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Objectives The study examined the course of neck and shoulder pain among a cohort of technical school
students entering working life. We also aimed to identify work-related and individual risk factors for neck and
shoulder pain during this transition period.

Methods The study was designed as a prospective cohort study following 420 technical school students (167
student hairdressers, 118 student electricians, and 135 media/design students) from school, through their appren-
ticeship and into working life. Every 4" month over a 6.5 year period (2002-2009), the participant's neck and
shoulder pain for the preceding four weeks was assessed. Mechanical and psychosocial workplace factors as
well as individual factors were evaluated at baseline and/or during the follow-up period. Data were analyzed by
generalized estimating equations (GEE).

Results We found a significant increase in neck and shoulder pain over time in the transition from technical
school to working life. High mechanical workload was associated with neck and shoulder pain among women,
while a high level of shoulder muscle endurance capacity was associated with lower rates of neck and shoulder
pain among men. Perceived muscle tension and ethnicity were the most consistent predictors for neck and shoul-
der pain, found among both women and men.

Conclusion Increased neck and shoulder pain was found in the transition from technical school to working life,
and both work-related and individual factors were associated with pain development.

Key terms electrician; hairdresser; mechanical workload; musculoskeletal disorder; prospective; young worker.

As the second greatest cause of disability and having the
fourth greatest impact on overall health, musculoskeletal
disorders are a major problem globally (1). It is well
known that musculoskeletal disorders are a common
problem among the working population. In Norway,
diagnoses related to musculoskeletal pain, injuries, and
disorders are the cause of more than 40% of all sick-leave
and 30% of all disability pensions (2). This coincides with
a high and increasing prevalence of musculoskeletal pain
among young adults (3). Pain in childhood/adolescence
tends to persist (4, 5), and it has been hypothesized that
the basis of pain in adulthood may be formed at an early

1 National Institute of Occupational Health, Oslo, Norway.

2 University of Oslo, Institute of Health and Society, Oslo, Norway.
3 Tibet University Medical College, Tibet, Lhasa, China.

4 yu University Medical Center, Amsterdam, The Netherlands.

age (6). Among Norwegian adolescents (aged 13—-18),
about half of the girls and one third of the boys reported
chronic non-specific musculoskeletal pain (7). The neck
and shoulder region was most commonly affected (7). In
a study among newly employed workers, 24% reported
shoulder pain while 15% reported new onset of shoulder
pain after one year (8). In a subsample of the current
cohort, we found that young adults reporting neck and
shoulder pain during technical school had a three times
higher risk of reporting pain after entering working life
(9). Considering the pain before entering working life
may therefore be of importance when examining the
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persistence or deterioration of pain and identifying the
effect of possible work-related risk factors.

Mechanical and psychosocial workplace factors have
both been related to neck and shoulder pain (10-12).
Individual factors such as physical capacity and gender
may also be of importance (13, 14). Studies on middle-
aged and older workers have shown that both mechani-
cal workload (15) and psychosocial factors at work (16,
17) may increase the risk of neck and shoulder pain.
However few studies have been done evaluating these
risk factors among young adults in their first years of
working life. The objective of this study was to examine
the course of neck and shoulder pain among a cohort of
technical school students entering working life and iden-
tify work-related and individual risk factors for neck and
shoulder pain in this period. The identification of risk
factors for neck and shoulder pain early in working life
is important as it could improve intervention strategies
aimed at reducing pain development and increase the
possibility for young workers to sustain their working
careers.

Methods

Study design and population

The study was initiated in 2002 and recruited students
from 13 different technical schools in the greater Oslo
area in Norway. The study was designed as a prospective
cohort study following the students from school, through
their apprenticeship and into working life. The data col-
lection was conducted from October 2002 to February
2009. The baseline assessment (T0) took place at school
during school hours. Of the 496 invited, a total of 420 par-
ticipated, giving a response rate of 85%. Approximately
every four months in the follow-up period, a question-
naire was mailed to the participants” home address, giving
a total of 20 questionnaires during the 6.5-year-follow-up
period (T1-T20, table 1). At the time of the first three
questionnaires (T0-T2, October 2002—June 2003), the
participants were still attending school. During the col-
lection of the following seven questionnaires (T3-T9,
September 2003—May 2005), most of the participants
were under apprenticeship. At the time of the last 11
questionnaires (T10-T20, October 2005—February 2009),
most of them had entered working life. Table 1 gives more
information on the study design and information on the
amount of missing data during the follow-up period.

Of the 420 participants [153 men, 267 women, mean
age 17.5 (standard deviation 1.2) years] recruited in their
second year of technical school, 28% studied to become
electricians, 40% studied hairdressing, and 32% studied
media and design. All participants were followed-up
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the entire study period, regardless of their change in
occupational status. At baseline three of the participants
reported suffering from heart disease and one participant
had rheumatoid arthritis, they were, however not excluded
from the analysis. See table 2 for further background
characteristics of the study group (table 2).

Work-related factors

Technical school background. The participant's technical
school field affiliation (electrician, hairdresser or media/
design) at time of enrollment (T0), was noted and treated
as a time-constant variable. However, changes in occu-
pational status were monitored at every time point in the
study period allowing us also to consider the changes in
working status.

Mechanical workload. The participant’s self-reported
mechanical workload was assessed at baseline and in
nine questionnaires duing the follow-up period (table 1).
Twelve questions were used to assess the work-related
mechanical exposure (18). The participants were asked
whether their work involved or required repetitive
movements (one question), precision movements (one
question), manual material handling (two questions),
vibration (one question) and body postures (seven ques-
tions) such as working with their arms elevated or their
back twisted or bent forward. The three response alter-
natives were: 0 (nothing/hardly nothing), 1 (somewhat),
and 2 (a great deal). On the basis of the 12 questions,
an index was calculated ranging from 0-24 (18). Index
quartiles have been used to categorize the exposure
(18), we chose, however, to convert the index into three
categories: low (0-6), medium (7-11), and high (12-24)
on the basis of distribution of the data.

Psychosocial work factors. The participants psychosocial
working conditions were monitored in five question-
naires during the follow-up period (see table 1) but were
not assessed at baseline. Items were selected from the
General Nordic Questionnaire for Psychological and
Social Factors at Work (QPSy,.i.) (19). Quantitative
demands and control over work intensity were each
assessed by two questions. The questions on quantitative
work demand were: “Is your workload irregular so that
the work piles up?” and “Do you have too much to do?”.
The questions assessing control over work intensity
were: “Can you set your own work pace?” and “Can you
determine the length of your own breaks?”. All the ques-
tions had 5 response alternatives ranging from 0 (never/
seldom) to 4 (often/very often). The mean of the two
questions made the score for each of the psychosocial
working conditions. The mean score was also converted
into three categories: low (0—1), medium (1.1-2), and
high (2.1-4), as done in an earlier study (20).
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Table 1. Study design (2002-2009), risk factors, outcome and number of participants (N=420).

School year (Fall-Spring)

2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008  2008-2009
School Apprenticeship? Work/study®
TO ™M T2 T3 T4 T5 T6 T7 T8 T9 TI0 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20
Work-related risk factors
Educational background 420 Time constant
Mechanical workload 413 278 273 194 166 187 137 140 135 190
Psychosocial work factors . . 192 187 139 135 189
Individual risk factors:
Gender 420 Time constant
Grip strength 419 Time constant
Muscle endurance 396 Time constant
Body mass index 410 Time constant
Perceived muscle tension Time constant 214 Time contant —M8
Tobacco use 420 . . . . 203 198 146 138 191
Physical activity 420 279 298 285 263 206 195 145 138 192

Outcome
Neck/shoulder pain 420 272 292 259 280 263 239 206 215 198 182 196 166 142 144 134 141 138 112 143 191
2During T3-T9 most of the participants with background as hairdresser/electrician students did their apprenticeship, while most of the participants from
media/design were still in school.
®During T10-T20 most of the participants had entered working life, there were, however, some who continued to study.

Table 2. Individual characteristics of the participants at baseline.

Variables All (N=420) Media/design (N=135) Electrician (N=118) Hairdresser (N=167)
N % Median Range N % Median Range N % Median Range N % Median Range

Gender

Men 153 36 36 27 113 96 4 2

Women 267 64 99 73 5 4 163 98

Ethnicity

Western 348 83 107 79 98 83 143 86

Non western 72 17 28 21 20 17 24 14

Socioeconomic background

Low 66 16 17 13 18 15 31 19

Moderate/high 354 84 118 87 100 85 136 81
Tobacco use

No 201 48 72 53 59 50 70 42

Yes 219 52 63 47 59 50 97 58

Mechanical workload (0-24) 8 0-19 6 0-15 9 119 9 2-17
Body mass index 21.7 16-40 21.3 16-34 226 16-37 219  16-40
Perceived muscle tension (0-22) 2 7 0-18 6 0-17 6 017 8 0-18
Hand grip strength (kg) 285 3.5-64 27.5 13-62 425 27-64° 255 3.5-565.5¢
Shoulder muscle endurance seconds ' 200 3-900 195 42-900 300 72-900¢ 173 3-900°¢
Physical activity in leisuretime (0-6) 3 05 4 06 4 0-6 3 0-6

2 Collected at T8.

bExcluding the female electricians, the grip strength was: median 42.5 (range 27-64) kg.

¢Excluding the male hairdressers, the grip strength was: median 25.5 (range 3.5-39.5) kg.
dExcluding the female electricians, the shoulder muscle endurance: median 300 (range 74-900) kg.
¢Excluding the male hairdressers, the shoulder muscle endurance was: median 173 (range 3-695) kg.
The maximum duration time was set at 900 seconds.

Individual factors
performed in standing position with the hands pointing

Ethnicity. The participant's ethnicity was based on paren-
tal background and divided in “western” (both mother
and father from western countries) and “non-western”
(one or both parents from non-western countries).

Hand grip strength. Hand grip strength was tested at
baseline and treated as time independent. The test was

downward. Each participant performed three maximal
contractions with their dominant hand using a hand
dynamometer, model 78010, (Lafayette Instrument, IN,
USA). The highest of three attempts was recorded (21).
The score was on the basis of data distribution also
dichotomized into low and high categories, 0-29.5 and
30-64 kg, respectively.
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Shoulder muscle endurance capacity. The shoulder mus-
cle endurance was tested at baseline and treated as time
independent. The isometric endurance capacity in the
shoulder muscles was quantified by the time (seconds)
the participants could keep both shoulders abducted at
45 ° with a load of 2 kg on each wrist. They were asked
to hold the position as long as possible. This was done
in concordance with protocol from a previous study
(22). An upper limit was set at 900 seconds (15 min-
utes). Four participants reached this limit. On the basis
of the data distribution, the score was further converted
into three categories: low, medium, and high (0-155,
156-245, and 246-900 seconds, respectively).

Perceived muscle tension. The participants self-reported
muscle tension was also considered as a time independent
covariate and assessed in one questionnaire during the
follow-up period (T8). The assumption that muscle ten-
sion was stable over time (time independent) was based
on analyses of a subsample where the perceived muscle
tension was assessed at three different time points and
the score from the two following time points (T14 and
T17) were significantly correlated with the score at T8
(Spearman's p=0.67, P<0.01 and p=0.55, P<0.01). Per-
ceived muscle tension was evaluated by 11 questions on
muscle-tension habits. The questions concerned whether
the subjects had the habit of raising their shoulders, con-
tracting their neck muscles, holding tools unnecessarily
tensely, contracting their stomach muscles, wrinkling the
forehead, contracting the eyelids, contracting the chewing
muscles, holding their breath tensely, sitting on the front
part of the chair and grinding their teeth. Each question
had three response alternatives ranging from 0 (never) to
2 (often) giving a muscle tension index ranging from 0-22
(23). The score was also converted into three; low (0—4),
medium (5-10) and high (11-22).

Physical activity level in leisure time. One question was
used to measure the level of physical activity during
leisure time at baseline and in nine questionnaires dur-
ing the follow-up period (see table 1): “How often do
you perform activities that lead to increased heart rate
and shortness of breath?”. There were seven response
categories ranging from 0 (never) to 6 (everyday) (24).
The score was in addition dichotomized into two catego-
ries: “once a week or less” (0-3) and “twice a week or
more” (4-6) as done in an earlier study of a subsample
of this cohort (25).

Tobacco use. The participants were also asked about
their smoking and snuff habits. If they either were
smokers or used snuff daily or occasionally they were
characterized as tobacco users. This tobacco use was
assessed at baseline and monitored in five questionnaires
during the follow-up period (see table 1).
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Neck and shoulder pain. The participant’s neck and
shoulder pain for the preceding four weeks was as-
sessed at all 21 timepoints (T0-T20). The question-
naires included a mannequin drawing from the “Nordic
Questionnaire on musculoskeletal symptoms” with
shaded areas indicating the shoulder and neck region
to give a united understanding of the pain region (26).
The questionnaire assessed pain intensity [no (0), mild
(1), moderate (2), and severe (3) pain] and pain dura-
tion [1-5 (1), 6-10 (2), 11-14 (3), and 15-28 (4) days]
(27). A pain index was calculated by multiplying pain
intensity (0-3) and duration (1-4), giving a pain index
ranging from 0—12. The reliability of this method has
been found acceptable (28). For illustrative purposes,
the neck and shoulder pain index (0-12) was also
categorized into no pain (0) and three different levels of
pain severity: mild (1), moderate (2-3), and moderate/
severe (4—12) pain.

Missing data and imputation procedures

In our study, some of the time-varying variables were
not assessed in all 20 questionnaires of the follow-up
period and thus were missing by design (mechanical
workload, psychosocial working conditions, tobacco
use, and physical activity). There was also missing data
when the participants did not answer one or more of the
questionnaires (unit non-responders) or did not complete
single items in a questionnaire (item non-responders).
The response rate for the questionnaires ranged from
100% (N=420) at TO to 27% (N=113) at T18. A total of
21 participants (5%) answered all the 21 questionnaires
and a total of 183 participants (44%) answered >50%
of the questionnaires. Thirty participants (7%) were
missing in all follow-up questionnaires, only answer-
ing at baseline. See table 1 for more information on the
missing data. Multiple imputations of all missing values
were done based on a linear mixed model (29). The
imputation model included all the variables that are used
in the multivariate analysis in this study. Five imputed
datasets were made, on the basis of which an average
estimate was calculated (30).

Statistical analysis

Statistical analyses were done using STATA 12.0 (Stata-
Corp, College Station, TX, USA). To examine the course
of neck and shoulder pain in the study period, general-
ized estimating equations (GEE) analysis was used.
This model takes into account the correlation between
the repeated measurements within the individual. Due
to over dispersion in the discrete outcome variable, a
negative binomial GEE analysis was used. For the effect
estimates, rate ratio (RR), with corresponding 95% con-
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Figure 1a. Neck and shoulder pain prevalence among male technical school students (TO-T2) in apprenticeship (T3-T9) and entering working life
(T10-T20). Neck and shoulder pain (0-12) are categorized in four levels: no (0), mild (1), moderate (2-3), and moderate/severe (>4) pain. The
prevalence (%) of each pain level is reported at each time point (T0-T20), N=153.
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Figure. 1b. Neck and shoulder pain prevalence among female technical school students (T0-T2) in apprenticeship (T3-T9) and entering working
life (T10-T20). Neck and shoulder pain (0-12) are categorized in four levels: no (0), mild (1), moderate (2-3), and moderate/severe (>4) pain. The
prevalence (%) of each pain level is reported at each time point (T0-T20), N=267.

fidence intervals (95% CI) were reported. In all negative time the univariate and multivariate analyses were also
binomial GEE analysis, an exchangeable correlations stratified by gender.

structure was used. The multivariate analyses were
adjusted for covariates selected for inclusion a priori.
Only variables significant at P<0.05 in the univariate
analyses were reported in the multivariate analyses. The Norwegian Data Inspectorate and the scientific ethi-
Because of the gender difference in effect of pain over cal committee system approved the project. All partici-

Ethics
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pants gave their written consent and parental consent
was obtained for those younger than 18 years at baseline.

Results

A high prevalence of neck and shoulder pain was seen
at baseline (T0), with 71% of the participants reporting
pain of any level the preceding four weeks. Differentiat-
ing three levels of neck and shoulder pain showed that
37% reported mild, 13% moderate, and 21% moderate/
severe pain at baseline. Women reported a higher preva-
lence of pain compared to men during the whole period.
Figures la and 1b illustrate the course of neck and shoul-
der pain prevalence for men and women separately. Both
genders showed a decreasing trend in the prevalence of
any pain, while the prevalence of moderate/severe pain
showed an increasing trend over time.

Analyses of the course of neck and shoulder pain
as a discrete variable (index 0-12) also showed a
significant gender difference in pain reports. Women
had a 1.5-times-higher rate of neck and shoulder pain
compared to male participants during the study period
(RR=1.50, 95% CI 1.24-1.81, P<0.01). A significant
increase in pain over time was seen for the whole group
(RR=1.02, 95% CI 1.01-1.03, P<0.01) and for both gen-
ders in the stratified analyses. Stratifying the analyses by
technical school background also showed a significant
increase of neck and shoulder pain over time among
media/design students (RR=1.01, 95% CI 1.00-1.02,
P<0.01) and electrician/hairdresser students (RR=1.02,
95% CI 1.01-1.03, P<0.01). When further stratifying
by gender, all groups showed a significant increase of
neck and shoulder pain over time except female media/
design students (RR=1.00, 95% CI 0.99-1.02, P=0.67)
(See figure 2). Among females, the participants with a
background as hairdresser/electrician students showed
a significant 1.3-times-higher rate of neck and shoulder
pain compared to the female media/design students
(RR=1.30, 95% CI 1.06-1.55, P<0.01). This was not
seen when comparing the male electrician/hairdresser
to media/design students (RR=0.87, 95% CI 0.60-1.25,
P=0.46).

Unadjusted analyses

The unadjusted analyses (table 3) showed that higher
perceived muscle tension, tobacco use and ethnicity
were significantly associated with increased neck and
shoulder pain. Higher level of shoulder-muscle endur-
ance and hand-grip strength was significantly associated
with lower rates of neck and shoulder pain. Stratifying
analyses by gender showed that mechanical workload
was positively associated with increased neck and shoul-
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der pain among women but not men. A high level of
muscle endurance was, on the other hand, significantly
associated with lower rates of neck and shoulder pain
among men but not women. In both genders, there was
a significant association between perceived muscle ten-
sion and neck and shoulder pain.

Adjusted analyses

In the adjusted analyses (table 4) perceived muscle ten-
sion and ethnicity were the two variables that remained
statistically significant for the whole group. Participants
who reported a high level of perceived muscle tension
had a 56% higher rate of neck and shoulder pain com-
pared to those reporting low levels of muscle-tension
habits. This association was the most persistent of the
risk factors in our study, remained statistically signifi-
cant after adjustments and stratification by gender, and
showed a clear gradient from low to high levels in all
analyses. Individuals with parents from non-western
countries reported almost 30% more neck and shoul-
der pain compared to participants with parents from
western countries. This association was found both
among men and women, but among male participants
the association was borderline statistically significant.
The adjusted analyses stratified by gender showed a sig-
nificant association between mechanical workload and
neck and shoulder pain only among female participants.
Each additional increase in the mechanical workload
(0-24) was associated with an estimated 1% increase in
neck and shoulder pain among women. An association
between shoulder muscle endurance and neck and shoul-
der pain was only found for male participants. Excluding
the adjustment of educational background in the mul-
tivariate analyses did not change the results, however,
a slightly increased significant level for mechanical
workload among women was seen (RR=1.01, 95% CI
1.00-1.02, P=0.03). Excluding the four male partici-
pants with a background as hairdressing students and the
five female participants with a background as electrician
students did not change the conclusions of the multivari-
ate analyzes (results not shown).

Changes in the time-independent work-related factors
were analyzed and there was no statistically significant
change in the self-reported mechanical workload over
time for the whole group (RR=0.99, 95% CI 0.99-1.00,
P=0.54) or stratified by gender (women RR=0.99, 95%
CI10.99-1.00, P=0.16; men RR=1.00, 95% CI 0.99-1.00,
P=0.54). However, analyses showed a significant gender
difference in mechanical workload over the study period,
where women reported some 22% less mechanical work-
load compared to men (RR=0.78, 95% CI 0.73-0.82,
P<0.01). Analyses also show that hairdresser/electrician
students report a 36% higher workload compared to
media/design students (RR=1.36, 95% CI 1.26-1.46,
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P<0.01). Figure 3 illustrates the changes in mechanical
workload divided by gender and technical school back-
ground. Among women, the participants with a back-
ground in hairdressing showed a minor but significant
decrease of mechanical workload over time (RR=0.99,
95% CI 0.99-0.99, P<0.01), while female media/design
students showed a slight increase (RR=1.01, 95% CI
0.99-1.01, P=0.05). Among male participants with a
background as electrician students, no significant change
was seen in mechanical workload over time (RR=0.99,
95% CI 0.99-1.00, P=0.33), while among the male
media/design students, a significant increase was found
(RR=1.02, 95% CI 1.01-1.03, P<0.01).

The psychosocial work factors showed a small
but statistically significant increase for both quantita-
tive working demands (RR=1.01, 95% CI 1.00-1.01,
P<0.01) and control over work intensity (RR=1.01,
95% CI1 1.00-1.01, P<0.01) over the study period in the
cohort. A significant increase was also found for both
of the psychosocial working factors when stratifying by
gender (results not shown).

Thirty-five percent of student hairdressers (N=59)
and 19% of the student electricians (N=23) reported hav-
ing changed their occupational status during the study
period. The changes occurred throughout the follow-up
with the most changes in the transition from apprentice-
ship to working life. The participants with a background
as media/design students could end up in a variety of
jobs or fields of study and most changes occurred in
their third follow-up year (T7-T9). Of those reporting
status at the last assessment (T20), 62% with a back-

ground in electrician studies were still working as elec-
tricians (12% in other occupations and 26% students/
unemployed). Of those with background in hairdressing
studies, 30% were still in the same occupation (43% in
other jobs and 26% studying/on maternity leave/unem-
ployed). Of the male participants with a media/design
background, 53% were still studying or unemployed
and 47% held other occupations as bartenders/waiters or
computer consultants). Among the female media/design
participants, 58% were studying, on maternity leave, or
unemployed while 42% were in different occupations
such as retail or education.

Discussion

This study examined the course of neck and shoulder
pain among young adults entering working life and
found a significant effect of time and an increasing
tendency towards moderate/severe pain levels. A weak
but positive association with mechanical workload was
found among women, while shoulder-muscle endurance
was negatively associated with neck and shoulder pain
among men. Perceived muscle tension and ethnicity
were the most consistent risk factors for neck and shoul-
der pain for both women and men.

The neck and shoulder pain prevalence estimates in
our study were similar to estimates of 52% found among
workers aged 15-66 years in Norway (31). The moder-
ate/severe pain prevalence in our study was also similar
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Table 3. The unadjusted generalized estimating equations (GEE) analyses of the association between neck and shoulder pain and work-
related and individual risk factors. [RR=rate ratio, 95% Cl=95% confidence interval]

Risk factors All (N=420)

Men (N=153) Women (N=267)

Observations
N=8820 (T0-20, 6% years)

Observations
N=5607 (T0-20, 6% years)

Observations
N=3213 (T0-20, 6% years)

RR 95% CI P-value RR 95% Cl P-value RR 95% Cl P-value

Gender

Men 1.00 Reference

Women 1.50 1.24-181  <0.01
Education

Media/design 1.00 Reference 1.00 Reference 1.00 Reference

Hairdresser/Electrician 112 0.94-1.34 0.22 0.87 0.60-1.26 0.46 1.30 1.07-1.59 <0.01
Mechanical workload (0-24) 1.00 0.99-1.01 0.17 1.00 0.98-1.02 0.91 1.01 1.00-1.02 0.03

Low 1.00 Reference 1.00 Reference 1.00 Reference

Moderate 1.01 0.92-1.10 0.86 0.99 0.82-1.19 0.90 1.02 0.92-1.13 0.70

High 1.05 0.95-1.16 0.31 0.98 0.81-1.19 0.84 1.11 0.98-1.25 0.08
Control over work intensity (0-4) 1.00 0.96-1.05 0.99 1.03 0.97-1.11 0.34 0.99 0.93-1.05 0.71

Low 1.00 Reference 1.00 Reference 1.00 Reference

Moderate 0.99 0.90-1.09 0.86 0.99 0.85-1.16 0.96 0.99 0.88-1.11 0.87

High 1.02 0.92-1.13 0.74 1.1 0.94-1.31 0.22 0.99 0.86-1.12 0.83
Quantitative work demands (0-4) 1.01 0.97-1.05 0.56 1.02 0.94-1.10 0.63 1.01 0.96-1.06 0.64

Low 1.00 Reference 1.00 Reference 1.00 Reference

Moderate 1.03 0.92-1.15 0.64 1.02 0.80-1.30 0.88 1.03 0.91-1.18 0.61

High 1.02 0.92-1.14 0.68 0.98 0.78-1.23 0.86 1.05 0.92-1.20 0.45
Perceived muscle tension (0-22) 1.05 1.03-1.07 <0.01 1.04 1.01-1.07 0.02 1.04 1.02-1.06 <0.01

Low 1.00 Reference 1.00 Reference 1.00 Reference

Moderate 1.18 0.96-1.45 0.12 1.33 0.92-1.91 0.13 1.03 0.81-1.32 0.79

High 1712 1.38-2.12  <0.01 1.48 0.97-2.25 0.06 1.59 1.25-2.03 <0.01
Handgrip strength (kg) 0.98 0.98-0.99  <0.01 1.01 0.98-1.03 0.57 0.99 0.97-1.01 0.26

Low 1.00 Reference 1.00 Reference 1.00 Reference

High 0762  0.65-0.91 <0.01 0.89 0.37-2.12 0.79 1.04 0.84-1.31 0.70
Muscle endurance (seconds) 0.99 0.99-1.00 0.07 0.99 0.99-1.00 0.94 0.99 0.99-1.00 0.30

Low 1.00 Reference 1.00 Reference 1.00 Reference

Moderate 0.94 0.76-1.17 0.59 0.59 0.36-0.96 0.03 1.08 0.86-1.37 0.50

High 0.71 0.59-0.87  <0.01 0.57 0.37-0.86 <0.01 0.87 0.69-1.11 0.26
Physical activity (0-6) 0.98 0.96-1.00 0.23 0.97 0.93-1.02 0.20 0.99 0.97-1.02 0.61

<1 times per week 1.00 Reference 1.00 Reference 1.00 Reference

>2 times per week 0.97 0.90-1.04 0.35 0.96 0.84-1.09 0.51 0.98 0.90-1.06 0.59
Tobacco use

No 1.00 Reference 1.00 Reference Reference

Yes 1.21 1.02-1.44 0.03 1.32 0.96-1.83 0.09 0.94-1.38 0.19
Ethnicity

Western 1.00 Reference 1.00 Reference Reference

Non-western 1.23 1.02-1.48 0.03 1.31 0.90-1.91 0.16 1.22 0.99-1.49 0.06
Time (T0-T20) 1.02 1.01-1.03  <0.01 1.03 1.02-1.04 <0.01 1.01 1.01-1.02 <0.01

2The RR for all is not between the RR in the two subgroups. This can be explained by confounding by gender.

to the 19% reporting to be intensely bothered by pain
during the preceding four weeks in a cohort of mainly
non-manual workers (12). Weekly neck and shoulder
pain among high school students have shown prevalence
rates between 17-28% (32, 33).

The course of any level of neck and shoulder pain in
transition from school to working life showed a decreas-
ing trend. A decrease in neck and shoulder pain after the
baseline assessment has also been found in a previous
observational study (27). This may illustrate a bias in
the initial pain report related to the first assessment
bringing attention to symptoms that the participants usu-
ally do not think about. The results show on the other
hand an increase in the prevalence of moderate/severe
pain reports in the study period, which may illustrate
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an effect of the transition into working life. However,
it may also be an effect of time, consistent with the
knowledge of increased pain with increasing age (34).
Females reported more neck and shoulder pain than
males. This is a phenomenon found both in childhood
(7) and adult working populations (35). There are sev-
eral hypotheses explaining these gender differences [ie,
the exposure (36, 37) and vulnerability (38) hypotheses].
Adjusting for work-related and other individual factors,
the gender difference became weaker although women
still had a 33% higher rate of neck and shoulder pain
compared to male participants. Comparing the results
for women and men is difficult as the gender differ-
ences can hardly be disentangled from occupational
differences. The gender dichotomy we have found may
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Table 4. The adjusted generalized estimating equations (GEE) analyses 2 of the association between neck and shoulder pain and work-
related and individual risk factors. [RR=rate ratio, 95% Cl=95% confidence interval]

Risk factors All (N=420) Men (N=153) Women (N=267)
Observations Observations Observations
N=8820 (T0-20, 6% years) N= 3213 (T0-20, 6% years) N=5607 (T0-20, 672 years)
RR 95% Cl P-value RR 95% Cl P-value RR 95% Cl P-value
Gender
Men 1.00 Reference
Women 1.33 0.99-1.78  0.05
Education
Media/design 1.00 Reference 1.00 Reference 1.00 Reference
Hairdresser/Electrician 1.07 0.89-1.30 047 0.77 0.53-1.11 0.16 1.19 0.96-1.47 0.12
Mechanical workload (0-24) 1.01 0.99-1.02  0.08 1.00 0.99-1.02 0.61 1.01 1.00-1.02  <0.05
Low 1.00 Reference 1.00 Reference 1.00 Reference
Moderate 1.04 0.95-1.14 038 1.07 0.90-1.27  0.92 1.05 0.94-1.16 0.39
High 1.08 0.97-119  0.16 1.03 0.86-1.24  0.71 1.1 0.99-1.26 0.08
Perceived muscle tension (0-22) © 1.04 1.02-1.06  <0.01 1.04 1.01-1.08  0.02 1.04 1.02-1.06  <0.01
Low 1.00 Reference 1.00 Reference 1.00 Reference
Moderate 118 0.94-1.47 0.5 1.42 0.99-2.05 0.06 1.07 0.82-1.39 0.64
High 1.56 1.24-1.97 <0.01 1.53 0.96-2.43 0.07 1.51 1.16-1.98  <0.01
Handgrip strength (kg) © 1.00 0.99-1.02  0.98 1.01 0.99-1.03 0.21 0.99 0.97-1.01 0.50
Low 1.00 Reference 1.00 Reference 1.00 Reference
High 1.04 0.81-1.35  0.72 0.91 0.33-2.52 0.86 1.07 0.83-1.37 0.61
Muscle endurance (seconds) ® 1.00 0.99-1.00 0.88 1.00 0.99-1.00  0.99 0.99 0.99-1.00 0.73
Low 1.00 Reference 1.00 Reference 1.00 Reference
Moderate 0.96 0.77-1.21 0.75 0.67 0.43-1.07  0.10 1.06 0.83-1.35 0.66
High 0.85 0.68-1.06  0.16 0.66 0.44-0.99 <0.05 0.94 0.75-1.19 0.64
Tobacco us
No 1.00 Reference Reference Reference
Yes 113 094-1.35 0.20 0.95-1.85 0.10 0.85-1.28 0.68
Ethnicity
Western 1.00 Reference 1.00 Reference Reference
Non-western 1.29 1.07-1.50 <0.01 1.42 0.98-2.08  0.07 1.24 1.00-1.53  <0.05
Time (T0-T20) 1.02 1.01-1.03  <0.01 1.03 1.02-1.05 <0.01 1.01 1.00-1.02  <0.01

2The analyses are adjusted for the other variables listed in the table in addition to: control over work intensity, quantitative work demands and physical
activity in leisure time. In addition adjustments for gender were done in the analyses of all subjects.

b The continuous/discrete and categorized variables were analyzed separately.
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Figure 3. Fitted mechanical workload
(0-24) over time (T0-T20) with 95%
confidence interval (95% Cl), divided
by technical school background and
gender (N=420).
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be explained by the difference in their occupations as
most of the electricians were male and most hairdressers
were female. To address this, we conducted unadjusted
analyses of associations separately for “pain and gen-
der” and “pain and educational background”. Females
with a background as student hairdressers had more
neck and shoulder pain in their first years of working
life compared to females with a background in media/
design. These results are supported by a cross-sectional
study comparing hairdressers with non-hairdressing
controls (39). Males with a background in electrician
studies showed less neck and shoulder pain compared
to males with a background in media/design. This was
unexpected as earlier studies have shown that work-
related musculoskeletal pain is over-represented among
construction workers and older electricians (40, 41).
This can indicate that using the “intention-to-treat” prin-
ciple, disregarding changes in occupation during follow-
up was inaccurate. However, analyzes done excluding
those leaving their occupation as electricians during the
follow-up did not change these results.

Among the general working population, both work-
related mechanical and psychosocial factors have been
found as independent risk factors in the development
of neck and shoulder pain (20, 42). These studies were
all carried out among workers with a relatively long
exposure time in working life compared to the young
workers in our cohort. In a study of newly employed
workers, however, evidence has been found to support
the importance of mechanical work-related factors on
the onset of new shoulder pain (8). Our results indicate
that increased mechanical workload may play a role in
the start of working life for the development of neck and
shoulder pain, especially among women. No significant
association between psychosocial work factors and neck
and shoulder pain among young workers was found in
our study, which is in contrast to other studies (12, 20).
Our results are, however, supported by a study among
newly employed workers (8). Perhaps simply being
newly employed or in the first years of working life there
is lower expectation of having control over work inten-
sity compared with older more experienced workers.
A significant increase over time for both work-related
psychosocial factors was seen in our study, and — as sug-
gested by Karasek in the demand—control model — high
job control may buffer the effect of high job demands
on workers health outcome (43).

Perceived muscle tension was consistently associ-
ated with neck and shoulder pain in our cohort. The
literature supports this association (11, 44), and a pro-
spective study among office workers assessing neck and
shoulder pain every three months over one year showed
that perceived muscle tension predicted future symp-
toms (45). An association between perceived muscle ten-
sion and vocational trapezius muscle activity measured
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by electromyography during pauses was found in an
analyzes of a subsample from the current cohort (25). A
study among females in service occupations found that
their reported general tension was associated with the
presence of psychosocial stress (46). In a longitudinal
study of young adults (aged 15—18 years) psychosomatic
stress symptoms increased the risk of developing neck
and shoulder pain seven years later (32). The association
between psychosomatic symptoms among adolescents
and musculoskeletal pain in adulthood may be explained
by increased tension (32).

Ethnicity was consistently associated with neck and
shoulder pain and its importance has also been dem-
onstrated in other studies on working populations (47,
48). It has been hypothesized that ethnicity may play an
important role due to both biological and cultural dif-
ferences in pain (49).

Shoulder muscle endurance was associated with
lower levels of neck and shoulder pain among men in
our cohort, coinciding with earlier studies of young
adults (50, 51). An imbalance between exposure to
mechanical workload and the individual’s physical
capacity might be a risk factor of musculoskeletal dis-
orders. However, few quality studies have evaluated
these associations, and a previous review has found the
literature inconclusive (52).

Methodological considerations

One of the methodological strengths of our study is the
longitudinal design with frequent and repetitive mea-
surement of both the outcome and exposure variables.
Studies with long follow-up often interpret associations
between exposure at baseline and outcome at follow-
up without considering changes in the period between
the two measurements. This limits the studies predic-
tive value. In our study, neck and shoulder pain was
assessed approximately every four months to minimize
a possible recall bias. Furthermore, the work-related
factors were treated as time independent, taking into
account changes in these factors over time. The study
population consisted of young adults in transition from
studying to working life giving a population with no
earlier exposure to work-related risk factors. Earlier
studies investigating these relationships have mainly
been conducted among middle-aged and older workers
susceptible to a healthy worker effect, which may lead to
an underestimation of the risk of neck and shoulder pain.
The current study minimizes this effect by following all
subjects regardless of change in occupational status.
The limitations of the present study include pos-
sible reporting bias as most of the data were collected
through questionnaires. Self-reports may be influenced
by, for example, personality dimensions such as nega-
tive affectivity (common method bias) (53). Follow-



up studies often suffer from high drop-out rates, and
self-administered questionnaires tend to be answered
primarily by those who perceive the questions to be
relevant (54). The high participation rate at baseline in
the current study was possibly due to the fact that it was
done during school hours, thereby including those who
usually do not respond to questionnaires. Selection of
individuals with musculoskeletal pain resulting in bias
is, therefore, considered unlikely.

Studies of adolescents are often carried out on either
high school or technical school students. Earlier studies
comparing the two populations have found differences
in health habits (24), limiting the external validity of
our study to technical school students in their transition
into working life.

Keeping the methodological limitations in mind, our
study indicates that neck and shoulder pain increases
over time in the transition from school to working life
and both work-related and individual factors are associ-
ated with pain development. Even though the effects are
relatively small, they may still be of importance when
considering the population’s young age and the short
exposure time to work-related factors.
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