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Objective The aim of this study was to explore the prospective association between compositions of accelerom-
etry-measured occupational physical behaviors and the risk of knee pain among eldercare workers.

Methods We performed a prospective study among 377 eldercare workers employed across 20 Danish nursing
homes. Occupational physical behaviors were measured using thigh-worn accelerometers over 1-4 working
days. Workers reported intensity of and days with knee pain in a questionnaire at baseline and after one year.
We explored associations between compositions of occupational physical behaviors [ie, sedentary, standing,
light physical activity (LPA), and moderate-to-vigorous physical activity (MVPA)] and knee pain, adjusting for
potential confounders.

Results No significant associations were found. Trends were found for increased occupational time spent in
MVPA and decreased risk of days with knee pain [relative risk (RR) 0.58, 95% confidence interval (CI) 0.32—
1.05, P=0.07] in main analyses, and for decreased risk of knee pain intensity among non-knee pain cases (RR
0.36, 95% CI 0.12—-1.13, P=0.08) in sensitivity analyses.

Conclusions No significant associations were found between baseline occupational physical behaviors and
knee pain at one-year follow-up. However, a non-significant trend suggested that increasing occupational MVPA
might be associated with reduced risk of knee pain at follow-up, though studies with larger samples are needed

to confirm this finding.
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Musculoskeletal disorders of the knee (knee disorders)
are a prevalent health condition with significant implica-
tions for individuals, workplaces, and societies as a whole
(1-3). The knee pain often associated with knee disorders
can be caused by specific musculoskeletal diagnoses (eg,
knee osteoarthritis) or be non-specific (ie, of unknown
cause). Both studies on non-specific knee pain and knee
osteoarthritis will be cited throughout this paper. Knee
osteoarthritis remains the most prevalent musculoskel-
etal condition causing (specific) pain in the knees (1)
and is expected to increase in the years to come due to,
eg, changing demographics and population aging (4, 5).
Importantly, knee disorders are also highly prevalent in
the working population (3, 5). Specifically, Valter and col-

leagues reported a prevalence of severe non-specific knee
pain of 11% among 75 000 currently employed workers,
with about 15% of workers >50 years affected (3).
Healthcare workers employed in eldercare are an
example of an occupational group at high risk of non-
specific knee pain (6). Furthermore, non-specific knee
pain has been found to be a significant risk factor for
leaving nursing care, sickness absence, and disability
pension among healthcare workers (6-8). In light of
the current and future prevalence of knee disorders such
as knee osteoarthritis, and the challenges pertaining to
labor shortage that the healthcare industry and the soci-
ety as a whole are facing (9), identifying occupational
risk factors and protective factors as well as develop-
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ment and implementation of effective preventive inter-
ventions are highly relevant.

High occupational physical workload has been sug-
gested to be a risk factor for non-specific knee pain (10—
13) and knee osteoarthritis (14—16). For instance, high
exposure to occupational behaviors such as standing,
walking, and lifting, as well as occupational postures
like kneeling or squatting have been associated with an
increased risk of knee osteoarthritis (14—17). Eldercare
work typically comprises long durations of standing
(eg, while assisting the residents), walking, and lifting
(eg, resident handling) (18), which may thus increase
the risk of knee disorders. Nonetheless, the majority of
the evidence linking occupational physical workload
to knee disorders relies on self-reported information,
which are more prone to bias compared to technical
measures of occupational physical workload using, eg,
accelerometers (19-21).

Recently, Locks and colleagues (17) reported tem-
poral patterns of accelerometry-measured occupational
standing, ie, frequent short bouts of occupational stand-
ing, to be associated with increased non-specific knee
pain intensity in a cross-sectional study. To our knowl-
edge, the prospective risk of knee disorders in general,
or specifically knee pain associated with technically
measured occupational physical workload is yet to be
investigated. In addition, many studies, including the one
by Locks et al (17), do not take the compositional nature
of time-use data into account. In reality, the total time
per day is finite, whereby increasing time in one physical
behavior, eg, occupational walking, will inevitably lead to
less time spent in one or several other mutually exclusive
physical behaviors, eg, occupational sitting. Therefore,
a methodological approach with a 24-hour perspective
taking the co-dependency of physical behaviors into
account is suitable. Compositional data analysis (CoDa)
is one such approach (22, 23), which has previously been
applied in occupational health studies investigating mus-
culoskeletal pain as an outcome (18, 24, 25), however, no
studies have examined knee disorders specifically.

This prospective study aimed to investigate the
association between the composition of accelerometry-
measured occupational physical behaviors and the risk
of non-specific knee pain over one year among eldercare
workers.

Methods

Study design and setting

This study used data from the Danish observational
study of eldercare work and musculoskeletal disorders
(DOSES), a prospective study among eldercare workers
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described elaborately elsewhere (26). Data were col-
lected from September 2013 to January 2016. DOSES
is a workplace study designed to examine associations
between physical and psychosocial working conditions,
musculoskeletal pain and its consequences among elder-
care workers at Danish nursing homes. This study is
reported following the STROBE reporting guidelines for
cohort studies (27). The Danish Data Protection Agency
and the Ethics Committee for the Capital Region of
Denmark granted ethical approval (H-4-2013-028), and
written informed consent was obtained from all elder-
care workers prior to their participation in the study.

Study population

Eighty-three nursing homes located in Zealand in the
greater Copenhagen area were invited to participate
in the study with the aim of including various nursing
home sizes and care models. Eligibility criteria for par-
ticipation included: (i) aged 18-65 years; (ii) employed
>15 hours per week; (iii) working day, evening, or
rotational shifts; and (iv) allocation of >25% of working
time on activities related to direct resident care.

Workers were excluded from the study if they were
on long-term sick leave, pregnant, had a temporary
employment, or spent <25% of their total working time
on tasks related to the direct care of the elderly residents
(eg, more administrative workers spending the majority
of their working time on non-care related tasks) (26).
Twenty nursing homes (18 municipal and 2 private),
including 126 wards and 941 eligible eldercare workers,
agreed to participate (figure 1).

Knee pain (outcome)

Self-reported non-specific knee pain was assessed by the
number of days with — and intensity of — pain in the knee
and was reported at baseline and after one-year follow-up
(via telephone) using the Nordic Musculoskeletal Ques-
tionnaire (28). Workers were asked about the number
of days with knee pain in the previous month: “In the
last four weeks, how many days did you have pain in
your knees?”, with possible answers of 0-28 days. If the
workers replied having >0 days of pain, they were asked
to rate the intensity of knee pain on a 11-point numerical
rating scale (NRS): “On a scale of 0-10, what was the
worst pain you experienced in your knees within the past
four weeks?”, with answers ranging from 0=no pain to
10=worst possible pain.

Accelerometer measurements of physical behaviors
(exposure)

We assessed physical behaviors at baseline using data
from one tri-axial ActiGraph GT3X+ accelerometer
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Figure 1. Flowchart of participants.

(Actigraph, Pensacola, FL, USA) placed on the right
thigh. All participants were asked to wear the acceler-
ometer without dismantling it for >4 consecutive days,
including >2 workdays. Participants were also instructed
to keep a diary of their sleep and wake times (time in/
out of bed), the start and end times of their work shifts,
whether they had a day off work, and any instances
when the accelerometer was removed, including the
time and reason for its removal. The accelerometer data
were downloaded using the Actilife Software version 5.5
(Actigraph, Pensacola, FL, USA) and processed using
a custom-made MATLAB program, Acti4 (29, 30),
which has been shown to classify different behaviors
(ie, postures and activities) with a high sensitivity and
specificity.

Based on Acti4 output, all non-workdays as well
as non-wear periods were excluded. Then, we identi-
fied four mutually exclusive behaviors (“compositional
parts”) that completely accounted for time used during
work and leisure-time hours, ie, sedentary (sitting and
lying), standing (standing still and moving [ie, occa-
sional movements in an upright position]), light physi-
cal activities (LPA; slow walking), and moderate-to-
vigorous physical activities (MVPA; fast walking, stair
climbing, running, and cycling) (18). Time-in-bed (a
proxy for sleep), identified based on the diary informa-
tion, was added to the dataset to arrive at a full 24-hour
physical behavior composition. Time-in-bed data were
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checked for accuracy by visual inspection of the accel-
erometer data using Acti4. Only workers who had >1
day with valid work and leisure-time data were included
for further analysis. Thus, a valid period of work and
leisure time was defined as wear time of >4 hours or
comprising >75% of the average wear-time across days
(31). Finally, daily time spent in each behavior during
work and leisure time was averaged over all available
workdays for each worker.

Confounders

Potential confounders were chosen a priori based on data
availability, previous literature, and theoretical assump-
tions of the possible associations with knee disorders
and occupational physical behaviors. Information on the
following chosen confounders were collected at baseline
via a questionnaire or a health check (including pre-
baseline screening questionnaire): age (years), gender
(male or female), body mass index (BMI, kg/m2; cal-
culated from measured height and body weight), smok-
ing status, self-rated general health, knee pain intensity
(collected pre-baseline, see below), influence and social
support at work, and physical activity during leisure.
Smoking status was dichotomized into smokers (“yes,

LEINN3

daily”, “yes, once in a while”) and non-smokers (“no,
but smoked in the past”, “no, I have never smoked”).
Self-rated general health was obtained by the question
“In general, how would you rate your health?” with
possible replies “excellent”, “very good”, “good”, “fair”
or “poor” (32). Self-reported information on worst knee
pain intensity during the past four weeks (0—10 NRS)
was obtained in the screening questionnaire collected
chronologically prior to the baseline questionnaire [see
protocol for more details (26)]. Physical behaviors dur-
ing leisure time were measured using accelerometers, as
described above. Workers rated their degree of influence
at work (two items: IN1 and IN3) and social support at
work (three items: SC1, SC2, and SC3), using 5-point
Likert scales derived from the Copenhagen Psychosocial
Questionnaire (33). Answers to these five psychosocial
questions were converted into a 0—100 scale before aver-
aging items within each dimension, with higher scores
reflecting better psychosocial working conditions (33).

Statistical analysis

Occupational and leisure-time physical behavior data
were presented in minutes and percentage of time spent
per day using arithmetic means and standard deviation
(SD).

To investigate the association between occupational
physical behaviors and knee pain, we initially processed
the physical behavior data using a compositional data
analysis (CoDA) approach (23). In brief, occupational
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and leisure-time physical behaviors are inherently inter-
dependent and constrained by the fixed 24-hour day,
meaning that increasing time spent on one behavior will
result in a reduction in time allocated to other mutually
exclusive behaviors. Thus, it is recommended to apply
CoDA-based methods for analyzing such data (23).

Following the recommended CoDA approach (23),
the four-part time composition of work (sedentary,
standing, LPA, and MVPA) and the five-part time com-
position of leisure time (sedentary, standing, LPA,
MVPA, and time-in-bed) were transformed into sets of
isometric log-ratio (ilr) coordinates (22). In this data
transformation, work and leisure-time physical behavior
compositions were treated as two separate sub-compo-
sitions of a 24-hour day (23, 34) as the purpose of the
study was to examine the association of occupational
physical behaviors with knee pain. Additionally, as only
the first ilr coordinate is interpretable (22, 23), and to
enable the examination of each occupational physical
behavior (ie, sedentary, standing, LPA, and MVPA)
in relation to knee-pain outcomes, a pivoting method
was implemented. In this method, the first behavior in
the equation was rotated each time and the set of ilr
coordinates was calculated, allowing each occupational
behavior to be expressed relative to the remaining occu-
pational behaviors (22).

After the ilr transformation, a separate negative
binomial generalized linear mixed-effects model was
fitted for each of the occupational ilr coordinates (crude
model) to examine the longitudinal association with
number of days with knee pain and the intensity thereof.
In the adjusted models, we included the above-men-
tioned confounders. To account for the nested structure
of the data (workers within wards, and wards within
nursing homes), the model included random effects for
workers, wards, and nursing homes. Model diagnostics
were conducted using a likelihood ratio test to check
for over-dispersion, as well as assessing influential
observations and verifying the homoscedasticity of the
deviance residuals. Effect estimates were expressed as
relative risk (RR) with 95% confidence intervals (CI).
Additionally, the significance of the overall occupational
composition was evaluated using Wald chi-squared tests
through analysis of variance (ANOVA) tables, applying
type Il tests. The significance level was set at P<0.05.

The regression coefficients of the ilr coordinates
obtained from the negative binomial generalized linear
mixed-effects models were expressed on a logarithmic
scale, allowing only the interpretation of the direction of
the associations. We applied compositional isotemporal
substitution analysis to illustrate hypothetical changes
in the RR when reallocating time between occupational
behaviors (35).

Firstly, a reference composition was calculated, ie,
the sample’s compositional mean of all occupational
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Table 1. Baseline characteristics. [SD=standard deviation; BMI=body
mass index; LPA=light physical activity; MVPA=moderate-to-vigorous
physical activity; NRS=numerical rating scale].

Variable N % Mean (SD)
Age (years) 45.8(10.5)
Gender

Women 360 955

Men 17 45
Ethnicity

Denmark 300 79.6

Other country 77 204
Job seniority (months) 197.4(132.7)
BMI (kg/m?) 26.4(5.3)
Smoking

Non-smoker 239 634

Smoker 138  36.6
Position

Care assistant 155 411

Care helper 171 454

Other 51 135
Shift

Day 223 59.2

Evening 78 207

Day/ evening 18 48

Day & evening / night 58 154
Working hours 32.4(3.6)
Leadership quality (0-100) 60.5(17.2)
Collegial support (0-100) 71.7(14.8)
Influence at work (0-100) 57.1(18.8)
Knee pain

Days (baseline) 49(8.7)

Days (1-year follow-up) 4.4(8.1)

21 day (baseline) 216 573

>1 day (follow-up) 178 625

Intensity (baseline, 0-10 NRS) 2.1(2.9)

Intensity (1-year follow-up, 0-10 NRS) 1.8(2.7)
Accelerometry

Measurement days 2.7(1.2)

Measurement hours (all activities and
sleep included across domains)
Total worktime (minutes per day)

1391.6(97.4)

Worktime per day 436.5(68.5)
Sedentary 37.6 165.7(58.2)
Standing 46.1 198.2(52.7)
LPA 2.3 11.4(7.0)
MVPA 14 61.1(19.9)
Total leisure time (minutes per day)
Leisure time (all activities except sleep) 535.0(72.4)
Sedentary 345 329.0(83.0)
Standing 14.9 146.3(50.3)
LPA 0.9 10.2(6.3)
MVPA 4.8 48.8(23.3)
Sleep 45 420.1(63.9)

physical behaviors (table 1). Secondly, based on the
calculated reference composition, new hypothetical
compositions of occupational physical behaviors were
generated by using two methods, ie, one-to-remaining
and one-to-one reallocations. For the one-to-remaining
reallocations, new theoretical compositions were gener-
ated by incrementally increasing/decreasing time spent
in each occupational physical behavior by decreasing/
increasing time spent in the remaining occupational
physical behaviors in 5-minute increments according
to their proportions while maintaining the total occu-
pational composition constant (35). For the one-to-one
reallocations, new theoretical compositions were gener-



ated by reallocating 5-minute increments from one occu-
pational physical behavior to another, while keeping the
remaining occupational behaviors constant.

The new hypothetical compositions were then trans-
formed into ilrs following the procedure described ear-
lier. For these predictions, the numeric covariates used
in the models were held at their mean values, while for
the categorical variables, the most prevalent category
was applied. The parameter estimates from the nega-
tive binomial generalized linear mixed-effects models
were utilized to predict the RR for the new hypothetical
compositions. These predictions indicate the estimated
differences in the risk of knee pain outcomes compared
to the reference composition (36). The bootstrapping
(R=1000) method was used to compute the 95% CI
for the model based on negative binomial generalized
linear mixed-effects models. In addition, we performed
sensitivity analyses separately for (a) knee pain cases
(knee pain intensity >3) and (b) non-knee pain cases
(knee pain intensity <3 out of 10) to test whether base-
line knee pain intensity affected the association between
occupational physical behaviors and risk of knee pain.

All statistical analyses were carried out using R
v4.3.3 (R Foundation for Statistical Computing, Vienna,
Austria). Specifically, CoDA data processing was per-
formed using the package ‘compositions’ v2.0-2 (37).

Results

Baseline characteristics

Baseline characteristics of the sample are provided in
table 1. Valid data on occupational physical behaviors
and knee pain from 377 workers from 20 Danish nurs-
ing homes were included in the final analysis (figure 1).
Participants were predominantly female (95.5%), with
a mean age of 45.8 years. At baseline, 216 (57.3%) out
of 377 reported >1 day of knee pain, and at follow-up,
178 (62.5%) out of 285 reported >1 day of knee pain.

Occupational physical behaviors data were available
for an average of 2.7 (SD 1.2) days and a total of 1391.6
(SD 97.4) hours from the included eldercare workers,
including 955.1 (SD 79.2) hours of leisure time includ-
ing sleep, and 436.5 (SD 68.5) hours of worktime.

Table 2. Estimates of the overall composition as a predictor for days
with knee pain and knee pain intensity. [Pr(>Chi?)=P-value for Chi?.

Knee pain Univariate analysis Multivariate analysis
outcomes Chi? Pr(>Chi?) Chi? Pr(>Chi?))
Days 1.54 0.67 3.57 0.31
Intensity 1.26 0.74 2.22 0.53
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Main analyses

One-to-remaining reallocations. Results from our main
analyses are reported in table 2, table 3, and figure
2A-B. Table 2 indicates that the overall composition
of physical behaviors at work was not statistically sig-
nificantly associated with either days with knee pain
(P=0.31) or knee pain intensity (P=0.53).

Days with knee pain

As shown in table 3, none of the reported estimates
concerning days with knee pain were statistically signifi-
cant. However, increasing the occupational time spent
in MVPA relative to the other occupational behaviors
was associated with a trend towards decreased RR of
days with knee pain (0.58, 95% CI 0.32-1.05, P=0.07].
Specifically, figure 2A shows that increasing occu-
pational MVPA by 20 minutes relative to the rest of
the occupational behaviors was associated with a non-
significant 16% decreased risk of days with knee pain
(RR 0.84, 95% CI 0.70-1.02). The CI indicated a large
uncertainty, especially for occupational LPA.

Knee pain intensity

Overall, table 3 and figure 2B show the same trends in
the direction of knee pain intensity outcomes as for the
days with knee pain outcome, but with smaller magni-
tudes. Again, all estimates were non-significant.

Table 3. Regression relative risk (RR) estimates obtained from the
generalized linear mixed-effects models to investigate the associa-
tion between occupational physical behaviors (sedentary, standing,
light physical activity, and moderate-to-vigorous physical activity)
and risk of days with knee pain and knee-pain intensity. [95% CI=95%
confidence interval; ilr=isometric log-ratio; LPA=light physical activ-
ity; MVPA=moderate-to-vigorous physical activity.] Example of how
to interpret occupational composition ilr1 RR: A one-unit increase
in the log of time spent in occupational MVPA relative to time spent
in the remaining occupational physical behaviors is associated with
a non-significant 42% decreased risk of days with knee pain in the
multivariate analysis [RR 0.58 (95% CI (0.32-1.05), P=0.07].

Outcome Multivariate analysis

95%Cl  P-value

Univariate analysis
RR 95%Cl  P-value RR

Knee pain days
Sedentary_ilr1 1.07 0.75-1.52 0.70 1.06 0.78-1.43 0.71
Standing_ilr1 1.19 0.58-2.46 0.63 147 0.75-290 0.26
LPA_ilr1 1.11 0.79-1.55 055 1.10 0.78-1.57 0.58
MVPA_ilr1 0.71 0.36-1.38 0.31 0.58 0.32-1.05 0.07
Knee pain intensity
Sedentary_ilr1 1.01 0.72-1.40 097 099 0.75-1.31 0.93
Standing_ilr1 1.14 0.58-2.27 070 1.28 0.68-2.40 0.44
LPA_ilr1 1.12 0.82-1.54 047 1.13 0.82-1.56 0.47
MVPA_ilr1 0.77 0.41-1.45 042 0.70 0.41-1.21 0.20
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Figure 2A. One-to-remaining reallocations of occupational physical behaviors and days with knee pain. Results of a compositional isotemporal substitution
analysis based on the negative binomial generalized linear mixed-effects model. “0" on the x-axis represents the average composition of work. Positive values
on the x-axis represent the reallocation of minutes to the particular occupational physical behavior from the remaining physical behaviors while negative
values represent the reallocation of minutes from the particular occupational physical behavior to the remaining physical behaviors. The y-axis represents
the relative risk (RR) of days with knee pain relative to the risk associated with the reference compositions. The ribbons along the lines indicate the 95%
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One-to-one reallocations

One-to-one reallocation analyses showed that the most
marked — though still non-significant — alterations in the
risk estimates for knee pain were found by compensa-
tory increasing/decreasing time with occupational LPA
or occupational standing by decreasing/increasing time
with occupational MVPA (figure 3A-B).

Sensitivity analysis

In total, 145 of 377 (38%) reported a knee pain intensity
of >3 and were therefore considered knee pain cases,
whereas the remaining 232 (62%) were classified as
non-knee pain cases.

Overall, the same trends were seen in the sensitiv-
ity analyses as in the main analyses. All results were
statistically non-significant. Multivariate models among
both knee-pain and non-knee-pain cases showed that
increasing occupational time spent in MVPA consis-
tently though statistically non-significantly decreased
the risk of days with knee pain and knee pain intensity,
with lower RR estimates compared to the risk estimates
from the main analyses including all participants. Spe-
cifically, a trend was found for increasing MVPA and
reduced knee pain intensity (RR 0.36, 95% CI 0.12—
1.13, P=0.08) among non-knee pain cases.

Discussion

This prospective study investigated the association
between baseline accelerometer-measured occupational
physical behaviors and the risk of knee pain measured
one year later among eldercare workers. Although no
statistically significant associations were found, some
trends were observed in the data. Specifically, increas-
ing occupational time spent in MVPA showed a non-
significant trend (P=0.07) towards reducing the risk
of days with knee pain in the main analysis, while
also showing a non-significant trend (P=0.08) towards
reduced knee pain intensity among non-knee pain cases
in the sensitivity analysis.

Comparison to other studies

To our knowledge, the cross-sectional study by Locks
et al (17) remains the only previous study investigating
the association between technically measured, ie, by
accelerometry, occupational physical workload, and the
risk of knee pain. Additionally, their study investigated
occupational standing, one of the occupational physical
behaviors also included in the present study. Locks and
colleagues (17) reported that frequent short bouts (0-5
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minutes) — but not total duration — of accelerometry-
measured occupational standing were associated with
an increased knee pain intensity, also among those with
higher knee pain intensity (=3/10 on a 0—10 NRS) (17).
The present study contributes to the existing literature by
demonstrating that an increase in accelerometry-measured
total duration of occupational standing, relative to other
occupational behaviors, was associated with a non-sig-
nificant elevation in the risk of days with knee pain (RR
1.47,95% CI 0.75-2.90, P=0.26) and knee pain intensity
(RR 1.28, 95% CI 0.68-2.40, P=0.44) among eldercare
workers. Notably, the effect sizes for these associations
were larger than those observed for increased occupa-
tional sedentary time or occupational LPA. However,
given the lack of statistical significance, these findings
should be interpreted with caution, as they may simply
be attributable to chance. Future research should aim to
confirm or reject these preliminary and uncertain findings
and thereby advance our understanding of occupational
standing in terms of the risk of knee pain.

Previous research, primarily based on self-reported
measures of occupational physical activity, has shown
mixed results (10-16). Some studies have found an
increased risk of non-specific knee pain or knee osteo-
arthritis related to increased self-reported occupational
standing (16, 38), walking (16, 38), or climbing (14,
16), whereas other similar studies have not found any
associations (13, 15). Thus, our findings suggesting a
decreased risk of knee pain with increasing occupational
MVPA could seem in contrast to the literature showing
an increased risk of knee osteoarthritis with higher
exposure to occupational walking and stair climbing
(14, 16). Notably, however, our accelerometry-measured
MVPA category primarily captures dynamic whole-
body behaviors like walking and stair climbing, but our
single-sensor thigh-based accelerometer setup does not
allow for capturing possibly co-occurring knee-straining
behaviors or postures such as lifting or carrying, or
kneeling or squatting, and the MVPA category may
therefore reflect lower knee joint loading. In fact, our
finding regarding occupational MVPA seems more in
alignment with research on leisure-time physical activ-
ity and exercise, where both observational (39, 40) and
interventional (41, 42) evidence has suggested a benign/
trivial or even positive role of MVPA like walking for
knee joint health. One possible explanation for this may
be that occupational — similarly to leisure-time - MVPA
induces positive physiological adaptations, eg, increased
knee extensor strength, a physiological feature previ-
ously shown to affect the development and progres-
sion of knee disorders like knee osteoarthritis (43). In
this context, it should be noted that changes in physi-
cal behaviors during (work and) leisure time over the
year were not captured in the present study. Such pos-
sible changes may have influenced knee pain outcomes
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either independently or interactively with occupational
behaviors, thereby potentially attenuating or amplifying
the observed associations. Importantly, self-reported
measures of physical behaviors have previously been
suggested to be imprecise and biased (19, 21), whereby
studies applying technical measures of occupational
physical behaviors are warranted, though they also come
with some of the above-mentioned limitations. Relat-
edly, Voinier and colleagues (40) recently performed a
CoDa analysis among 4796 adults diagnosed with or at
risk of knee osteoarthritis and found that neither more
whole-day sedentary time nor time with LPA or MVPA
assessed by accelerometers were associated with greater
loss of knee joint space width over two years, an indica-
tor of knee osteoarthritis progression.

Knee pain caused by conditions like knee osteo-
arthritis has a multifactorial biopsychosocial etiology
and is influenced by biologic factors of mechanical,
inflammatory, and metabolic nature as well as psycho-
social factors during work and leisure time (1, 10, 12).
Hence, in a work context, effective biopsychosocial
prevention of knee pain entails ensuring psychosocial
well-being and finding that “sweet-spot” and optimal
balance between occupational physical activity-induced
physiological stimulus and adequate rest, while also
understanding how this interacts with other influences
during, eg, leisure time (44, 45).

Implications and future perspectives

Although the findings of this study were not statistically
significant, they suggest potential associations between
occupational physical behaviors and knee pain risk that
warrant further investigation. Notably, the observed
trend for MVPA (P=0.07) provides preliminary evidence
that should be confirmed in studies with larger sample
sizes and longer follow-up periods, which may detect
associations that the present study was unable to due to
eg, inadequate statistical power.

To contextualize the potential practical/clinical rele-
vance of our results, the isotemporal substitution analysis
indicated that increasing occupational MVPA by 20 min-
utes was associated with a RR 0f 0.84 (95% CI10.70-1.02)
for days with knee pain. Applied to the sample’s baseline
mean of 4.9 days per month with knee pain, this point
estimate equates to a reduction of approximately 0.8
days, from 4.9 to 4.1 days per month. However, the wide
CI spans from a potentially meaningful 30% reduction
in risk to a slight 2% increase, underscoring the statisti-
cal uncertainty of these estimates. Thus, future research
with larger samples and repeated long-term follow-ups
is needed to clarify these potential associations and their
clinical relevance.

If the present findings are confirmed in large-scale
studies, intervention studies testing the effects of altered

Skovlund et al

occupational physical behaviors on knee pain outcomes
could be instrumental in establishing causal relation-
ships and informing future evidence-based workplace
policies aimed at preventing knee disorders and their
consequences (18).

Strengths and limitations

This study had some limitations. First, the study did not
utilize repeated measures of the exposure, which could
have increased statistical power by capturing periodic
variation in occupational physical behaviors over a
year and their associations with knee pain. Thus, our
results may be confounded by changes in participants’
occupational physical behaviors during the one-year
follow-up period. A number of factors — such as sea-
sonal variation in work demands, changes in health
status, job tasks, lifestyle, or behavioral adaptations
in response to knee pain — could have occurred over
time. These changes may introduce considerable vari-
ability, potentially influencing the association between
the baseline exposure measurement and the outcome.
Second, the study may be subject to the healthy worker
effect, whereby healthier — ie, selected — individuals are
more likely to remain in the workforce, potentially lead-
ing to an underestimation of the true associations (46).
Importantly, though, when comparing participants from
the complete DOSES cohort (26) and those providing
accelerometer measurements in the present study, they
show similar sociodemographic characteristics, suggest-
ing that the analytic sample in this study is representa-
tive of the original cohort to a large degree. Third, a
larger sample could have increased the precision and
decreased the uncertainty in the estimates. Although we
included multiple potential confounders in our models,
there is a possible risk of residual confounding from
other potentially co-occurring knee-straining postures
and behaviors, such as kneeling, squatting, and lifting
at work, which have previously been linked to increased
risk of knee disorders (10, 12, 15, 16) and which we did
not assess in the current study. Another limitation of
accelerometry is the inability to capture contextual fac-
tors and the intensity and joint loading associated with
the performed work.

The study also had important strengths. First, our
predictor variable relied on 24-hour accelerometer mea-
surements that have previously shown high sensitivity
and specificity (29) and were conducted over several
consecutive days, thereby capturing variations in expo-
sure between workdays more effectively than single-
day measurements (20). Second, this study addresses a
highly understudied subject within occupational health
research and applied an advanced analytical technique,
ie, compositional data analysis, which addresses some
methodological shortcomings associated with other
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more often-used methods that do not take the compo-
sitional nature of physical behaviors into account (23).
Third, the longitudinal design with a one-year follow-up
on knee pain and multivariate adjustment reduces the
risk of reverse causation. Nonetheless, reverse causal-
ity cannot be ruled out — not only because pre-existing
knee pain may have influenced occupational physical
behaviors at baseline, but also because knee pain arising
after the accelerometer measurements of occupational
physical behaviors could have altered physical behaviors
during follow-up, which we did not capture.

Although our findings are not necessarily generaliz-
able to other occupational groups or the general work-
ing population, focusing solely on eldercare workers
reduced confounding effects from variations in work
characteristics and socioeconomic factors between occu-
pational groups.

Concluding remarks

Our study found no statistically significant associations
between occupational physical behaviors measured
by accelerometry at baseline and knee pain reported
one year later among eldercare workers. However, we
observed a non-significant trend suggesting that higher
levels of MVPA during work may be associated with
reduced knee pain risk, though this requires confirmation
in larger studies.
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