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Objective The aim of this cohort study was to examine associations between physical exposures throughout
working life and hand-grip strength (HGS) in midlife.

Methods The Copenhagen Aging and Midlife Biobank (CAMB) provided data about employment and HGS for
3843 Danes. Individual job histories, including duration of employment in specific jobs, were assigned exposures
from a job exposure matrix. Exposures were standardized to ton-years (lifting 1000 kg each day in one year),
stand-years (standing/walking for six hours each day in one year) and kneel-years (kneeling for one hour each
day in one year). The effects of exposure-years on HGS were analyzed as linear effects and cubic splines in
multivariate regression models, adjusted for potential confounders.

Results Mean age was 59 years among both genders and HGS was 49.19 kg [standard deviation (SD) 8.42] and
30.61 kg (SD 5.49) among men and women, respectively. Among men, exposure to kneel-years was associated with
higher HGS [>0.030 kg (P=0.007) per exposure-year]. Ton- and stand-years were not associated with HGS among
either men or women in linear analyses. In spline regression analyses, associations between ton- and stand-years
and HGS were non-linear and primarily positive among men. Among women, the associations were non-linear and,
according to ton-years, primarily negatively associated with HGS but statistically insignificant.

Conclusion A history of physical exposures at work explained only a minor part of the variation in HGS, though
exposure to kneeling throughout working life was associated with a slightly higher HGS among men. Exposure
to lifting and standing/walking was not associated with HGS.
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The influence of work-related exposures on muscle
strength has been discussed since the 1980s, where occu-
pational physical activity was thought to strengthen
manual workers (1). Since then the focus has been on the
deteriorating effects of physical exposures, which are now
known to be important risk factors in the development
of musculoskeletal symptoms and diseases (2, 3). It has
been suggested that exposure and musculoskeletal injury
(or deterioration) follow a dose—response relationship (4),

but threshold values for duration or intensity of expo-
sure have not been established (3, 5). One explanation
for this is the multi-factorial origin of musculoskeletal
symptoms and diseases, including genetic, morphologi-
cal, psychological, and biomechanical risk factors (4,
5). Theories about cumulative load suggest “wear and
tear” as an important factor in the deterioration of the
musculoskeletal system (4, 5), and the underlying muscu-
loskeletal aging process also plays an important role (6).
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Few studies have used the objective outcomes of physical
function as signs of occupational musculoskeletal dete-
rioration though objective measures have been suggested
to be less biased than self-reports (7). Hand-grip strength
(HGS) is a simple objective measure of muscle strength
and a well-known predictor of morbidity and disability
among older people (8—10) and of mortality among both
younger (11) and older age groups (8,12,13). A positive
association between manual work and HGS was shown
among men with a high workload compared to men with
a lower workload in a cross-sectional study (14), sug-
gesting a training effect. A few longitudinal studies have
had contradictory results. Savinainen et al (15) found
no association between perceived physical workload at
baseline and HGS after 22 years of follow-up (mean age
67.3 at follow-up); while Stenholm et al (16) found that
self-reports of physical work at baseline were associated
with lower HGS at follow-up 22 years later (mean age
48 at follow-up). However, changes in exposure or total
amount of exposure during the follow-up period were
not taken into account in these studies. Torgen et al (17)
included a retrospective assessment of exposures at work
and found that HGS was higher among middle-aged
manual workers with a history of physical work compared
to non-manual workers (17). On the contrary Nygaard et
al (18) found no association between current or lifetime
physical occupational exposures and HGS among 19-64-
year old workers.

The inconsistency of results, suggesting both the
training and deteriorating effects of physical exposures
on midlife HGS, could be due to differences in study
design and lack of power in follow-up studies. The aim
of this study was to evaluate the association between
physical exposures throughout working life and midlife
HGS in a large, population-based cohort in Denmark.
More specifically, we wanted to study whether a history
of physical exposures at work was associated with HGS
when we took other determinants of HGS into account.
Previous studies of associations between exposures at
work and HGS are ambiguous and, based on these, we
hypothesized that there would be no association between
physical exposures and HGS in midlife.

Methods

Study design and participants

This population-based retrospective cohort study
included a cross-sectional physical examination as
part of the Copenhagen Aging and Midlife Biobank
(CAMB) (19). CAMB was established to study signs of
early aging among middle-aged Danes and was based
on three existing Danish cohorts. In this study, we used
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data from two of the three cohorts in CAMB: the Met-
ropolit Cohort (MP) and the Danish Longitudinal Study
on Work, Unemployment and Health (DALWUH). In
total, 12 656 middle-aged men and women were invited
to take part (see figure 1).

The data collection in CAMB took place between
April 2009 and March 2011 and included a postal
questionnaire and a health examination at the National
Research Centre for the Working Environment
(NRCWE). This involved a review of the completed
questionnaire, measurement of weight and height, physi-
cal tests including measurement of HGS, cognitive tests,
blood sampling, and finally information about health
status arising from some of the results of the examina-
tion. For details about the use of data from CAMB in
this study see our research protocols (20). The selection
of participants is illustrated in figure 1.

Exposure

The assessment of physical exposures at work was based
on information about job history from the questionnaire
combined with data from a job exposure matrix. Self-
reports of physical exposures in the workplace derived
from the questionnaire were not used since they had low
reliability compared with similar information derived
from a semi-structured interview (21). The CAMB ques-
tionnaire provided job titles and length of service for
the participants’ five longest-held occupations. Each
participant’s job history was coded according to the 1988
revision of the Danish version of the International Stand-
ard Classification of Occupations register (D-ISCO 88)
(20). From an existing Danish job exposure matrix (the
knee-hip matrix), information about physical exposures
in Danish jobs (linked to D-ISCO-88 codes) was retrieved
(22). The knee-hip matrix was based on expert judgments
of physical exposures associated with risk of osteoarthritis
in the lower limb: sitting, standing/walking, whole-body
vibration, kneeling, and lifting (weight and number of
heavy lifts) (20). In the present study, we used three
physical exposures as proxy measures for occupational
physical activity: (i) lifting, because lifting at work is
the main physical exposure included in the definition of
hard physical work (23); (ii) standing/walking, because
standing/walking at work is a common exposure, even in
jobs that do not include lifting but are still categorized as
physical work, like cleaning; and (iii) kneeling, because
kneeling is a specific exposure in physically demanding
job types, like floor laying or plumbing.

The total amount of exposure for a study participant
was expressed as the number of years a standard daily
exposure incurred. Thus, the years of employment in
each of the jobs retrieved from the questionnaire were
multiplied by the corresponding daily amount of lift-
ing, standing/walking, and kneeling retrieved from the
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Three existing Danish Cohorts in Copenhagen Aging and Midlife Biobank (CAMB)

The Metropolit cohort (MP)

All men born in 1953 in the
Copenhagen Metropolitan
Area.

The Danish Longitudinal
Study on Work,
Unemployment and Health
(DALWUH)

A random sample in 1999 of
men and women born in
1959 and 1949.

The Copenhagen Perinatal Cohort

Individuals born at the National
University Hospital, Copenhagen,
between 1959 and 1961.

7,750 4,906

12,656 were invited in this
sub-study of CAMB

il

5,095 (40,3%)
answered the questionnaire

il

3,857 (75,7%)
attended the examination

il

3,843 (99,6%)
had their hand grip strength
measured

knee-hip matrix, and then calculated for the participants’
entire working life. In this way the exposures were
standardized as ton-years (lifting 1000 kg each day in
one year), stand-years (standing/walking at work for six
hours each day in one year) and kneel-years (kneeling at
work for one hour each day in one year).

Outcome

HGS was measured with a Jamar dynamometer (model
G100, Biometrics Ltd, Newport, UK) wired to a com-
puter’s signal conditioning interface, enabling automatic
recording of the grip strength force. Each participant sat
upright in a chair with the elbow flexed at 90 ° and was
instructed to squeeze the dynamometer as fast and as
forcefully as possible (24). The maximum force value
(kg) of five possible attempts was defined as the HGS.

Covariates and intermediate variables

From the CAMB questionnaire, we had information
about age, height, weight, vocational education, chronic
diseases, leisure-time physical activity (LTPA), and pain
in hands and wrists.

5,282

Figure 1. CAMB cohorts and participation.

Our theoretical model is seen in figure 2. Muscle
strength declines over time, and age is an important
confounder since it also influences length of exposure.
Height and weight (among men) are strongly correlated
to HGS (25) and therefore included in the models. Men
were included from the MP and DALWUH cohorts
therefore “cohort” was included as a covariate. Voca-
tional education is associated with both exposure and
outcome and therefore included as a confounder in the
theoretical model. Vocational education was categorized
into five groups: unskilled, skilled manual worker,
and short-, medium-, or long-cycle further education.
Chronic diseases influence exposure but could be a
result of exposures, too, and therefore a potential media-
tor in the theoretical model. Number of chronic diseases
was registered and grouped in three: 0, 1, and >2 chronic
diseases. Diseases supposed to influence both expo-
sure and outcome were asthma, diabetes, hypertension,
angina pectoris, stroke, myocardial infarction, bron-
chitis, emphysema, rheumatoid arthritis, osteoarthritis,
cancer, anxiety, depression/other psychiatric diseases,
and back pain. LTPA influences physical capacity and
thereby both exposure and outcome, however the level
of physical activity at work likewise influences LTPA.

Scand J Work Environ Health 2013, vol 39, no6 601
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EXPOSURE OUTCOME
Chronic diseases
A history of <:> Lei-su're-time physical'activity :> Hand grip strength
physical exposures Pain in hands and wrists in midlife
at work
Sex, Age, Height, Weight, Cohort Flgure_ 2_. Theoretical model.
Associations between expo-
Vocational education sure _and outcome including
covariates.

Information about the intensity of weekly physical
activity during leisure-time was categorized as medium/
hard=>4 hours a week, light=<4 hours a week, and
sedentary=reading/watching television during leisure
time. Pain was a potential mediator too, and pain in one
or both hands and wrists was registered on a scale from
1 (no pain) to 9 (worst possible pain).

Statistical methods

Sex influences both exposures and muscle strength and
all analyses were stratified by gender. The associations
between exposure-years and HGS, adjusted for poten-
tial confounding, were estimated in multivariate linear
regression models. Model 1 included age, height, and
weight; model 2 included covariates from model 1 and
vocational education. Chronic diseases, LTPA and pain
in hands/wrists could both be mediators and confounders
and thus were introduced separately to model 2 to study
the effect on the associations. To evaluate how well the
models predict HGS, we report the proportion of the
variation explained by the regression models (R?) (26).
We analyzed for interaction between height and weight
and between exposure-years and LTPA. Since the effect
of physical exposures on HGS was hypothesized to be a
combination of training, deterioration, and aging effects,
a linear term may be too limited to characterize this asso-
ciation. Therefore we studied the shape of the association
by modeling it as a restricted cubic spline function. The
resulting spline functions were then plotted to show the
expected increase in HGS attributed to each category of
exposure, avoiding a linearity assumption (27, 28).

All analyses were performed using SAS 9.2 (SAS
Institute, Cary, NC, USA), except the regression with
spline functions which were done in the R system for
statistical computation.

Results

The characteristics of the study population are presented
in table 1. Mean age was 59 (53-64) years and men
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constituted 79.2% of the study population since the MP
cohort included only male participants. Mean seniority
in work based on the five longest-held employments reg-
istered in the CAMB questionnaire was 31.67 (SD 7.85)
years among men and 30.10 (SD 8.82) years among
women. Mean HGS was 1.6 times higher among men
compared to women, and women had fewer exposure-
years than men.

In the unadjusted analysis of the association between
ton-years and HGS, a significant decline of 0.014 kg
per ton-year was seen among men (P=0.045). How-
ever, when adjusting for age, height, and weight, the
association between ton-years and HGS disappeared.
In women no significant association was seen in either
of the models (table 2). In all unadjusted analyses, the
physical exposures explained less than 1% of the varia-
tion in HGS however the full model explained up to 24%
of the variation.

Among men, exposure to kneel-years was positively
associated with higher HGS in model 2, increasing HGS
by 0.030 kg per exposure-year (P=0.007), see table 2.

In unadjusted analyses of associations between LTPA
and HGS, we found that medium/high compared to sed-
entary LTPA increased HGS by 2.57 and 2.04 kg among
women and men respectively (P=0.0025 and 0.0002).
However, when LTPA was introduced to model 2, the
association between kneel-years and HGS in men was
attenuated only slightly. Having >2 chronic diseases
decreased HGS by 1.29 and 1.28 kg among women and
men respectively (P=0.0059 and P=0.0007) in unad-
justed analyses. However, when included in model 2,
chronic diseases affected the associations only slightly.

There was no significant interaction between height
and weight, and only one statistically significant inter-
action term between ton-years and LTPA among men.
Introducing the interaction term to model 2 attenu-
ated the association between ton-years and HGS (from
=-0.003 kg, P=0.653 to =0.0003 kg, P=0.9567).

The associations between each of the three physical
exposures and HGS were evaluated visually (figure 3).
Exposure to ton- and stand-years was slightly positively
associated with HGS among men (figure 3, left column).
The non-linear regression confirmed the positive asso-
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Table 1. Characteristics of the study population, exposures and outcome. [MP=Metropolit Cohort; DALWUH=Danish Longitudinal Study on Work,

Unemployment and Health; SD=standard deviation]

Men Women
N % Mean SD N % Mean SD
Age 4035 58.99 2.32 1060 58.58 5.00
Height (cm) 3968 179.66 6.76 1045 166.58 6.15
Weight (kg) 3941 85.86 14.34 1029 69.79 13.26
Pain index 2 3964 1.88 1.72 1044 2.44 2.20
Duration of working years ° 3880 31.46 8.12 1016 29.69 8.94
Chronic diseases © 3993 1052
No disease 1225 30.68 320 30.42
1 disease 1326 33.21 3 29.56
>2 diseases 1442 36.11 421 40.02
Vocational education 3964 1039
Long cycle 738 18.6 131 12.6
Medium cycle 857 21.6 313 301
Short cycle 336 8.5 107 10.3
Semi-skilled 1689 426 387 37.2
Unskilled 344 8.7 101 9.7
Intensity of leisure-time physical activity ¢ 3957 1040
Medium/hard 1253 317 255 24.5
Light 2240 56.6 706 67.9
Sedentary 464 1.7 79 7.6
Labor market status 3953 1033
Employed 3561 88.3 802 77.6
Unemployed ¢ 474 1.7 231 22.4
Cohort f 4035 1060
MP 3153 781 . .
DALWUH 882 21.9 1060 100.0
Ton-years ¢ 3880 12.90 23.15 1016 6.04 12.38
Stand-years " 3880 11.26 13.80 1016 7.43 11.44
Kneel-years | 3880 7.29 14.99 1016 1.14 2.99
Hand grip strength (kg) 3059 49.19 8.42 784 30.61 5.49

2 Pain in hands and wrists. Score 1-9, where 1=no pain and 9=worst possible pain.

b Duration of working years: summation of years in the five longest employments registered in the questionnaire.
¢ Asthma, diabetes, hypertension, angina, stroke, bronchitis, chronic obstructive pulmonary disease, rheumatoid arthritis, osteoarthritis, cancer, anxiety,

depression, psychiatric diseases, and back disease.

4 Medium/hard = >4 hours a week, light=<4 hours a week, sedentary=reading/watching television during leisure-time.
¢ Unemployed=currently unemployed and early retirement, disability pensioners etc.

fMale participants were from two cohorts.

9 Amount of lifting during working life. One ton-year is lifting 1000 kg each day in one year.
" Total exposure to standing/walking at work. One stand-year is standing/walking for six hours each day in one year
i Total exposure to kneeling at work. One kneel-year is kneeling at work one hour each day in one year.

ciations found in the linear models according to kneel-
years among men, but the association was non-linear.
Among women, the associations were non-linear and
primarily negative, but all regressions were statistically
insignificant (figure 3, right column).

Attrition analyses

Attrition analyses on the total CAMB study sample,
including all three cohorts, showed that responders
to the questionnaire (7191/17 938) and participants
attending the physical examination (5576/17 938) had
significantly higher education and were more likely to be
employed compared to non-responders/non-participants
(based on data from Danish registers). Use of the health-
care system (ie, visits to the general practitioner during
2009) showed no statistically significant difference

among the responders/participants and non-responders/
non-participants, suggesting that participants and non-
participants did not differ with regard to general health
(19). Furthermore, using data from the two cohorts in the
present study, we compared those who only completed
the questionnaire (1238/5095) with those who took
part in both the questionnaire study and the physical
tests (3857/5095). We found that participants taking the
physical tests were exposed to fewer physical exposures
at work (11.7 versus 16.9 ton-years among men and 5.1
versus 9.0 ton-years among women), reflecting partici-
pants’ higher educational attainment level.
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Table 2. Multivariate linear regression models. Associations between exposure-years and hand-grip strength.

Men Women
N Regression  P-value R2a N Regression P-value R2a
coefficient (%) coefficient (%)
Ton-years ®
Unadjusted 2986 -0.014 0.045 0.13 767 -0.016 0.317 0.13
Model 1 ¢ 2945 -0.007 0.296 12.1 755 -0.011 0.454 21.9
Model 2 ¢ 2911 -0.003 0.722 12.6 748 -0.004 0.812 232
Model 2 and leisure-time physical activity ¢ 2896 -0.003 0.653 13.4 745 -0.001 0.928 249
Model 2 and chronic diseases 2909 -0.001 0.864 13.0 748 -0.005 0.752 23.7
Model 2 and pain index ¢ 2904 0.003 0.730 13.9 747 -0.004 0.803 24.4
Stand-years "
Unadjusted 2986 -0.014 0.233 0.05 767 -0.008 0.667 0.02
Model 1 ¢ 2945 0.010 0.339 12.1 755 -0.011 0.496 21.9
Model 2 ¢ 2911 0.022 0.087 12.6 748 0.001 0.932 23.1
Model 2 and leisure-time physical activity ¢ 2896 0.020 0.119 13.4 745 0.002 0.908 249
Model 2 and chronic diseases 2909 0.024 0.063 13.1 748 0.001 0.955 23.7
Model 2 and pain index ¢ 2904 0.030 0.021 14.0 747 0.001 0.936 24.4
Kneel-years i
Unadjusted 2986 0.007 0.522 0.01 767 -0.053 0.453 0.07
Model 1 ¢ 2945 0.024 0.017 12.3 755 -0.070 0.271 22.0
Model 2 ¢ 2911 0.030 0.007 12.8 748 -0.025 0.696 23.2
Model 2 and leisure-time physical activity ¢ 2896 0.026 0.021 13.5 745 -0.017 0.790 249
Model 2 and chronic diseases | 2909 0.031 0.005 13.3 748 -0.030 0.645 23.8
Model 2 and pain index ¢ 2904 0.036 0.001 14.2 747 -0.030 0.641 24.4

2 The proportion of the variation explained by the regression model in %.

® Amount of lifting during working life. One ton-year is lifting 1000 kg each day in one year.

¢ Adjusted for age, height, weight, and cohort.
4 Adjusted for Model 1 + vocational education.

¢ Medium/hard=>4 hours a week, light=<4 hours a week, sedentary=reading/watching television during leisure-time.

fChronic diseases in three groups: 0, 1 or >2 of the following diseases: asthma, diabetes, hypertension, angina, stroke, bronchitis, chronic obstructive
pulmonary disease, rheumatoid arthritis, osteoarthritis, cancer, anxiety, depression, psychiatric diseases, and back disease.

9 Pain in hands and wrists. Score 1-9, where 1=no pain and 9=worst possible pain.

" Total exposure to standing/walking at work. One stand-year is standing/walking for six hours each day in one year.

i Total exposure to kneeling at work. One kneel-year is kneeling at work one hour each day in one year.

Discussion

A history of physical exposures throughout working
life explained only a minor part of the variation in HGS
observed in this cohort. A positive association between
exposures to kneeling and midlife HGS was seen among
men, whereas exposure to lifting and standing/walking
was not associated with HGS among men or women.
The effect of exposure to kneel-years in men was
non-linear and most pronounced for exposure to 20—40
kneel-years (figure 3). Since the effects on HGS were
different for the three outcome measures, one can specu-
late how jobs including lifting and standing/walking
differ from jobs including kneeling according to expo-
sures to the upper limb. It is well known that strong
hand movements in vigorous activities increase HGS
(25), and maybe the use of hand-held tools in work-
ers kneeling at work (eg, carpenters, floor layers and
plumbers) could explain part of the results. In fact,
studies have shown that older power line technicians
had higher HGS than expected for their age (29) and
older waste collectors had higher shoulder strength
compared to their younger colleagues (30), suggesting
a task-specific training among older workers. Schibye et
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al (31) compared their results to studies of meat cutters
who had lower HGS than waste collectors, maybe due
to the lack of variety in job tasks among meat cutters
compared to waste collectors (31). Workers with repeti-
tive jobs are standing most of the day, and the jobs might
include lifting, but seldom kneeling and thereby earning
primarily “stand-years”. In our study, an expert judg-
ment of repetitive work was not available from the job
exposure matrix, but we found no association between
self-reports of repetitive work and HGS in additional
analyses (results not shown).

We found no association between physical exposures
and HGS among women. This is in accordance with
Rantanen et al (32) who found that a history of physi-
cal exposures had no association with muscle strength
(including HGS) among older women (32). However
in spline regressions, we found signs of deteriorative
effects of ton-years on HGS among women. This is in
contrast to the findings by Torgen et al (17) who found
signs of a strengthening effect from the accumulated
amount of physical work on HGS among both women
and men. Few women had a history of physical expo-
sures and almost no women were exposed to kneeling at
work. There was a gender segregation in jobs in this age-
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cohort since exposed women had mainly been employed
as assistant nurses and cleaning assistants, whereas
exposed men were employed in many different jobs with
a variety of exposures. It is not known whether women
would have had the same effect of exposure to kneeling
if they had had the same jobs as men. Women have a
higher relative workload if they perform the same tasks
as men due to their lower muscle strength. Therefore,
compared to men, women have another threshold and for
example benefit from light physical activity in leisure-
time like gardening (33). We found, however, that
moderate-to-high activity in leisure-time increased HGS
significantly among both men and women in unadjusted
analyses. Existing evidence is limited by methodological
problems due to categorization and misclassification of
physical activity at work and during leisure-time, and
also activity related to transportation and household
work. Earlier studies have shown ambiguous results:
LTPA was beneficial to HGS among middle-aged men
(25) whereas no association was seen between baseline
physical activity or persistent physical activity and HGS
in midlife in a recent follow-up study (16). Interaction
between physical exposures at work and physical activ-
ity during leisure-time is a possible bias, but we found
no interaction between exposures and LTPA except in
one exposure group among men. However, inclusion
of this interaction term in the regression model did not
change the relationship between the exposure and the
outcome. Another possible bias, in studies of associa-
tions between LTPA and HGS, is participation in sports
involving rackets and weight lifting (34). Unfortunately,
we had no data on these types of sports in our study.

Introduction of chronic diseases to the models did
not change the associations between exposure and out-
come. Stenholm et al (16) found that the number of
chronic diseases was not associated with HGS but,
on the other hand, specific diseases (such as diabetes,
hypertension, and asthma) increased the decline in HGS
during follow-up. Including a variety of chronic diseases
without weighting the diseases or analyzing them sepa-
rately could be a bias in our study. On the other hand,
Torgen et al (17) found that present musculoskeletal
symptoms exerted a minor influence on the relation-
ship between physical work and physical capacity. In
this study, pain in hands and wrists was associated with
lower HGS but explained only an additional 1% of the
variance in HGS among both men and women when
included in model 2.

The highest increase in HGS observed in this study
(ie, among men with a history of kneeling) was 2 kg;
according to our study protocol (20), we regarded a differ-
ence of 4 kg as clinically relevant. Therefore, though the
non-linear analyses showed higher HGS among exposed
men, the increase in HGS was not as high as expected
and not equal among exposure groups. The low correla-
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tion between physical exposures and HGS in midlife
indicates that occupational exposures play only a minor
role in the variations of HGS in this age group. In studies
that have shown clinically relevant differences in HGS
among manual and non-manual workers, results could be
biased due to inclusion of both mediators and confound-
ers in the theoretical models [eg, in (35)]. The “healthy
worker effect” also plays a role in these studies, since
healthy workers remain in the labor market while work-
ers who cannot meet the physical demands of their jobs
change occupation or leave the labor market through early
retirement or disability pension (29) or, in older cohorts,
die during follow-up (36). Our results may also reflect a
selection of stronger males taking up physically demand-
ing occupations at an early age (17). We have no informa-
tion about strength in youth but we do have information
about birth weight in one of the CAMB cohorts (the MP
cohort). Birth weight is known to be associated with HGS
in middle-aged Britons, independently of later height
and weight gain (37), however, the associations between
physical exposures and HGS were unchanged when we
included birth weight in the analyses (results not shown).

Differential drop-out could be another bias in this
study since those responding to the questionnaire and
attending the physical examination were better educated
than non-responders and non-participants. Our attrition
analyses showed that non-participants had more expo-
sure-years than participants. It is not known, whether
inclusion of the non-responders and non-participants
would have changed the associations between exposures
and HGS.

Strengths and limitations

A major strength of this study was the summation of
exposures throughout working life based on informa-
tion from a job exposure matrix. However, job exposure
matrices have potential biases too, including the risk
of misclassification of exposure (38). Exposures were
assigned to job titles in homologous exposure groups,
but variation between exposures in the groups could
lead to non-differential bias. Changes in exposures over
time were another possible bias in this study. Jobs in the
1970s were assigned the same exposures as the same job
titles in the 1990s, even though physical exposures at
work have declined in the last 40 years (39). However,
we expect the effect of this potential bias to be small in
this age-homogeneous cohort. Another possible bias is
the standardization of exposure. Twenty ton-years can be
“earned” in only 10 years of heavy work or 40 years of
less heavy work. The physiological effect of these two
types of exposure on muscle strength could be different,
but is treated equally in our analyses. However, inclu-
sion of seniority at work as a covariate did not change
our results (results not shown).



The large sample size and recruitment from the
general population were also strengths of this study and
the mean HGS measured in this population corresponds
well with recent findings in a Danish population-based
cross-sectional study using a Jamar dynamometer (40).

Concluding remarks

A history of physical exposures at work explained only
a minor part of the variation in HGS though exposure
to kneeling throughout working life was associated with
a slightly higher HGS among men. In future follow-up
studies, the age-related decline in HGS in this cohort
will be studied also from the perspective of lifetime
occupational physical exposures.
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