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The leisure time and occupational
physical activity paradox in
persistent musculoskeletal pain
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Andreas Holtermann'-® & Karen Segaard?

Leisure time and occupational physical activity (LTPA, OPA) seem to have opposite associations with
some health outcomes. Few studies have investigated this for musculoskeletal pain. We investigated
the association between (1) LTPA and OPA, and (2) combinations thereof, and persistent pain and
number of pain sites, respectively, among adults. We used cross-sectional data from the Copenhagen
City Heart Study. LTPA and OPA was measured using the Saltin-Grimby Physical Activity Level Scale.
The outcomes were persistent pain and number of pain sites (past six months). Using hurdle models,
the association between physical activity and the outcomes was expressed as odds ratios (OR) and
incidence rate ratios. We included 2787 individuals. High LTPA was associated with decreased odds
of persistent pain and lower number of pain sites, whereas high OPA was associated with increased
odds of persistent pain and higher number of pain sites (e.g., high LTPA vs. inactive, OR: 0.38, 95%
confidence interval [CI]: 0.26, 0.57; high OPA vs. sedentary work, OR: 2.94, 95% CI 1.66, 5.20). All LTPA-
OPA-combinations indicated higher odds for persistent pain and higher number of pain sites when
compared to moderate-to-high LTPA and sedentary work. This study highlights that not all physical
activity may be beneficial.

Keywords Leisure-time physical activity, Occupational physical activity, Physical activity health paradox;
musculoskeletal pain

Physical activity is generally considered to be beneficial for musculoskeletal health, in particular leisure time
physical activity (LTPA)!=. This is reflected in clinical guidelines for the management of musculoskeletal
disorders, such as low back pain and knee and hip osteoarthritis, which recommend patients to exercise and
remain physically active®®. In contrast, preventive workplace interventions often focus on reducing exposure
to high occupational physical activity (OPA), which is considered to increase the risk of musculoskeletal pain
in this setting®~!2. Thus, LTPA and OPA appear to have opposite associations with musculoskeletal pain -
commonly referred to as the physical activity health paradox'.

Most previous studies have investigated the effects of physical activity on musculoskeletal health focusing
on physical activity either during leisure or during work*>312, This is problematic since the effect of LTPA on
musculoskeletal pain may interact with the level of OPA. For example, a systematic review has indicated higher
levels of LTPA to be more protective among individuals with low OPA than among individuals with moderate to
high OPA!*. 1t is, therefore, important to take both domains into account, and to investigate the combined effect
of LTPA and OPA when analysing the association between physical activity and musculoskeletal pain.

A plausible explanation for the contrasting effects of LTPA and OPA on musculoskeletal health is differences
in type and pattern of activity and the subsequent possibility for restitution!>!>. LTPA is typically characterised
by physical activity of relative short duration and high intensity with good opportunities for restitution whereas
high OPA is typically accumulated over longer durations with lower intensity. OPA also often involves handling
of heavy loads, repetitive work, or long durations of static and awkward body postures that are well-documented
risk factors for musculoskeletal pain'?!>1. In contrast, well planned exercise programmes have been shown to
be highly effective as treatment'?. The risk of musculoskeletal pain is also influenced by psychosocial factors!”!#
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such as high work demands and low levels of influence at work!2 Therefore even the same activity may have
different effects depending on differences in work-related psychosocial factors.

Knowledge about the combined effect of physical activity during leisure and work on musculoskeletal pain
is fundamental to develop physical activity recommendations and advise patients with musculoskeletal pain.
We therefore aimed to investigate the association between (1) self-reported physical activity during leisure and
work, and (2) combinations of LTPA and OPA, and persistent pain and number of pain sites, respectively, among
adults in Denmark. In accordance with the physical activity health paradox, we expect the physical activity in
leisure and work to have contrasting associations with persistent pain and number of pain sites.

Methods

Data source and study design

We used cross-sectional data from the fifth examination of the Copenhagen City Heart Study (CCHS) collected
between October 2011 and February 2015'?. The CCHS is a dynamic cohort study consisting of adults (=20 years)
of the general population living in two parts of Copenhagen, Denmark. The study participants were randomly
chosen from the Copenhagen Population Register using the Danish civil registration number'®. In total, 9215
individuals were invited to participate in the fifth examination of which 4543 (49.3%) individuals participated.

Data collection
Study participants filled out a questionnaire and underwent a physical examination. In the current study, we only
used data from the questionnaire, which included questions about socioeconomic status; general, physical, and
mental health; symptoms and diseases including, but not limited to, questions about persistent or recurrent pain;
diet; tobacco and alcohol consumption; medication use; physical activity; and healthcare seeking behaviour!®.
The current analyses are registered at the University of Southern Denmark and the Danish Data Protection
Agency (registration no.: 11.561). The National Committee on Health Research Ethics approved the data
collection (approval no.: VEK: H-KF 01-144/01 31104). Participation was voluntary and in agreement with the
Declaration of Helsinki. All participants gave written informed consent to participate in the fifth examination
of the CCHS.

Study population - eligibility criteria

We included all individuals from the fifth examination of the CCHS with data on (i) self-reported physical
activity during leisure and work and (ii) presence of persistent musculoskeletal pain. Individuals who reported
pain considered as non-musculoskeletal (i.e., limited to the stomach, genitalia, and/or headache) were not
included.

Variables

Exposure

Physical activity during leisure and work was assessed with modified versions of the Saltin-Grimby Physical
Activity Level Scale?®?!. For LTPA, study participants were asked to “State your physical activity level during
your leisure time (including transportation to and from work) within the last year”. Response options were:

« “I. Being almost completely inactive or active in light physical activity for less than 2 h/week (e.g., reading,
watching television, cinema)”,

« “IL Light physical activity for 2-4 h/week (e.g., walks, cycling trips, light gardening, light calisthenics)”,

« “III Light physical activity for >4 h/week or strenuous physical activity for 2-4 h/week (e.g., brisk walking
and/or fast cycling, heavy gardening, heavy calisthenics, where you sweat or get out of breath)”, and

o “IV. Strenuous physical activity for >4 h/week or regular hard physical exercise and possibly competitions
several times a week”.

The four LTPA levels are referred to as “inactive”, “low”, “moderate”, and “high”.

For OPA, study participants were asked to “State your physical activity level during work within the last year
(also completed by housewives, students, and currently unemployed, while retirees without actual employment
are asked to go to the next question)”. Response options were:

« “I. Mainly sedentary work (e.g., paperwork/desk work; housewife/house husband without underage children
but with domestic help)”,

« “IL Sitting or standing, some walking (e.g., shop assistant, teacher; housewife/house husband, who wash and
clean, without underage children)”,

« “III. Walking, some lifting (e.g., postman; nursing staff; housewife/house husband, who wash and clean, with
one or more underage children)”,

o “IV. Heavy manual work (e.g., remover, concrete worker)

The four OPA levels are referred to as “sedentary”, “low”, “moderate”, and “high”.

Before investigating the combined effect of LTPA and OPA on the number of pain sites, we collapsed
“moderate” and “high” LTPA and OPA due to a low number of observations in both high LTPA and high
OPA. Also, to ease interpretation, we created a group variable with all combinations of LTPA and OPA using
“moderate-high LTPA” and “sedentary work” as the reference group since we considered this to be the most
protective combination of physical activity in relation to musculoskeletal pain. Specifically, because high LTPA
has well-established beneficial effects on musculoskeletal health, and several studies report sedentary work to be
protective against pain?>~2, although suggested to be occupation-dependent®*.
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Outcomes

The outcomes were persistent pain and number of pain sites, which we defined as follows: Persistent pain was
assessed with the question “Have you experienced persistent or recurrent pain within the last six months?” with
response options “Yes” and “No”. Study participants answering “Yes” were asked in what body region(s) they
experienced the pain. We then derived the number of pain sites by adding the number of painful body regions
(neck, low back, shoulders, arms, wrists, fingers, hips, knees, ankles, and feet; count, maximum number =10).
Participants answering “No” to the experience of pain were assigned 0 pain sites.

Covariates

Age, sex, and level of education were used as covariates in the analyses. Age at date of physical examination
was derived from date of birth. Sex was derived from the Danish civil registration number (by study staff).
Level of education was used as an overall measure of socioeconomic status. It was assessed using the question
“What education have you completed since you left municipal primary and lower secondary school?” with the
following response options: “No [further] education”, “Short education (<3 years with books)”, “Vocational or
similar education (1-3 years)”, “Higher education (=3 years, e.g., teacher, nurse or similar)”, and “University
education”

Statistical analysis
We described the study population using medians with first and third quartiles (Q1, Q3) and frequencies with
percentages, overall and stratified by number of pain sites (categorised into 0, 1-2,23 for descriptive purposes).

We compared characteristics of the study participants who fulfilled and did not fulfil the inclusion criteria
using Wilcoxon rank sum test and Pearson’s Chi-squared test (p-values<0.05 were considered to indicate
differences between groups).

We investigated the association between self-reported physical activity and number of pain sites with hurdle
models?®. The hurdle model was chosen because (i) the outcome was zero-inflated and over-dispersed and (ii)
the outcome data were generated through two processes (i.e., no pain vs. pain and ‘degree of widespread pair’).
The model was specified for a binomial (zero-count model) and negative binomial distribution (zero-truncated
count-model). In this context, the model estimates odds ratios (OR) and incidence rate ratios (IRR) with 95%
confidence intervals (CI), which reflect the odds of persistent pain vs. no pain, and the relative difference in
estimated number of pain sites for a given physical activity level compared to the reference level.

The following four models were used to investigate the association between LTPA and OPA, respectively, and
number of pain sites.

Unadjusted LTPA model

Unadjusted OPA model

Mutually adjusted model (including LTPA and OPA)

Fully adjusted model (including LTPA and OPA, and adjustment for age, sex, and level of education)

Lol S e

We investigated if and how the association between LTPA and number of pain sites was dependent on the level
of OPA using the combined LTPA and OPA group variable (nine groups) in an unadjusted model and a model
adjusted for age, sex, and level of education.

We chose not to adjust for BMI and psychological factors as these variables are potential mediators and/
or colliders in the investigated association. In all adjusted models, we tested for interactions between physical
activity and sex and age, respectively (no evidence found), and for quadratic effect of age (no evidence found).
We assessed the fit of the hurdle models using rootograms?® and quantile-quantile plots. No imputation method
was used for missing values.

We estimated E-values to investigate how strong an unmeasured confounder would have to be to explain
away any observed exposure-outcome association?”. E-values were estimated for the adjusted ORs, IRRs, and
the corresponding Cls closest to one (i.e., null effect)?’. A large E-value means that substantial unmeasured
confounding would be needed to explain away an effect estimate, and vice versa for a small E-value?’.

As a sensitivity analysis, we added a requirement of a pain intensity of >3 to the outcome construct (average
during the last 6 months, measured on a scale from 0-10, where 0 was “No pain” and 10 was “Worst pain
imaginable”). This was done to investigate whether the association between physical activity and number of pain
sites differed when limited to moderate-to-severe pain.

We conducted the analyses in R version 4.3.2 (R Core Team [2023]. R: A Language and Environment for
Statistical Computing. R Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org/).
The hurdle models were fitted using the package ‘countreg™®. E-values were estimated using the package
‘EValue?72%30,

Results
In total, 2787 individuals fulfilled our inclusion criteria (Fig. 1). The median age was 52 (Q1: 37, Q3: 60) years
and 55% were women. University education was the most common level of education (39%). About 7% were
inactive during leisure time, while 36%, 47%, and 10% reported a low, moderate, and high level, respectively. In
contrast, for OPA, 45% reported sedentary work, while 35%, 18%, and 2% reported a low, moderate, and high
level, respectively (Table 1).

Among individuals with>3 pain sites, the median age was higher, and a higher proportion was women,
compared to those with <3 pain sites. Furthermore, individuals with >3 pain sites were less active during leisure,
but more active at work than those with <3 pain sites (Table 1).
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Invited: N = 9215
From previous study examinations: n = 8234
Newly invited: n = 981

Non-responders: N = 4672

Participated: N = 4543
From previous study examinations: n = 4012
Newly invited: n = 531

Non-eligible: N = 1756
Missing OPA: n = 1618

Missing LTPA: n =79

Missing outcome data: n = 49

y Non-musculoskeletal pain: n = 57

A 4

Study population: N = 2787

Fig. 1. Formation of study population. N/n indicates number of participants. The sum of reasons for exclusion
of non-eligible study participants exceeds 1756 since some participants fulfilled more than one exclusion
criteria.

A higher proportion of those who did not fulfil the inclusion criteria were women, were in general older, had
a lower level of education, a lower LTPA level, and more pain sites compared to those included (Supplementary
Table S1). The main reason for exclusion was missing data on OPA (n=1618), but the majority of these
were >65 years (n=1412; i.e., reflecting retirement age).

The odds of persistent pain decreased with 42-62% with increasing levels of LTPA (Table 2 and Fig. 2a).
Conversely, the odds of persistent pain increased with 4-194% with increasing levels of OPA (Table 2 and
Fig. 2a). The estimates were stable across all models for LTPA, while the estimated ORs were lower for OPA in
the adjusted model compared to the unadjusted and mutually adjusted models (Table 2).

For number of pain sites, the estimated IRR differed across the models for both LTPA and OPA (Table 2
and Fig. 2b). In the adjusted model, the estimated number of pain sites was 23%, 26%, and 23% lower among
individuals with a low, moderate, and high LTPA level, respectively, compared to inactive individuals (Table 2
and Fig. 2b), whereas for OPA, in the adjusted model, the estimated number of pain sites was 21%, 19%, and 78%
higher among individuals with a low, moderate, and high OPA level, respectively, compared to individuals with
a sedentary work (Table 2 and Fig. 2b).

All combinations of LTPA and OPA indicated a higher OR for persistent pain compared to a moderate-to-
high LTPA level and sedentary work (Table 3 and Fig. 3a). Specifically, the OR increased with decreasing LTPA
across all OPA levels. This was most pronounced for combinations of LTPA and moderate-to-high OPA, except
for the inactive LTPA and sedentary work combination that had the highest OR (Table 3 and Fig. 3a).

A similar pattern was observed for number of pain sites, where the IRR increased with decreasing levels of
LTPA across all OPA levels (Table 3 and Fig. 3b). The highest IRRs, for the combinations inactive LTPA and
low and moderate-to-high OPA, respectively, indicated a 95-98% higher number of pain sites compared to the
reference level (Table 3 and Fig. 3b). For unadjusted estimates, see Supplementary Table S2.

In general, the size of the E-values indicated that moderate unmeasured confounding would be needed to
explain away the observed estimates. For LTPA and persistent pain, the E-values ranged from 1.95 to 2.63 (CI
closest to 1: 1.48-1.98), and for OPA from 1.16 to 2.83 (CI closest to 1: 1.00-1.90). For LTPA and number of pain
sites, the E-values ranged from 1.92 to 2.04 (CI closest to 1: 1.00-1.43), and for OPA from 1.71 to 2.96 (CI closest
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Number of pain sites

Total study population ni(%)

N=2787 0 1-2 23
Characteristic n (%) n=1457 n=855 n=475
Median age (Q1, Q3) 52.0 (36.7, 60.4) 51.0 (36.0, 60.4) | 50.0 (35.6,59.5) | 55.2 (44.6, 61.9)
Sex
‘Women 1528 (55) 722 (50) 489 (57) 317 (67)
Men 1259 (45) 735 (50) 366 (43) 158 (33)
Level of education
Primary school or lower secondary education | 269 (10) 123 (9) 91 (11) 55(12)
Short education (<3 yrs.) 233 (8) 114 (8) 75 (9) 44 (9)
Vocational or similar education (1-3 yrs.) 505 (18) 242 (17) 153 (18) 110 (23)
Higher education (=3 yrs.) 693 (25) 340 (23) 208 (24) 145 (31)
University education 1080 (39) 636 (44) 326 (38) 118 (25)
Missing 7 2 2 3
LTPA
Sedentary 202 (7) 75 (5) 70 (8) 57 (12)
Low 1002 (36) 497 (34) 314 (37) 191 (40)
Moderate 1305 (47) 707 (49) 399 (47) 199 (42)
High 278 (10) 178 (12) 72 (8) 28 (6)
OPA
Inactive 1251 (45) 705 (48) 402 (47) 144 (30)
Low 966 (35) 498 (34) 273 (32) 195 (41)
Moderate 507 (18) 235 (16) 160 (19) 112 (24)
High 63 (2) 19 (1) 20 (2) 24 (5)
Longest-held occupation since completing education
Self-employed 305 (11) 159 (11) 95 (11) 51 (11)
Skilled labour 498 (18) 229 (16) 168 (20) 101 (21)
Unskilled 218 (8) 94 (7) 66 (8) 58 (12)
White-collar worker 1446 (52) 799 (55) 425 (50) 222 (47)
Student, housewife, other 313 (11) 174 (12) 99 (12) 40 (9)
Missing 7 2 2 3

Table 1. Characteristics of 2787 adults participating in the fifth examination of the Copenhagen City Heart
Study, overall and stratified by number of pain sites. N/n, number of observations; Q1, Q3, first and third
quartile, yrs., years; LTPA, leisure time physical activity; OPA, occupational physical activity.

to 1: 1.00-1.83) (Supplementary Table S3). E-values for the combinations of LTPA and OPA are presented in
Supplementary Table S4.

In the sensitivity analysis where we applied a requirement of an average pain intensity of >3, the overall
results did not change. However, some ORs and IRRs were larger while the corresponding CIs became wider,
reflecting a stronger association with lower precision. This was most pronounced for high OPA with regards to
persistent pain (adjusted OR: 3.92, 95% CI: 2.27, 6.79; Supplementary Table S5, S6). Additionally, for the inactive
leisure and sedentary work combination, the OR for persistent pain was smaller compared to the main analysis
(adjusted OR: 2.20, 95% CI 1.41, 3.45).

Discussion

In this cross-sectional study of adults, we found that increasing levels of LTPA was associated with decreased
odds of persistent pain and lower number of pain sites whereas increasing levels of OPA was associated with
increased odds of persistent pain and higher number of pain sites. When investigating the combined effect of
LTPA and OPA, the mitigating effect of LTPA decreased with increasing levels of OPA. The findings support the
existence of a physical activity health paradox with regards to both the presence of persistent pain and number
of pain sites.

The findings of the current study agree with previous general population studies and systematic reviews
reporting that LTPA is beneficial in relation to (chronic) low back pain and neck pain'*'-**, and an increased
risk of pain from high levels of OPA>1%11:3234 However, there is a lack of studies where associations between
combinations of LTPA and OPA and musculoskeletal pain are investigated. Commonly, researchers have
adjusted for OPA without reporting the estimate!, have not differentiated between LTPA and OPA (i.e., using a
sum of the two domains)*, or investigated ‘mixed’ physical activity groups that does not allow for differentiation
of effects (e.g., heavy manual work or vigorous leisure activity). But the current results agree with the findings
of one study investigating associations between combinations of LTPA and OPA*%,
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Unadjusted model | Mutually adjusted model | Fully adjusted model
OR (95% CI) OR (95% CI) OR (95% CI)
Persistent pain | n=2787 n=2787 n=2780
LTPA
Inactive Ref. Ref. Ref.
Low 0.60 (0.44, 0.82) 0.59 (0.43, 0.81) 0.58 (0.42, 0.80)
Moderate 0.50 (0.37, 0.68) 0.50 (0.37, 0.68) 0.51(0.38, 0.70)
High 0.33 (0.23, 0.48) 0.34(0.23, 0.49) 0.38 (0.26, 0.57)
OPA
Sedentary Ref. Ref. Ref.
Low 1.21 (1.03, 1.44) 1.19 (1.00, 1.41) 1.04 (0.87, 1.24)
Moderate 1.49 (1.21, 1.84) 1.47 (1.19, 1.81) 1.23(0.98, 1.54)
High 2.99 (1.73,5.18) 2.93(1.68,5.11) 2.94 (1.66, 5.20)
Number of
pain sites IRR (95% CI) IRR (95% CI) IRR (95% CI)
LTPA
Inactive Ref. Ref. Ref.
Low 0.81 (0.64, 1.01) 0.77 (0.62, 0.96) 0.77 (0.63, 0.96)
Moderate 0.69 (0.56, 0.87) 0.67 (0.54, 0.84) 0.74 (0.59, 0.91)
High 0.53 (0.38, 0.74) 0.55 (0.40, 0.76) 0.77 (0.56, 1.06)
OPA
Sedentary Ref. Ref. Ref.
Low 1.42 (1.22, 1.65) 1.42 (1.22, 1.65) 1.21 (1.04, 1.41)
Moderate 1.36 (1.14, 1.63) 1.38 (1.16, 1.64) 1.19 (0.99, 1.42)
High 1.81 (1.28, 2.56) 1.73 (1.23, 2.44) 1.78 (1.26, 2.50)

Table 2. Associations between self-reported LTPA and OPA and persistent pain and number of pain sites,
respectively, among 2787 adults participating in the fifth examination of the Copenhagen City Heart Study.
Association investigated using a hurdle model specified for a binomial (zero-count model) and negative
binomial distribution (count-model). Unadjusted model included LTPA or OPA. Mutually adjusted model
included LTPA and OPA. Fully adjusted model included LTPA, OPA, age, sex, and level of education. LTPA,
leisure time physical activity; OPA, occupational physical activity; OR, odds ratio; CI, confidence interval; n,
number of observations; Ref., reference category; IRR, incidence rate ratio.

(@)

OR w. 95% CI

Low Moderate High

Domain ¢ LTPA 4 OPA

(b)

IRR w. 95% CI

Low Moderate High

Fig. 2. Adjusted odds ratios (OR) of persistent pain (a) and incidence rate ratios (IRR) of number of pain sites
(b) for low, moderate, and high physical activity during leisure and work (vs. inactive and sedentary work,
respectively). Vertical lines reflect 95% confidence intervals (CI). Model adjusted for age, sex, and level of
education. LTPA, leisure time physical activity; OPA occupational physical activity.

Scientific Reports |

(2025) 15:21806

| https://doi.org/10.1038/s41598-025-05815-2

nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

OPA
Persistent pain | OR (95% CI)
LTPA Sedentary Low Moderate-high
Moderate-high | Ref. 1.13 (0.89, 1.43) | 1.46 (1.10, 1.93)

Low 1.23(0.96, 1.59) | 1.29 (0.99, 1.69) | 1.65 (1.20, 2.26)
Inactive 2.92 (1.86,4.58) | 1.55 (0.90, 2.66) | 2.33 (1.19, 4.53)
Number of OPA

pain sites IRR (95% CI)

LTPA Sedentary Low Moderate-High
Moderate-high | Ref. 1.31 (1.06, 1.62) | 1.39(1.10, 1.77)

Low

1.25(0.99, 1.57)

1.29 (1.02, 1.62)

1.29 (1.00, 1.67)

Inactive

1.31 (0.96, 1.79)

1.95 (1.33,2.85)

1.98 (1.29, 3.05)

Table 3. Associations between combinations of self-reported LTPA and OPA and persistent pain and number
of pain sites, respectively, among 2787 adults participating in the fifth examination of the Copenhagen City
Heart Study. Association investigated using a hurdle model specified for a binomial (zero-count model) and
negative binomial distribution (count-model). Model adjusted for age, sex, and level of education. LTPA,
leisure time physical activity; OPA, occupational physical activity; OR, odds ratio; CI, confidence interval; Ref,
reference category (moderate-high LTPA and sedentary work), IRR, incidence rate ratio.

One proposed hypothesis for why LTPA and OPA have contrasting associations with health, including
musculoskeletal pain, is differences in the type of physical activity, how it is performed, and under which
conditions'>!>, OPA and LTPA are typically diverse in the accumulated load, the temporal pattern of duration,
intensity, and frequency, as well as in opportunities for restitution'>!°. For example, LTPA is characterised by
dynamic work involving large muscle groups, which benefits whole-body metabolism and cardiac function™.
In contrast, OPA, is typically characterised by heavy lifting, pulling, pushing, prolonged standing and walking,
repetitive work, working with hands at or above shoulder height, and working with the back twisted or bent
forward (i.e., known risk factors for musculoskeletal disorders)!>!>16. The relative intensity and duration of
physical activity during leisure and work relative to each other®, the subsequent period for restitution'?, as well
as psychosocial factors are also of importance!”!8. As high OPA can involve excessive work demands combined
with low levels of influence and control it may lead to increased psychological stress that predispose an individual
to pain (i.e., the stress-diathesis model)!”. Such contextual factors may therefore result in different effects even
if the activity is similar. Although there are plausible explanations for the contrasting effects of LTPA and OPA
on musculoskeletal health, studies investigating mechanisms with a comprehensive biopsychosocial approach
are warranted.

Given the cross-sectional data, the risk of reversed causality should be kept in mind when interpreting the
current results, since persistent pain may affect physical activity levels both at work and leisure. As a post hoc
analysis, we investigated the association between persistent pain (exposure) and LTPA and OPA (outcomes),
using a multinominal logistic regression model. This revealed ORs of similar size as in our main analysis, which
highlights that the estimates should be interpreted as measures of association and not causal effects.

There were relatively few observations with high levels of LTPA and OPA, which resulted in lower precision
in the estimates for these groups as reflected in the Cls. Also, when we investigated associations between
combinations of LTPA and OPA and pain, we were forced to merge “moderate” and “high” due to too few
observations at the cost of less detailed results.

For most estimates, the E-values indicated that the analyses were not robust to uncontrolled confounding.
The highest E-values were found for high LTPA and OPA (adjusted OR: 0.4 and 2.9, respectively), where the
strongest associations between physical activity and persistent pain were found. If an unmeasured confounder
should be able to explain away these associations, it should be associated with both the exposure and outcome
by an OR of 2.6- and 2.8-fold, respectively.

The prevalence of persistent pain in the current study (47%) is relatively high compared to other population
based studies (21-51%)**-0. This may be explained by the longer time period in the pain question (i.e., pain
within the past 6 months vs. 3-months and 14 days in other general population studies)***+!, and the relatively
old study population as individuals 250 years appear to have a higher prevalence of chronic pain compared to
younger individuals>*4°.

The Saltin-Grimby Physical Activity Level Scale has limited validity and reliability when compared to
accelerometer-based measurements of physical activity?#2-#4, This results in inaccurate measurements that
can bias regression estimates towards null (i.e., regression dilution bias). Also, there is a risk of differential
misclassification given that individuals with pain may experience and rate their physical activity different (e.g.,
overestimate intensity and duration) than those without pain*®. Additionally, the OPA-item seems to have a
lower correlation with accelerometer-measured physical activity (total day) than the LTPA-item?**4, which may
have led to a higher degree of misclassification of OPA compared to LTPA in the current study. However, we have
found both the LTPA- and the OPA-item to be relatively good at differentiating between individuals’ time spent
in sedentary behaviour and moderate-to-vigorous physical activity during leisure, and in sedentary behaviour,
light-intensity physical activity, and moderate-to-vigorous physical activity during work (Johansson et al.,
unpublished results). In addition, the OPA-item has been used as exposure measurement in several studies with
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Fig. 3. Adjusted odds ratios (OR) of persistent pain (a) and incidence rate ratios (IRR) of number of pain
sites (b) for different combinations of physical activity during leisure and work (vs. moderate-high leisure
time physical activity [LTPA] and sedentary work). Vertical lines reflect 95% confidence intervals (CI). Model
adjusted for age, sex, and level of education. OPA, occupational physical activity.

consistent findings of associations with different health-related outcomes, such as long-term sickness absence'?,
ischemic heart disease*®%, major adverse cardiovascular events?$, cardiovascular disease-specific and all-cause
mortality?®->0. These consistent findings suggest that the OPA-item (similar to the LTPA-item) is able to capture
important aspects of OPA rather than reflecting random findings. Also, self-reported instruments may capture
more subjective nuances than accelerometers (e.g., relative intensity), and can be used to assess physical activities
that are more difficult to measure with accelerometers, such as weightlifting, pushing and pulling, and lifting.

Housewives were asked to answer the OPA-item while retired were asked to skip it. This is a limitation
since retired individuals likely have similar “domestic” physical activity exposures as housewives (without
underage children). We lack detailed data on occupation and related job exposures such as psychosocial and
environmental factors.

The sensitivity analysis based on a requirement of a pain intensity of>3 on a numeric rating scare (0-10)
showed similar results although some ORs and IRRs reflected a stronger association (but with lower precision)
than in the main analyses. One potential explanation for this, may be that less severe pain have a lower impact on
physical activity levels than moderate to severe pain. Individuals with a low pain intensity may, hence, introduce
more noise in the data that results in weaker associations.

One of the two parts of Copenhagen from which the study population was randomly drawn is characterized
by a high socioeconomic status. This likely explains the relatively high proportion of participants with a
university education and is also reflected in the distribution of OPA (university education most often leads to
jobs characterised by sedentary work). A higher proportion of study participants with low level of education
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would likely have led to a higher proportion of individuals reporting high OPA and a higher precision in the
estimates.

Given that the participation rate in the fifth examination of the CCHS was about 50%, we acknowledge the
risk of selection bias, which is important to consider when generalizing the results. Additionally, we excluded
1756 participants not fulfilling the inclusion criteria of which the majority (92%) lacked data on OPA. Most of
these missing values were likely due to retirement as 87% of those with missing OPA were >65 years (retirement
age in Denmark at the time of the data collection) and hence not part of our target population. This is also
reflected in the higher median age, and may partly explain the higher proportion of low level of education
and >3 pain sites compared to the included participants. Also, a healthy worker effect may be present in the
current study as in all epidemiological studies based on working populations®'. We hence acknowledge the risk
of selection bias, which should be kept in mind when interpreting the results.

Conclusions

In this adult population, we found a beneficial association between LTPA and persistent pain and number of
pain sites, but a detrimental association for OPA. The association between LTPA and persistent pain became less
beneficial with increasing levels of OPA. This study highlights that not all physical activity may be beneficial, but
we acknowledge the risk of reversed causality. The interplay between LTPA and OPA is important to consider
when recommending physical activity to working adults.

Data availability

The data that support the findings of this study are available from the Copenhagen City Heart Study. Restrictions
apply to the availability of these data (General Data Protection Regulation, European Union), which were used
under license for the current study, and so are not publicly available. The corresponding author may be contacted
for further information about the data application process.
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