of
the men was 43 (SD 10) years, and they had also used a
computer at work for 11 (SD 7) years.

At baseline 66.5% of the 3475 respondents and at
follow-up 66.8% of the 2576 respondents were women.
At baseline the preval ence of neck and hand-wrist symp-
toms for more than 7 days within the last year was
44.7% (N=2533) and 25.8% (N=2539), respectively,
when only the subjects who responded at the follow-up
were included. At follow-up the prevalence of neck
symptoms was 46.4% (N=2558), and the prevalence of
hand-wrist symptoms was 31.1% (N=2514). However,
at baseline, the prevalences of symptoms of those who
responded at follow-up were similar to the prevalences
of symptoms for all the participants who responded at
baseline (including those who dropped out at follow-up).
Thus 43.9% reported neck symptoms (N=3400), and
25.9% reported hand-wrist symptoms (N=3405) at base-
line.

For those who held the same job at follow-up
(N=2002), as compared with those who did not
(N=458), the prevalence of neck symptoms (44% and
46%, respectively) and hand-wrist symptoms (27% and
22%, respectively) was also similar at baseline. The per-
centage of the respondents with computer use for the
whole worktime was 47% for those who held the same
job at follow-up and 43% for those who did not.

For the respondents who were nonsymptomatic at
baseline, the percentages of incident cases at follow-up
are shown in table 1. A greater percentage of the wom-
en than the men developed symptoms in both body re-
gions.

Those with previous symptoms (1-7 days within the
last year at baseline) were more likely to develop symp-
toms (>7 daysin the follow-up period) than the respond-
ents who reported no symptoms at baseline (table 2).
Furthermore, in the univariate analyses, high sensorial
demands, low influence at work, high degree of repeti-
tiveness, low social support, and disturbance by glare

Table 1. Incident cases at follow-up. Only respondents with
symptoms for <7 days during the year preceding the baseline sur-
vey have been included.

Region Women Men

N % Ntota\a N % Ntota\a
Neck 168 255 660 82 154 532
Hand-wrist 223 216 1035 78 125 626

2 Ny = total number of nonsymptomatic respondents at baseline.
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Table 2. Percentages of the female and male respondents with symptoms at follow-up according to individual and exposure factors at
baseline (percentage of women and men with symptoms >7 days during the last year of the follow-up period). P-value refers to chi-
square or Mantel Haenszel chi-square test of association.

Women Men
Factor Neck symptoms Hand-wrist symptoms Neck symptoms Hand-wrist symptoms
%  P-value Ng,? %  P-value N2 %  P-value Nyy® %  P-value Nyg,?

Age

18-29 years 28 0.28 71 19 0.59 113 20 0.004 46 7 099 59

30-39 years 28 - 163 23 - 278 21 - 115 15 . 147

40-49 years. 25 - 228 23 - 363 138 - 193 14 . 228

=50 years 23 - 198 19 - 281 8 - 178 11 . 192
Previous symptoms

No 15  <0.001 298 15  <0.001 690 8 <0.001 295 8  <0.001 426

Yes, 1-7 days 34 - 362 3B - 345 24 - 237 22 . 200
Duration of employment in same job

<1 year 25 0.22 127 25 0.25 194 22 0.034 91 12 0.38 107

1-3 years 32 - 190 21 - 294 16 - 178 16 . 210

>4 years 22 - 331 21 - 522 13 - 253 11 . 300
Experience with computer use

0-3 years 31 0.26 81 21 0.87 132 15 0.90 67 9 0.60 217

4-7 years 28 - 98 23 - 161 11 - 81 13 . 208

8-12 years 23 - 235 23 - 355 21 - 180 13 . 101

>12 years 25 - 218 20 - 345 13 - 183 12 . 80
Quantitative demands

High 25 051 215 23 012 346 16 0.28 242 12 051 290

Medium high 29 - 134 23 - 243 19 - 100 11 . 124

Medium low 28 - 140 20 - 208 13 - 83 13 . 100

Low 21 . 165 18 . 226 12 - 104 15 . 110
Cognitive demands

High 26  0.86 176 20 0.84 279 17 0.094 187 13 0.65 225

Medium high 22 - 179 21 - 294 19 - 161 12 . 190

Medium low 32 - 126 26 - 200 9 - 82 10 . 102

Low 23 - 172 20 - 250 11 - 96 16 . 105
Sensory demands

High 28 0.049 259 26 0.040 415 12 0.15 90 11 0.68 114

Medium high 27 - 175 118 - 285 21 - 156 12 . 185

Medium low 19 - 80 13 - 112 18 - 95 16 . 108

Low 21 . 140 21 . 215 10 - 187 12 . 215
Influence at work

Low 32 <0.001 170 28  <0.001 287 17 0.58 54 12 0.050 60

Medium low 30 - 151 25 - 256 16 - 100 17 . 122

Medium high 23 - 166 19 - 220 17 - 127 16 . 171

High 17 - 166 13 - 257 14 - 45 8 . 268
Developmental possibilities

Low 28 0.44 150 24 0.17 255 10 0.74 62 14 0.53 72

Medium low 23 - 118 19 - 185 18 - 72 14 . 76

Medium high 27 - 210 24 - 342 138 - 190 12 . 238

High 24 - 176 17 - 241 14 - 204 12 . 237
Repetitiveness

Repetitive tasks and movements 31 0.080 163 27 0.013 270 14 0.86 35 16 0.42 38

Repetitive movements 25 - 196 21 - 301 18 - 73 14 . 93

Varied work 23 - 300 19 - 456 15 - 421 12 . 491
Social support

Low 32 0.087 114 28 0.086 173 13 021 105 10 0.21 121

Medium low 25 - 143 21 - 223 12 - 115 12 . 149

Medium high 24 - 179 21 - 271 138 - 146 12 . 165

High 23 - 217 20 - 355 17 - 161 15 . 186
Training in software use

Insufficient 26 0.98 109 19 0.36 172 10 0.066 104 12 1.00 129

Sufficient 26 - 543 22 - 850 17 - 420 12 . 491
Computer skills

Bad or somewhat good 27 0.89 84 23 0.34 124 6 0.088 110 8 020 118

Good 25 - 307 22 - 491 19 - 267 14 . 333

Extremely good 26 - 261 20 - 407 15 - 149 13 . 172

(continued)
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Table 2. Continued.
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Women Men
Factor Neck symptoms Hand-wrist symptoms Neck symptoms Hand-wrist symptoms
%  P-value Ny ? %  P-value Ngg? %  P-value Nyy? %  P-value Ngg?
Technical problems with computer
Daily or at least once a week 29 0.096 280 22 0.39 451 19 0.12 140 14 0.30 170
At least once a month 24 . 194 22 - 295 17 - 172 13 . 211
Less than once a month 22 176 19 273 13 213 11 241
Quality of technical support
Dissatisfactory 27 0.38 154 20 094 231 16 0.62 99 18  0.029 120
Satisfactory 25 - 405 22 - 642 16 - 334 12 . 395
Very satisfactory 21 76 20 124 13 82 8 92
Space for arm support in front of keyboard
No 24 027 243 14 057 195
Yes 21 773 12 . 410
Screen height
Top above eye level 31 0.071 216 15 0.76 143
Top at or below eye level 23 427 - 16 380
Disturbed by glare
Daily or several times a week 32 0.056 115 24 0.043 187 15 0.88 82 18 0.024 101
Every once in a while 25 - 192 25 - 324 17 - 147 14 . 179
No 23 326 18 482 15 289 10 334

2 Ny = total number of nonsymptomatic respondents at baseline.

were risk factors for the development of symptoms
among the women. Furthermore, persons with incident
neck symptoms more often experienced technical prob-
lems with the computer and reported that their screen
was placed with the top above eye level. Factors asso-
ciated with the development of neck symptoms among
the men in the univariate analyses were age and dura-
tion of employment (negative associations), high cog-
nitive demands, sufficient training in software use, and
good computer skills. Low influence at work, dissatis-
factory quality of technical support, and disturbance by
glare were associated with the development of hand-
wrist symptoms among the men.

In the multivariate logistic regression models, two
to three factors remained that contributed significantly
to predicting the devel opment of symptoms (tables 3 and
4). Previous symptoms remained in al the models as
the most powerful predictor of developing more symp-
toms. In addition, influence at work remained in both
models for the women (neck and hand-wrist models)
and in the model for hand-wrist symptoms for the men
as a significant predictor. Those with the highest risk
of developing symptoms were women with low influ-
ence at work and men with medium low influence at
work. Furthermore, a highly placed computer screen
predicted neck symptoms among the women. Sensorial
demands showed a U-shaped association with hand-
wrist symptoms among the women. Among the men a
short duration of employment in the same job and good
computer skills predicted the development of neck

Table 3. Logistic regression models for neck and hand-wrist
symptoms among the women. The P-value refers to the likeli-
hood-ratio test for the models with all women.

All women Women with same
job in follow-up
Region OR 95% Cl P-value OR  95% CI
Neck Nioa=637 Niow*=516
Previous neck or shoulder symptoms
No 1.0 - <0.001 1.0 -
1-7 days 28 19-4.1 29 19-45
Screen height relative to eye level
Below 1.0 - 0.046 1.0 -
Above 15 1.0-22 . 14 09-22
Influence at work
High 1.0 - 0.013 1.0 -
Medium high 1.4 0.8-25 1.2 07-23
Medium low 2.1 1.2-36 20 1.1-36
Low 22 1.3-37 1.6 0.9-29
Hand-wrist Nyow?=1016 Niot2*=800
Previous hand, wrist or elbow symptoms
No 1.0 - <0.001 1.0 -
1-7 days 33 1.6-24 35 2551
Sensorial demands
Low 1.0 - 0.015 1.0 -
Medium low 0.6 0.3-1.1 . 0.7 03-14
Medium high 0.8 0.5-1.3 0.8 0.5-15
High 1.3 0.8-2.0 1.3 0.8-2.1
Influence at work
High 1.0 - <0.001 1.0 -
Medium high 15 0.9-25 . 1.6 0.9-2.9
Medium low 2.3 15-38 2.8 1.6-4.7
Low 24 15-38 2.7 16-46

2 Ny = total number of respondents included in the logistic
regression model.
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Table 4. Logistic regression models for neck and hand-wrist
symptoms among the men. The P-value refers to the likelihood-
ratio test for the model with all the men.

All men Men with same
job in follow-up
Region OR 95% ClI P-value  OR  95% ClI
Neck Niow?=517 Niow?=399
Previous neck or shoulder symptoms
No 1.0 - <0.001 1.0 -
1-7 days 38 23-65 - 47 2.6-85
Duration of employment in same job
>3 years 1.0 - 0091 10 -
1-3 years 14 0.8-25 18 1.0-34
<1 year 21 11-39 21 1045
Computer skills
Very good 1.0 - 0005 10 -
Good 1.2 0.7-21 - 1.3  0.7-25
Less than good 04 0.1-0.9 . 04 02-11
Hand-wrist Nyo?=621 Nioa®=479
Previous hand, wrist or elbow symptoms
No 1.0 - <0.001 1.0 -
1-7 days 3.3 20-53 33 19-57
Influence at work
High 1.0 - 0.021 10 -
Medium high 22 1.2-40 - 20 1.0-3.
Medium low 25 13-48 . 24  12-51
Low 1.6 0.6-4.0 - 1.1 0.4-3.6

2 Noe = total number of respondents included in the logistic
regression model.

Table 5. Odds ratios (OR) and 95% confidence intervals (95%
Cl) for symptoms in relation to the duration of computer use at
work (as a fraction of the worktime) and the duration of mouse
use at work (as a fraction of the worktime). The odds ratios were
controlled for gender (model for duration of computer use), age
and other factors that were associated with the development of
symptoms (see tables 3 and 4). Only subjects who worked full-
time (32-41 hours/week) and remained in the same job during
the follow-up period were included. The models with mouse use
were further restricted to the women who used a computer al-
most continually. The P-values refer to the likelihood-ratio test.

Region OR  95%Cl P-value N

Neck

Worktime at computer
0-25% 1.0 . 0.541 645
50% 15 0.7-3.1 . .
75% 1.3 0.6-2.7
100% 16 0.8-3.3

Worktime using mouse
Seldom 1.3 04-43 0.718 203
25% 1.0 . . .
50-100% 1.7 0.5-5.7

Hand-wrist

Worktime at computer
0-25% 15 0.7-34 0.062 916
50% 1.0 . . .
75% 20 1.1-39
100% 23  1.2-43

Work time using mouse
Seldom 40 11-144 0.050 331
25% 1.0 . . .
50-100% 40 1.0-155
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symptoms in the multivariate analyses. When the final
logistic regression models were recalculated with only
the respondents who held the same job in the follow-up
period, the odds ratios were similar to those of the mod-
elsin which also the respondents who had changed jobs
were included (tables 3 and 4). The only exceptions
were the odds ratios for low influence at work, which
were reduced when the respondents who had changed
jobs were excluded. In addition, when the duration of
computer use (as a fraction of worktime) was included
in the models, the odds ratios for the other factors were
similar to those of the models without this factor (re-
sults not shown).

The duration of computer use was not significantly
associated with neck symptoms (table 5). However,
duration of computer use predicted hand-wrist symp-
toms (table 5). Those with computer use for about one-
half of their worktime showed the lowest risk, and in
comparison those with almost continual computer use
showed an odds ratio of 2.3 for hand-wrist symptoms.

The association between mouse use and neck symp-
toms was analyzed for women with almost continual
computer use (table 5). No significant association was
found. However, mouse use was associated with hand-
wrist symptoms. Thus mouse use for at least half of the
worktime as compared with mouse use for one-fourth
of the worktime showed an odds ratio of about 4. Inten-
sive computer use without mouse use also showed an
odds ratio of about 4, in comparison with mouse use for
one-fourth of the worktime.

Discussion

Response rates

The response rate was 77% in the follow-up, and there
could have been selection bias, especially if people with-
out musculoskeletal symptoms were more likely to drop
out at follow-up than symptomatic ones. However, the
prevalence of symptoms at baseline was similar among
those who remained in the study and those who respond-
ed at baseline. This finding indicates that there was no
selection bias due to musculoskeletal health status. In
addition, no sign of selection bias regarding gender was
observed. Still, almost half of the subjects who received
a questionnaire at baseline did not respond either at
baseline or at follow-up, and therefore some uncertain-
ty remains about the size of the reported effects.

Analysis strategy

Durations of computer and mouse use were not included
in the first logistic regression models, where all other



factors were potential candidates for inclusion (tables 3
and 4). One purpose of these analyses was to identify
general risk factors among computer users, asthey have
seldom been verified in follow-up studies. The time span
between the registration of potential risk factors and
outcome (symptoms >7 days within the last year) in-
creased the possibility that the identification of risk fac-
tors was due to cause-response relationships when a
comparison is made to previous cross-sectional studies.
The final models were repeated including only subjects
who had not changed jobs in the follow-up period. In
the follow-up, questions on most of the exposure fac-
tors were not repeated, and therefore the confirmation
that the subject had not changed jobs was the best way of
minimizing errors associated with a change in exposure
during the follow-up period. However, this approach
affected the final models only marginally. There was no
tendency towards a higher frequency of respondents
with symptoms or intense computer use among those
who had changed jobs; this finding indicates that the
computer users mainly changed jobs for other reasons.
In addition, the respondents with symptoms at baseline
did not show a greater tendency towards a reduced du-
ration of computer use at follow-up than those without
symptoms (data not shown).

Another purpose of the first analysis was to control
for identified risk factorsin the analyses of relationships
between duration of computer use and symptoms in or-
der to estimate the effect of computer use per se. Fur-
thermore, the question on duration of computer use was
answered in relation to the total workhours of each sub-
ject. Thus the analyses of the effect of duration of com-
puter use were also limited to subjects who worked full-
time (32—41 hours/week) and had not changed jobs so
that exposures would be as comparable as possible be-
tween the subjects and time periods. Therefore, the ef-
fects of duration of computer use were analyzed in sep-
arate logistic regression models. The effects of duration
of mouse use were also analyzed separately, asthe anal-
yses were restricted to subjects with almost continual
computer use in addition to the same restrictions used
in the former analyses of the effects of duration of com-
puter use.

Computer and mouse use

The duration of computer use at work predicted hand-
wrist symptoms but not neck symptoms. The risk of de-
veloping symptoms was increased in work with the
computer for three-fourths or more of the worktime as
compared with one-half of the worktime or less. The
odds ratios were similar before and after control for oth-
er factors that affected the development of symptoms.
The importance of the duration of computer work for
the development of symptoms has previously been
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indicated by several cross-sectional studies (1, 4, 6, 7,
10). Inthe follow-up study by Marcuset a (12), therisk
of devel oping hand-arm symptoms increased with hours
of keying among newly hired computer users with more
than 15 hours of computer use per week. The risk in-
creased more than twofold with an increase of 20 hours
of keying, whereas the risk of developing neck-shoul-
der symptoms did not increase significantly with hours
of keying. This finding is probably consistent with my
present findings, even though hours of keying was not
studied independently. In the present study the analy-
seswere restricted to those working “normal” hours (ie,
32-41 hours/week). Thusit is not known whether long-
er workhoursincrease the risk of developing hand-wrist
symptoms further, as computer users who typically work
longer hours may have other types of jobs, and other
factors may influence the development of symptoms
more or less than for the “normal” computer user.

Using the computer mouse for more than one-half
of the worktime also increased the risk of developing
hand-wrist symptoms for women when compared with
using the mouse for about a quarter of the worktime.
This finding is consistent with the results of previous
cross-sectional studies (6, 8). Typical worktasks requir-
ing intensive mouse use would be graphic design and
multimedia editing. However, intense computer use
without a mouse also increased the risk of developing
hand-wrist symptoms, probably due to the performance
of rather repetitive worktasks with intense keyboard use,
such as call-center work or data entry.

Gender and age

Women were more likely to develop symptoms than
men. In most cross-sectional studies of computer users,
the prevalence of musculoskeletal symptoms has also
been about twice as high for women as for men (3, 10).
In a recent follow-up study, the effect of gender was
dlightly smaller, aswomen showed a 1.6-1.7 times high-
er risk of developing symptoms than men (11). Howev-
er, the risk of developing clinically assessed hand-arm
disorders was 2.4 times higher for women than for men
in the same study. Part of the explanation may be that
women often perform other worktasks or jobs than men,
such as call-center work. Furthermore, other studies
have shown that identical worktasks at the computer
may be performed with more strenuous postures by
women than by men (16, 17), probably due to anthro-
pometric differences.

Age did not remain a predictor in the multivariate
models. However, having performed the same worktasks
for less than a year prior to the baseline survey was as-
sociated with a higher risk of developing neck symp-
toms among the men than having performed the same
tasks for more than 3 years. This finding indicated that
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employees who have little experience in performing
their worktask have a higher risk of developing muscu-
loskeletal problems than their more experienced col-
leagues. Differences in job content or healthy worker
selection may partly explain this result. This finding is
also consistent with the findings of Gerr et al (11), who
reported a considerable increase in the occurrence of
musculoskeletal symptoms during the first year after
being hired in anew job.

Previous symptoms

The strongest predictor of new musculoskeletal symp-
toms for more than 7 days within the last year was pre-
vious symptoms (ie, symptoms for <7 days in the year
prior to the baseline survey). Westgaard et al (18) used
previous symptoms as an indicator of individual sensi-
tivity to the development of symptoms; however, pre-
vious symptoms were defined differently than in the
present paper. If some office workers almost never ex-
perience symptoms, “ previous symptoms’ may also here
indicate a higher sensitivity among some persons. How-
ever, the high incidence relative to the prevalence also
indicated that the nature of musculoskeletal symptoms
is dynamic even from one year to another. Thus most
respondents with symptoms may experience infrequent
symptoms during some years and more frequent symp-
toms during others. An additional explanation for the
relatively high risk associated with previous symptoms
could be misclassification of the duration of symptoms.
Thus respondents with symptoms for 1-7 days within
the last year at baseline were more likely to report >7
days of symptoms at follow-up than respondents with
no symptoms at baseline simply due to errors of recall.
Thus no conclusive interpretation of the risk associated
with this factor can be made.

Psychosocial factors

Low influence at work was a risk factor for the devel-
opment of neck symptoms. Among the women low or
medium low influence at work was also arisk factor for
hand-wrist symptoms. Questions on influence at work
primarily referred to the possibilities for the employees
to organize their own work. The higher risk of develop-
ing symptoms for those with low influence could be due
to the lack of possibilities to take breaks if needed and
to plan the sequence of worktasks in a way that was
most comfortable for the individual employee.

Women with high sensorial demands were more
likely to develop hand-wrist symptoms than women with
medium low demands. This finding emphasized the im-
portance of specific job demands and job control as
work environment factors that predict the health of com-
puter users. Faucett & Rempel (5) also reported that low
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job control was associated with an increased prevalence
of symptoms. In my study several dimensions of job
demands were examined, as it is important to identify
the specific dimension(s) that predict the development
of symptoms. The dimensions (indices) and the ques-
tions contained in each index were developed by Kris-
tensen et a (14), who used these questions in psycho-
social surveys of people from the general workforce.
When compared with their data, respondents who used
computers for a large part of their worktasks in the
present study were exposed to high sensorial demands
when compared with those with many other job types.
Furthermore, high sensorial demands provide an espe-
cialy relevant focus during computer work, as a poorly
designed user interface may increase the demands for
vision and precision more than necessary. Such demands
may increase the duration of static work postures and
thereby the risk of developing musculoskeletal symp-
toms.

A surprising finding in the present study was the
lower risk of developing neck symptoms among the men
with less than good computer skills as compared with
those with good skills. Probably low skills do not have
a preventive effect, but other factors that could explain
this association were not characterized well enough to
exclude computer skills from the final model of the
multivariate analyses. The association was not found for
the women.

Workplace design

It is generally agreed that workplace design can affect
the risk of developing musculoskeletal symptoms (2).
A recent longitudinal study used workplace observations
to identify postural factors that were risk factors for the
development of symptoms among computer usersin re-
|ation to workplace design (12). However, the study also
reported a lack of association between several postural
factors and the development of symptoms. Except for
factors easily assessed by respondents, it is difficult to
study or control factors related to workplace designin a
guestionnaire study. In the present study a screen height
with the top of the screen above eye level was found to
predict neck symptoms among women. This finding is
consistent with generally accepted recommendations for
optimal workplace design. However, the same phenom-
enon was not found for the men. The risk of developing
symptoms when workplace design is nonoptima may
be due to work in postures that are constrained and in-
volve more static muscle loads than otherwise needed.

Concluding remarks

To prevent hand-wrist symptoms among computer users
with normal workhours (32—41 hours/week) computer



use should be limited to less than three-fourths of the
worktime. Worktasks requiring mouse use for at least
one-half of the worktime were found to be associated
with an increased risk of hand-wrist symptoms. Further-
more, low and medium low influence at work predicted
both neck symptoms for women and hand-wrist symp-
toms for women and men. Associations between symp-
toms and sensorial demands, good computer skills, low
duration of employment in the same job, and screen
height were not consistently observed for both women
and men and should therefore be interpreted with cau-
tion.
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