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Abstract

Background: Evidence on the health benefits of occupational physical activity (OPA) is inconclusive. We examined the associations of baseline
OPA and OPA changes with all-cause, cardiovascular disease (CVD), and cancer mortality and survival times.

Methods: This study included prospective and longitudinal data from the MJ Cohort, comprising adults over 18 years recruited in 1998—-2016,
349,248 adults (177,314 women) with baseline OPA, of whom 105,715 (52,503 women) had 2 OPA measures at 6.3 £ 4.2 years (mean £ SD)
apart. Exposures were baseline OPA, OPA changes, and baseline leisure-time physical activity.

Results: Over a mean mortality follow-up of 16.2 & 5.5 years for men and 16.4 & 5.4 years for women, 11,696 deaths (2033 of CVD and 4631 of
cancer causes) in men and 8980 deaths (1475 of CVD and 3689 of cancer causes) in women occurred. Combined moderately heavy/heavy base-
line OPA was beneficially associated with all-cause mortality in men (multivariable-adjusted hazard ratio (HR) = 0.93, 95% confidence interval
(95%CI): 0.89—0.98 compared to light OPA) and women (HR = 0.86, 95%CI: 0.79—0.93). Over a mean mortality follow-up of 12.5 & 4.6 years
for men and 12.6 & 4.6 years for women, OPA decreases in men were detrimentally associated (HR = 1.16, 95%CI: 1.01—1.33) with all-cause
mortality, while OPA increases in women were beneficially (HR = 0.83, 95%CI: 0.70—0.97) associated with the same outcome. Baseline or
changes in OPA showed no associations with CVD or cancer mortality.

Conclusion: Higher baseline OPA was beneficially associated with all-cause mortality risk in both men and women. Our longitudinal OPA
analyses partly confirmed the prospective findings, with some discordance between sex groups.
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1. Introduction authorities’ have developed guidelines specifying the
minimal thresholds of weekly physical activity required for
general health. Such guidelines encourage physical activity
in any domain, including work. However, the depth and
breadth of evidence supporting the health benefits of each
physical activity domain is uneven, with LTPA dominating
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* Corresponding author. tional physical activity (OPA) receiving much less
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The health and longevity benefits of leisure-time
physical activity (LTPA) are well-established.'” The
World Health Organization (WHO)' and many national
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Although early physical activity studies of the 1950s and
19705 consistently pointed toward the likely cardiovascular
and mortality benefits of physically demanding jobs, current
research is far less conclusive. For example, a 2018 meta-analysis
found that men in highly active jobs had an 18% higher risk
of premature mortality compared with men in physically
inactive jobs.” An umbrella review of 158 observational
studies informing the WHO’s 2020 physical activity guide-
lines® found favorable associations with higher levels of OPA
across most of the 23 examined health outcomes, including
cancer and cardiovascular disease (CVD). Two recent large
Nordic studies further perplexed the OPA evidence landscape
by reaching almost diametrically opposite conclusions.”'? In
a cohort of 104,046 Danish adults followed for a median of
10 years, higher levels of baseline OPA showed detrimental
associations with all-cause mortality and major CVD events,
even among participants with very high LTPA levels.'” In
another cohort study of 437,378 Norwegian adults followed
up for 28 years, high levels of baseline OPA were associated
with higher longevity and lower CVD and cancer mortality
risk in men but not in women.’

Besides the incongruent findings summarized above,
no study has examined the effects of OPA changes on prospec-
tive health outcomes. Changes in OPA are common’ and may
occur due to a variety of reasons, including deteriorating
worker health. Findings from studies of baseline OPA showing
harm”'" or benefit*’ may be more likely to reflect causal rela-
tionships if replicated by studies with repeated measures of
OPA. Since trials that modify work patterns to change OPA
are less feasible (in fact, no such study exists to date), longitu-
dinal studies designed to examine OPA changes over time in
relation to long-term outcomes are necessary for advancing
this field of research.

Besides the escalating incongruence of the OPA literature
outlined above, the vast majority of studies were done in
affluent, mostly Nordic, Western countries (e.g., only 2 of the
33 studies included in the 2018 systematic review’ were from
non-Western countries). The distinctively different socio-
occupational conditions, economic hierarchies, and regulations
in non-Western countries may influence the health effects
of OPA by, for example, determining aspects of the work
environment, such as more tightly regulated provisions for
recovery time and breaks, performance expectations, and
norms around working hours. To our knowledge, the only
large Chinese study in this field (n=142,302) found manual
work to be associated with increased all-cause mortality risk
compared to sedentary workers in the whole sample, although
associations were attenuated to the null after adjusting for
potential confounders.'" No evidence of an association
between OPA and CVD mortality was present in the crude or
adjusted models."'

The aim of our study was to examine the associations of
baseline OPA and OPA changes with all-cause, CVD, and
cancer mortality risk in a large cohort of adults in Taiwan,
China. We also examined the independent and joint associa-
tions of baseline OPA and LTPA levels and the same set of
mortality outcomes.
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2. Methods
2.1. Study sample

We used data from the MJ Cohort, comprising adults under-
going routine health examination screening at the MJ Health
Management Institution across 4 geographically diverse loca-
tions in the northern (Taipei), north-west (Taoyuan), central
(Taichung), and southern (Kaohsiung) parts of Taiwan,
China.'? Participants have provided informed consent, and our
study was approved by the “National” Changhua University of
Education Research Ethics Committee, Taiwan, China
(NCUEREC-108-072). During each examination, participants
completed a self-administered questionnaire, anthropometric
measurements, and a physical examination at the time of health
check-up. In this study, we included economically active (full-
time or part-time employed or self-employed, excluding
students, retirees, and unemployed) people aged 18 years or
over who were initially measured between 1998 and 2016
(Supplementary Figs. 1—12). We carried out 2 main sets of
analyses: (a) baseline-only OPA against mortality to produce
estimates comparable with the rest of the literature,” '’
including the earliest examination with complete data
(n=349,248); and (b) OPA changes analyses among partici-
pants who attended at least 1 re-examination (follow-up
measurement) with complete data (n=105,461). Attendance at
re-examinations was not based on any pre-determined criteria.
If a participant had multiple re-examinations, we considered the
most recent one as the follow-up measurement. To minimize
the potential influence of reverse causality, we excluded from
each analysis those participants with self-reported CVD or
cancer at baseline (baseline OPA analyses), those who reported
having developed CVD or cancer prior to the follow-up exami-
nation (OPA changes analyses), and those who died within the
first 2 years of mortality follow-up.

2.2. Exposures

2.2.1. OPA

OPA was assessed through a closed-ended question com-
prising 4 options: light (mostly sedentary), moderate (repeti-
tive motions while sitting or standing, e.g., manufacturing),
moderately heavy (mostly standing or walking, e.g., construc-
tion, agriculture), and heavy (heavy lifting, loading, or moving
loads). This measure is broadly comparable to the 4-level
scales used in the recent Nordic studies.”'” Because of the low
percentage of participants in the top OPA category of the orig-
inal variable and the very low events rates (Supplementary
Table 1), we merged the 2 most active OPA groups into
“moderately heavy/heavy”.

OPA changes over time were classified as decreased/stable/
increased. Remaining in the same intensity category was
considered “OPA stable”, moving upward (e.g., from light to
moderate or high intensity) was considered “OPA increased”,
moving downward (e.g., from moderate to light or from high
to moderate) was considered “OPA decreased”. The physical
activity questionnaires are shown in Supplementary Text 1.
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2.2.2. LTPA

Participants self-reported their participation in LTPA using 3
closed-ended questions related to activity type, intensity (light,
moderate, medium-vigorous, and high-vigorous categories
assigned 2.5, 4.5, 6.5, and 8.5 metabolic equivalents (METS),
respectively'” %), and duration of time spent on these activities.'®
The questions and data handling have been described in detail
elsewhere.'” In brief, we calculated total LTPA volume (MET-h)
by multiplying activity intensity (MET) by duration (h). Based on
current physical activity guidelines,’ participants were categorized
into 4 groups: inactive (<1.00 MET-h), low (1.00—7.49 MET-h),
moderate (7.50—14.99 MET-h), and high (>15.00 MET-h).
The MJ Cohort LTPA questionnaire has acceptable
construct validity.'”"'® The LTPA questionnaire is provided
in Supplementary Text 1.

2.2.3. Joint physical activity exposure

Using the OPA and LTPA categorizations above, we also
derived a joint OPA—LTPA exposure'’ comprising all 12
mutually exclusive possible combinations of the 2 variables
(Supplementary Text 2).

2.3. Sociodemographic and behavioral covariates

Our a priori selection of covariates was based on the most
recent literature”'*"” and their availability in the MJ Cohort.’
For baseline-only analyses (OPA, LTPA, and joint OPA x
LTPA), we adjusted for age (continuous), birth cohort
(<1940, 1940—1949, 1950—1959, 1960—1969, 1970—1979,
or >1980), and the following self-reported variables: baseline
education level (junior high school or less, senior high school,
and college or higher), occupation type (Supplementary Text 3),
daily fruit and vegetable intake (<3 servings, 3—4 servings, or
>5 servings), combined smoking status (never, former, or
current) and pack-years, sleep duration per day (<4 h, 4—<6 h,
6—38 h, and >8 h), alcohol status (former drinker, drinks seldomly,
or current drinker), and body mass index (BMI).

2.4. Outcome assessment

Participants included in all analyses were followed up for
mortality through the Death file'” until death or censoring
(March 2, 2022) in Taiwan, China. CVD mortality included
deaths from coronary heart disease (International Classifica-
tion of Diseases (ICD)-9: 410—414 and 420—429; ICD-10:
120—125), stroke (ICD-9: 430—438 and ICD-10: 160—169),
and other circulatory diseases (ICD-9: 390—392, 393—398,
401—405, and 440; ICD-10: 110115, 101102, 105—109, 127,
130—152, 170, and 171). For cancer mortality, we used codes
140—208 of ICD-9 and codes C00—C97 of ICD-10. The accu-
racy of cause-of-death coding in Taiwan, China has been
estimated to be between 81% and 84%."”

2.5. Statistical analyses

Considering the strong evidence of sex-specific associations
between OPA and mortality,” * we stratified all analyses by
biological sex assigned at birth. As BMI may be considered a
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potential mediator of the association between physical activity
and mortality,””’ we also carried out a sensitivity analysis
excluding it.

2.5.1. Baseline OPA and joint OPA—LTPA analyses

We estimated the associations between OPA (alone and
jointly with LTPA) and the 3 mortality outcomes using Cox
regression. We examined the proportional hazards assumption
by testing interactions with log(time). In CVD and cancer
mortality analyses, we accounted for competing risk by using
the Fine-Gray sub-distribution method. In Model 1 (crude
model), we adjusted for age (year) and birth cohorts.” In
Model 2, we additionally adjusted for education, occupation
type, and marital status. Finally, for Model 3 we added alcohol
status, fruit and vegetable intake, sleep duration, smoking
status/pack years, and BMI; the baseline OPA models were
also adjusted for LTPA.

2.5.2. Changes in OPA analyses

We entered baseline OPA level and change over time as
a dual exposure in Cox regression models. Fine-Gray sub-
distribution method was used in CVD and cancer mortality
analyses. All models were adjusted for all potential
confounders mentioned above in the baseline OPA analyses,
which they were treated as time-varying covariates.

We reported this study as per the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (Supplementary STROBE Checklist)
(Supplementary Table 2).

2.5.3. Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the
report.

3. Results
3.1. Prospective analyses (baseline OPA and LTPA)

Table 1 presents the baseline characteristics of the sample
entered in the baseline OPA analyses by OPA level. Supple-
mentary Table 3 presents the sample’s characteristics by the
original 4-level OPA variable. Supplementary Fig. 1 shows
the baseline sample selection process. The mean age of the
171,934 men and 177,314 women entered in these analyses
was 38.9 + 11.5 and 39.2 £ 12.5 years, respectively (mean =+
SD). Over a mean mortality follow-up of 16.2 £ 5.5 years for
men (2,776,908 person-years) and 16.4 & 5.4 years for women
(2,906,946 person-years), there were 11,696 deaths (2033 of
CVD and 4631 of cancer causes) in men and 8980 deaths
(1475 of CVD and 3689 of cancer causes) in women. Supple-
mentary Fig. 2 shows the distribution of OPA by occupation

type.

3.1.1. Baseline OPA

In the minimally adjusted analyses, the moderate and
combined moderately heavy/heavy OPA levels were detrimen-
tally associated with all-cause mortality in men but



Table 1

Characteristics of the sample entered in the baseline analyses by sex and occupational physical activity level.

Male (n = 171,934)

Female (n=177,314)

All males Light Moderate Moderately heavy/  All females Light Moderate Moderately heavy/
Heavy" Heavy"
n (core sample) 171,934 96,812 46,671 28,451 177,314 114,721 50,745 11,848
Age (year) 389+£11.5 39.0£11.1 37.7 £11.1 404 +13.1 392+ 125 382+ 121 40.8 £12.9 423 +13.1
Follow-up (year) 16.2£55 16.0+54 163 +5.5 16.6 £ 5.8 164+54 162 +54 169 +55 162 +5.7
Follow-up (person-year) 2,776,908 1,546,270 758,978 471,660 2,906,946 1,857,874 857,325 191,747
All-cause mortality (per 100,000 person-year) 421 387 383 596 309 288 343 355
Cancer death (per 100,000 person-year) 167 148 154 249 127 114 150 152
CVD death (per 100,000 person-year) 73 69 66 98 51 47 56 62
Baseline LTPA (MET- h/week)
<1.00 35,463.0 +£20.6 17,126.0 £ 17.7 99150 £21.2  8422.0 +29.6 44,738.0 £25.2  27,496.0 +24.0 13,791.0 £27.2  34,51.0 £29.1
1.00—7.49 87,064.0 £ 50.6  50,865.0 £52.5 23,771.0+50.9 12,428.0 +43.7 97,892.0 £ 552  65,725.0 £573  26,051.0£51.3  61,16.0+£51.6
7.50—14.99 20,371.0 £ 11.8  12,366.0 = 12.8  5384.0 £ 11.5  2621.0+9.2 19,653.0 + 11.1  12,511.0 £ 10.9 6068.0 £12.0  10,74.0 £ 9.1
>15.00 29,036.0 +£16.9 16,4550+ 17.0  7601.0£16.3  4980.0+17.5 15,031.0 £ 8.5 8989.0 £ 7.8 4835.0£9.5 1207.0 £ 10.2
BMI group (kg/m?)°
Underweight 5992.0 £3.5 2872.0 £ 3.0 1900.0 £ 4.1 1220.0 £4.3 24,482.0+13.8  16,867.0 £ 14.7 6260.0 £12.3 13550+ 11.4
Normal 83,574.0 £ 48.6 46,437.0 £48.0 22,932.0+49.1 14,205.0+£49.9 110,924.0 £ 62.6  73,533.0 £ 64.1  30,532.0 £60.2  6859.0 £57.9
Overweight 52,798.0 £30.7 30,674.0 £31.7 13,928.0 £29.8 8196.0 £ 28.8 26,464.0 £ 149 15431.0 £ 13.5 8760.0 £17.3  2273.0+19.2
Obese 29,570.0 +17.2 16,829.0 +17.4  7911.0£17.0  4830.0+ 17.0 15,444.0 + 8.7 8890.0 £ 7.7 5193.0 £10.2 1361.0 £ 11.5
Education
Junior high school or less 20,560.0 + 12.0  5817.0 £ 6.0 5673.0 £12.2  9070.0 +31.9 37,873.0+21.4 16,3920+ 143  16,201.0 £31.9  5280.0 £ 44.6
Senior high school 32,805.0£19.1 11,650.0 +12.0 11,991.0 £25.7 9164.0 £32.2 38,325.0+21.6  20,352.0 +17.7 14,820.0 £+ 29.2 3153.0 £26.6
College or higher 118,569.0 £ 69.0  79,345.0 = 82.0 29,007.0 £62.2 10,217.0 £35.9 101,116.0 £57.0  77,977.0 £ 68.0  19,724.0 £38.9  3415.0 £28.8
Smoking NA NA NA NA NA NA
Never 88,858.0 £ 51.7 56,036.0 £57.9 21,618.0+46.3 11,204.0+39.4 162,338.0 £91.6 106,493.0 +92.8  45,482.0 £ 89.6 10,363.0 £ 87.5
Former 17,001.0 £9.9 9527.0£9.8 4432.0£9.5 3042.0 £ 10.7 3243.0+£ 1.8 1780.0 £ 1.6 1163.0 £2.3 300.0 £ 2.5
Current 66,075.0 +38.4 31,249.0 £32.3 20,621.0 £44.2 14,205.0 +49.9 11,733.0 £ 6.6 6448.0 £ 5.6 4100.0 £ 8.1 1185.0 £ 10.0
Smoking (pack-year)
Never 88,858.0 £ 51.7 56,036.0 £57.9 21,618.0+46.3 11,204.0+39.4 162,338.0 £91.6 106,493.0 +92.8  45,482.0 £ 89.6 10,363.0 £ 87.5
Former: <1.875 4232.0+2.5 2517.0 £ 2.6 1098.0 £2.4 617.0 2.2 1785.0 £ 1.0 962.0 + 0.8 6450+ 1.3 178.0 £ 1.5
Former: 1.875—<9.000 6367.0 £ 3.7 3643.0 £3.8 1665.0 + 3.6 1059.0 £3.7 1165.0 £ 0.7 656.0 + 0.6 414.0+0.8 95.0£0.8
Former: >9.000 6402.0 £ 3.7 3367.0 £ 3.5 1669.0 £ 3.6 1366.0 £ 4.8 293.0+£0.2 162.0 £ 0.1 104.0 £ 0.2 27.0+£0.2
Current: <1.875 6218.0 £ 3.6 3044.0 £3.1 2043.0 £ 4.4 1131.0 £ 4.0 2968.0 + 1.7 1610.0 £ 1.4 1022.0 £2.0 336.0+2.8
Current: 1.875—<9.000 23,822.0+13.9 11,567.0£11.9  7661.0 £ 164  4594.0 + 16.1 6067.0 £ 3.4 3324.0£29 2159.0 £4.3 584.0 £4.9
Current: >9.000 36,035.0+21.0 16,638.0+17.2 10,917.0£23.4  8480.0 +29.8 2698.0 £ 1.5 15140+ 1.3 919.0 £ 1.8 265.0.+£2.2
Alcohol
Former 6416.0 £ 3.7 2939.0 £ 3.0 1875.0 £4.0 1602.0 £ 5.6 2301.0+ 1.3 1135.0 £ 1.0 924.0 £+ 1.8 2420 £2.0
Seldom*® 160,236.0 £93.2 91,820.0 +94.8 43,276.0 £92.7 25,140.0 £ 88.4 173,979.0 £98.1 113,086.0 £98.6  49,390.0 £97.3 11,503.0 +97.1
Current 5282.0 £3.1 2053.0 £ 2.1 1520.0 £3.3 1709.0 £ 6.0 1034.0 £ 0.6 500.0 £ 0.4 431.0+0.8 103.0 £ 0.9
Fruit and vegetable intake (servings/day)
<3 70,613.0 £ 41.1 38,119.0 £39.4 19,726.0 £42.3 12,768.0 + 44.9 64,453.0 £36.3 41,943.0+36.6 17,752.0£35.0  4758.0 +40.2
3-4 84,185.0 £49.0 48,945.0 £50.6 22,440.0 +£48.1 12,800.0 &+ 45.0 90,452.0 £51.0  58,928.0£51.4  25955.0+51.1 5569.0 £47.0
>5 17,136.0 £ 10.0  9748.0 &+ 10.1 4505.0 £9.7 2883.0 + 10.1 22,409.0 +12.6  13,850.0 £ 12.1 7038.0 £ 13.9 1521.0 £ 12.8

(continued on next page)
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Table 1 (Continued)

Male (n = 171,934)

Female (n=177,314)

All males Light Moderate Moderately heavy/  All females Light Moderate Moderately heavy/
Heavy" Heavy®
Sleep (h/day)
<4 1325.0 £ 0.8 592.0 £ 0.6 386.0 £ 0.8 347.0£ 1.2 21100 £ 1.2 1116.0 £ 1.0 807.0 £ 1.6 187.0 £ 1.6
4-6 33,877.0 £ 19.7 17,921.0 £ 18.5 9803.0 £21.0  6153.0£21.6 35,024.0+19.8  20,690.0 £ 18.0  11,337.0 £22.3 2997.0 £25.3
>6—8 126,010.0 £73.3  72,411.0 £ 74.8 33,806.0 = 72.4 19,793.0 £ 69.6 124,736.0 +£70.3  83,357.0 £ 72.7  33,737.0 £ 66.5 7642.0 £ 64.5
>8 10,722.0 + 6.2 5888.0 + 6.1 2676.0 + 5.7 2158.0£ 7.6 15,444.0 £ 8.7 9558.0 £ 8.3 4864.0 £ 9.6 1022.0 £+ 8.6
Chronic lung disease 5567.0 £3.2 3378.0 £3.5 1376.0 £ 2.9 813.0£2.9 4861.0 2.7 3185.0 £2.8 1363.0 £ 2.7 313.0 £ 2.6
Birth cohort
<1940 9626.0 + 5.6 5186.0 £ 5.4 2160.0 £ 4.6 2280.0 £+ 8.0 10,929.0 £ 6.2 6489.0 £ 5.7 3661.0 £ 7.2 779.0 £ 6.6
1940—1949 13,004.0 £ 7.6 6256.0 £ 6.5 3083.0 £ 6.6 3665.0 £ 12.9 17,687.0 &+ 10.0 8409.0 £7.3 7268.0 £ 14.3 2010.0 £17.0
1950—1959 25,107.0 £ 14.6  14,528.0 £ 15.0  6103.0 £ 13.1 44,760. £ 15.7 26,186.0 +14.8  15,514.0 £ 13.5 7916.0 £15.6  2756.0 £23.3
1960—1969 48,873.0 £28.4 28,706.0 £29.7 13,567.0 + 29.1 6600.0 £23.2 43,318.0 =244  29,181.0+25.4 12,311.0 £24.3 1826.0 £ 154
1970—1979 56,938.0 £33.1 32,466.0 +£33.5 16,428.0 £ 35.2 8044.0 £ 28.3 56,965.0 £32.1  39,938.0 £34.8  14,358.0 +28.3 2669.0 £22.5
>1980 18,386.0 +£10.7  9670.0 £ 10.0  5330.0 £ 11.4  3386.0+11.9 22,229.0+12.5  15,190.0 £ 13.2 5231.0£10.3 1808.0 £ 15.3
Occupation
Armed forces occupations 3130.0 £ 1.8 1739.0 £ 1.8 805.0 £ 1.7 586.0 £2.1 428.0+£0.2 333.0£0.3 81.0£0.2 14.0 £ 0.1
Clerical support workers 9035.0 £ 5.3 7175.0 £ 7.4 1271.0 £2.7 589.0 £2.1 23,203.0 £ 13.1  21,630.0 + 18.9 1436.0 £2.8 137.0 £ 1.2
Craft and related trades workers 25,952.0£15.1 10,581.0 £10.9 7425.0 £ 15.9 7946.0 £27.9 7146.0 £ 4.0 3831.0£33 2200.0 £4.3 11150 £ 94
Elementary laborers 4741.0 £2.8 438.0+0.5 1471.0 £3.2 2832.0 £ 10.0 24840+ 1.4 577.0 £ 0.5 1098.0 £2.2 809.0 £ 6.8
Legislators, senior officials, and managers 10,384.0 £ 6.0 8187.0 £8.5 1856.0 £ 4.0 3410+ 1.2 4561.0 £2.6 3991.0 £ 3.5 503.0+ 1.0 67.0+0.6
Professionals 13,4220+ 7.8 8529.0 £ 8.8 3246.0 £ 7.0 1647.0 £ 5.8 15,047.0 £ 8.5 9785.0 £ 8.5 4155.0+£8.2 1107.0 £9.3
Service and sales workers 41,761.0 £24.3  28,591.0 £29.5 8175.0£17.5  4995.0 £ 17.6 26,063.0 +14.7  17,980.0 + 15.7 6224.0 £ 12.3 1859.0 £ 15.7
Skilled agricultural, forestry, and fishery workers ~ 54,742.0 +31.8 29,171.0 £30.1 19,722.0 +42.3 5849.0 £ 20.6 94,243.0 £ 53.2  55,149.0 £48.1  33,540.0 £ 66.1 5554.0 £46.9
Technicians and associate professionals 4655.0 £2.7 612.0 £ 0.6 1253.0 £2.7 2790.0 £9.8 1966.0 £+ 1.1 245.0£0.2 729.0 + 1.4 992.0 + 8.4
Other 41120 +£2.4 1789.0 £ 1.8 1447.0 £ 3.1 876.0 £ 3.1 2173.0 £ 1.2 1200.0 £+ 1.0 779.0 £ 1.5 194.0 £ 1.6

Note: Data are presented as mean £ SD.

? Combination of top 2 OPA categories: moderately heavy and heavy.
b Category cut-offs are: underweight (<18.5 kg/m?); normal (18.5—<24.0 kg/m?); overweight (24.0—<27.0 kg/m?); and obese (>27.0 kg/m?).

¢ Less than 1 alcoholic drink per week.

Abbreviations: BMI = body mass index; CVD = cardiovascular disease; LTPA = leisure-time physical activity; MET = metabolic equivalent; NA = not available; OPA = occupational physical activity.
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beneficially associated in women (Model 1 in Fig. 1).
Adjusting for socioeconomic status (Model 2 in Fig. 1A and
IB) inversed the associations of the moderately heavy/heavy
OPA category so that it was also shown to be beneficial in
men. Further adjustment for BMI, LTPA, and other lifestyle
health behaviors (Model 3 in Fig. 1A and 1B) did not materi-
ally affect these protective associations with all-cause
mortality, although estimates were generally attenuated. Anal-
yses of the 4-group baseline OPA exposure suggested that the
original moderately heavy OPA group drove the above effects
for men (Supplementary Fig. 3), while the moderately heavy
and heavy groups were more balanced contributors in women
(Supplementary Fig. 4).

Removing adjustment for BMI had minimal impact. For
example, the hazard ratio (HR) for men with moderately
heavy/heavy OPA changed from 0.93 (95% confidence
interval (95%CI): 0.89—0.98) to 0.92 (95%CI: 0.88—0.97;
data not shown). There was evidence for detrimental associa-
tions between OPA and CVD/cancer mortality in the mini-
mally adjusted models, which were attenuated following
adjustment for the rest of covariates (Supplementary Fig. 5).
We found no evidence for multivariable-adjusted associations
of OPA with CVD or cancer mortality in women (Supplemen-
tary Fig. 6). Additional multivariable-adjusted analyses
confirmed that the beneficial OPA and all-cause mortality
associations were driven by non-CVD and non-cancer
mortality (Supplementary Fig. 7).

3.1.2. Joint OPA—LTPA analyses

Supplementary Tables 4 and 5 and Supplementary Fig. 8
show the associations of LTPA with mortality, and they reveal
clear associations with non-CVD/cancer mortality only. There
were graded beneficial associations with jointly higher OPA
and LTPA levels and all-cause mortality in men (Fig. 2A) and
women (Fig. 2B), which persisted following multivariable

E. Stamatakis et al.

adjustment in most cases. For example, being in the top LTPA
category in men was associated with an HR of 0.86 (95%CTI:
0.78—0.94) among those with moderate OPA levels and an
HR of 0.80 (95%CI: 0.72—0.88) among those in the combined
moderately heavy/heavy OPA group. Associations with CVD
mortality were inconsistent with any monotone dose-response
relationship (Supplementary Figs. 9A and 10A). Similarly, we
found little consistent evidence for joint OPA—LTPA associa-
tions with cancer in men or women (Supplementary Figs. 9B
and 10B). The associations of all-cause mortality and the joint
OPA—LTPA variable were driven by non-CVD/non-cancer
mortality (Supplementary Fig. 11). We found no evidence for
statistical interaction between OPA and LTPA across the 3
mortality outcomes. Repeating the joint OPA—LTPA analyses
with the 2 exposures dichotomized to low (OPA: light and
moderate; LTPA: <8 MET-h/week) and high (OPA: moderately
heavy and heavy; LTPA: >8 MET-h/week) (Supplementary
Fig. 12) produced broadly similar results to the more
detailed joint categorization presented in Fig. 2, while
revealing more clearly statistically significant associations
in women. For both men and women, high LTPA was
beneficially associated with all-cause mortality among
participants in both less and more active occupations (e.g.,
women in the high OPA—high LTPA category had an HR
of 0.81 (95%CI: 0.70—0.94), compared to the referent low
OPA—low LTPA group) (Supplementary Fig 12).

3.2. Longitudinal analyses: OPA changes

Supplementary Fig. 13 shows the longitudinal sample selec-
tion process and Supplementary Table 6 presents the charac-
teristics of the sample included in the OPA changes analyses.
The mean age of the 53,107 men and 52,354 women entered
was 36.5 &+ 9.3 years and 37.1 =+ 10.9 years, respectively. The
2 OPA measurements occurred 6.2 & 4.1 years apart in men

A Men

Occqpationall n (Events) Hazard ratio (95%Cl)

physical activity

Model 1
Light 96,812 (5982) Reference
Moderate 46,671 (2905) —e—t 1.11 (1.06,1.16)
Moderately heavy/ 28 451 (2809) et 1.17 (1.12,1.22)
Heavy

Model 2
Light 96,812 (5982) Reference
Moderate 46,671 (2905) et 0.94 (0.89, 0.98)
Moderately heavy/ 28 451 (2809) i 0.88 (0.84, 0.93)
Heavy

Model 3
Light 96,812 (5982) Reference
Moderate 46,671 (2905) et 0.98 (0.93, 1.02)
Moderately heavy/ 28 451 (2809) —.— 0.93 (0.89,0.98)
Heavy r T 1

0.60 0.80 1.00 1.25
Hazard ratio

B Women
Occupational . "
physical activity n (Events) Hazard ratio (95%Cl)
Model 1
Light 114,721 (5357) Reference
Moderate 50,745 (2942) | 0.95 (0.91,1.00)
Moderately heavy/ 11,848 (681) —— 0.89 (0.83,0.97)
Heavy
Model 2
Light 114,721 (5357) Reference
Moderate 50,745 (2942) i 0.88 (0.84,0.92)
Moderately heavy/ 11 g4 (681) —e— 0.79 (0.73,0.86)
Heavy
Model 3
Light 114,721 (5357) Reference
Moderate 50,745 (2942) ] 0.93 (0.89,0.98)
Moderately heavy/ 11 848 (681) e 0.86 (0.79,0.93)
Heavy r T 1
0.60 0.80 1.00 1.25
Hazard ratio

Fig. 1. Associations between baseline OPA and all-cause mortality in (A) men and (B) women. Model 1 is adjusted for age and birth cohort. Model 2 is addition-
ally adjusted for education, occupation type, and marital status. Model 3 is additionally adjusted for sleep duration, alcohol, smoking, LTPA, and BMI.
95%CI =95% confidence interval; BMI =body mass index; LTPA = leisure-time physical activity; OPA = occupational physical activity.
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A Men
Joint exposure n (Events) Hazard ratio (95%Cl)
Light OPA
LTPA: <1.00 MET-h 17,126 (1308) Reference
LTPA: 1.00—7.49 MET-h 50,865 (2070) i 0.92 (0.86,0.99)
LTPA: 7.50—14.99 MET-h 12,366 (1141) e 0.92 (0.85,1.00)
LTPA: 215.00 MET-h 16,455 (1463) —— 0.86 (0.79,0.92)
Moderate OPA
LTPA: <1.00 MET-h 9915 (759) —e—n 0.93 (0.85,1.02)
LTPA: 1.00—7.49 MET-h 23,771 (1028) —e— 0.94 (0.87,1.02)
LTPA:7.50—14.99 MET-h 5384 (453) —— 0.87 (0.78,0.96)
EIBAE1500METh 7601 (665) — 0.86 (0.78,0.94)
Moderately heavy/
Heavy OPA
LTPA: <1.00 MET-h 8422 (1095) —e—i 0.91(0.84,0.99)
LTPA: 1.00—7.49 MET-h 12,428 (857) —— 0.90 (0.82,0.98)
LTPA: 7.50—14.99 MET-h 2621 (296) — 0.81(0.71,0.92)
LTPA: 215.00 MET-h 4980 (561) —— 0.80 (0.72,0.88)
0. LSO 0. ;O 1.00 1 ;5
Hazard ratio
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B Women
Joint exposure n (Events) Hazard ratio (95%Cl)
Light OPA
LTPA: <1.00 MET-h 27,496 (1242) Reference
LTPA: 1.00—7.49 MET-h 65,725 (2113) g 1.00 (0.93,1.07)
LTPA: 7.50—14.99 MET-h 12,511 (1156) —— 0.94 (0.87,1.02)
LTPA: 215.00 MET-h 8989 (846) —a—i 0.87 (0.80,0.95)
Moderate OPA
LTPA: <1.00 MET-h 13,791 (831) — 0.97 (0.89, 1.06)
LTPA: 1.00—7.49 MET-h 26,051 (1111) —e—i 0.92 (0.84,0.99)
LTPA:7.50—14.99 MET-h 6068 (516) —— 0.85 (0.77,0.95)
LTPA: 215.00 MET-h 4835 (484) — 0.82 (0.74,0.92)
Moderately heavy/
Heavy OPA
LTPA: <1.00 MET-h 3451 (233) —— 0.78 (0.68,0.90)
LTPA: 1.00—7.49 MET-h 6116 (272) ——— 0.94 (0.82,1.07)
LTPA: 7.50—14.99 MET-h 1074 (76) +————e——— 0.77 (0.61,0.97)
LTPA: 215.00 MET-h 1207 (100) ———————| 0.81(0.66,0.99)
0. ;O 0. ;0 1.00 1 K25
Hazard ratio

Fig. 2. Joint associations of baseline OPA and LTPA with all-cause mortality in (A) men and (B) women. Models are adjusted for age, birth cohort, education,
occupation type, marital status, sleep duration, alcohol, smoking, and BMI. 95%CI =95% confidence interval; BMI = body mass index; LTPA = leisure-time phys-

ical activity; MET = metabolic equivalent; OPA = occupational physical activity.

and 6.4 + 4.2 years apart in women. Over a mean mortality
follow-up of 12.5 + 4.6 years for men (663,718 person-years)
and 12.6 £ 4.6 years for women (662,247 person-years), there
were 1600 deaths (306 of CVD and 828 of cancer causes) in
men and 1847 deaths (258 of CVD and 774 of cancer causes)
in women. The OPA changes sample was younger by approxi-
mately 2 years, on average, and more educated (e.g., 76.4% vs.
69.0% men had a degree); it was comparable across all other
characteristics.

Fig. 3 (men) and Fig. 4 (women) and Supplementary Tables
7 (men) and 8 (women) present the associations of the OPA
changes analyses with the 3 mortality outcomes. In the finally
adjusted models, OPA decreases over time were associated
with higher all-cause mortality risk in men (HR = 1.16,
95%CI: 1.01—1.33), while OPA increases were associated

with lower risk in women (HR = 0.83, 95%CI: 0.70—0.97).
We noted no consistent evidence of associations of OPA
changes with CVD or cancer mortality in men or women. The
results of the OPA changes analyses using the original 4-group
OPA exposure were consistent with the effects noted above,
although the detrimental association with all-cause mortality
for men who increased OPA over time was more pronounced
(Supplementary Figs. 14 and 15).

3.3. Age-restricted analyses

Repeating the Cox models in those aged >40 years
(n=69,419 men and n = 65,233 women in baseline OPA anal-
yses; n= 16,682 men and n= 15,843 women in OPA changes
analyses) produced a similar pattern of results to that of the

A All-cause mortality
Occupational .
i - n (Even Hazard ratio (95%Cl
physical activity (Events) (85%C)
Baseline
Light 31,182 (913) [ ] Reference
Moderate 14,687 (504) —o— 1.04 (0.91,1.18)
Moderately heavy/ 7238 (430) —eot— 0.97 (0.83,1.14)
Heavy
Changes
Maintained 38,333 (1,217) [ ] Reference
Decreased 9150 (383) —e— 1.16(1.01,1.33)
Increased 5624 (247) H—e—1 1.13 (0.98,1.30)
r T T 1
0.50 0.75 100 125 150
Hazord ratio

B Cardiovascular disease mortality
Occupational 1, (g yents) Hazard ratio (95%Cl)
physical activity
Baseline
Light 31,182 (165) Reference
Moderate 14,687 (69) +———————— 0.75 (0.54,1.04)
Moderately heavy/ 7238 (72) +——————-1— 0.78 (0.53,1.16)
Heavy
Changes
Maintained 38,333 (215) Reference
Decreased 9150 (57) —_— 1.07 (0.76,1.51)
Increased 5624 (34) [e——— 0.85(0.59,1.24)
T T T |
050 075 100 125 150
Hazord ratio
C Cancer mortality
Occupational X
P - . n(Events) Hazard ratio (95%Cl)
physical activity
Baseline
Light 31,182 (390) Reference
Moderate 14,687 (239) T 1.18 (0.97,1.43)
»Mggifa'elv heavy/ 7238 (199) e 1.11(0.88,1.42)
Changes
Maintained 38,333 (544) Reference
Decreased 9150 (184) — 1.20 (0.99,1.46)
Increased 5624 (100) [ — 1.07 (0.85,1.33)
T T T |
0.50 0.75 100 125 150
Hazord ratio

Fig. 3. Associations between OPA changes and risk of (A) all-cause, (B) CVD, and (C) cancer mortality in men. Adjusted for sleep duration, alcohol, smoking,
leisure-time physical activity, and BMI. 95%CI =95% confidence interval; BMI = body mass index; CVD = cardiovascular disease; OPA = occupational physical

activity.
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A All-cause mortality

Occupational

physical activity n (Events)

Hazard ratio (95%Cl)

Baseline

Light 35,065 (923) ® Reference
Moderate 14,359 (554) —e—H 0.90 (0.79,1.03)
Moderately heavy/ 2930 (123) —e— 0.82 (0.65,1.04)
Heavy
Changes

Maintained 38,467 (1071) [ ] Reference
Decreased 8236 (349) H-o—i 1.08 (0.93,1.26)
Increased 5651 (180) —e— 0.83 (0.70,0.97)

r T T 1

0.50 0.75 100 125 1.50
Hazard ratio

Occupational
physical activity
Baseline
Light
Moderate

Cardiovascular disease mortality

n (Events)

35,065 (145)
14,359 (90)

Moderately heavy/ 2930 (23)

changes
Maintained
Decreased
Increased

38,467 (169)
8236 (56)
5651 (33)

T

—

—_—r

Hazard ratio (95%Cl)

Reference
1.02(0.73,1.43)
1.09 (0.61,1.95)

Reference
0.92 (0.63,1.34)
0.98 (0.67,1.44)

0.50

075 100 125
Hazard ratio

1
150

Occupational
physical activity

n (Events)

Cancer mortality

Hazard ratio (95%Cl)

Baseline
Light 35,065 (444)
Moderate 14,359 (275)
Moderately heavy/ 2930 (55)
Heav

Changes
Maintained
Decreased

Reference
1.02(0.84,1.23)
0.92 (0.65,1.30)

Reference
1.03 (0.83,1.28)
0.83 (0.65,1.05)

38,467 (527)
8236 (163)
5651 (84)

T

—_—

Increased —

T T
0.50 0.75 100 125 150
Hazard ratio

Fig. 4. Associations between OPA changes and risk of (A) all-cause, (B) CVD, and (C) cancer mortality in women. Adjusted for sleep duration, alcohol, smoking,
LTPA, and BMI. 95%CI=95% confidence interval; BMI =body mass index; CVD = cardiovascular disease; LTPA = leisure-time physical activity; OPA = occu-

pational physical activity.

main analyses, albeit any observed associations were more
pronounced (Supplementary Figs. 16 and 17). For example,
the all-cause mortality HR for men aged >40 moderately
heavy/heavy baseline OPA was 0.88 (95%CI: 0.84—0.93) vs.
0.93 (95%CI: 0.89—0.98) in the whole male sample.

4. Discussion

Despite the occupational domain roots of physical activity
epidemiology,™® uncertainty surrounds the health effects of
OPA in recent years due to numerous limitations in the current
literature and the resulting inconsistencies in findings. This
uncertainty is more pronounced in non-Western countries
which, to date, have contributed very little to the OPA
evidence base.”*'" Our study is the world’s first longitudinal
investigation into the changes in OPA and mortality and the
second large prospective study'' with all-cause and cause-
specific mortality in a non-Western country. We found that
heavier baseline OPA levels were associated with lower all-
cause mortality in both men and women. The OPA changes
analyses produced mixed sex group-specific findings that
collectively lend some modest support to the baseline OPA
data-based conclusions. These findings are novel and inform
global public health practice by expanding the pool of
evidence beyond Western counties.

4.1. Baseline OPA and LTPA

The beneficial associations of baseline OPA with all-cause
mortality in both men and women partly contradict the results
of a recent meta-analysis’ where men in highly active jobs had
18% (5%—34%) higher mortality than men in light OPA jobs,
while women’s pooled estimates were of similar magnitude to
our beneficial estimates but not statistically significant (10%
lower risk, —1% to 20%). Only 2 of the 33 studies included in
this systematic review’ were from non-Western countries, and
our results are in broad agreement with the largest of them. In

the Golestan Cohort Study (Iran, n=50,045),”" participants in
level 2 jobs (standing/occasional walking, i.e., roughly equiva-
lent to “moderately heavy” in the MJ Cohort) had 76%
(95%CI: 16%—168%) (women), and those in Level 1 jobs
(mostly sitting) had higher (men, 51% (95%CI: 21%—88%);
women, 47% (95%CI: 5%—106%)) mortality risk than those
in Level 4 jobs (highly active outdoor jobs, roughly equivalent
to our collapsed “moderately heavy/heavy” category). A more
recent analysis of the China Kadoorie Biobank'' reported no
associations between OPA grouping (mainly sedentary,
standing occupation, and manual occupation) and all-cause or
CVD mortality in the whole sample (n=142,302). However,
subgroup analyses revealed differences among socioeconomic
status and LTPA groups. They found beneficial associations of
OPA and mortality in the least educated but harmful associa-
tions in the most educated and those who do LTPA regularly.
Collectively, these studies further highlight the complexity of
OPA as a health exposure. We found lower (men, 15%;
women, 19%) all-cause mortality risk among participants in
heavy occupations who reported at least 8 MET-h/week of
LTPA at baseline, a finding that is in line with a recent systematic
review that concluded regular recreational physical activity is
beneficial even among highly active workers.”

Our baseline OPA all-cause mortality findings are in partial
agreement with one’ but not the other'’ of the large Nordic
cohorts. In the Norwegian study,” the HRs (which were only
presented as smoothed curves in the appendix) were in fair
agreement with our findings in men. In their main analyses of
survival times, Dalene and collegues’ found beneficial associa-
tions of baseline OPA with life expectancy and all-cause
mortality in men only.

We did not replicate the contrasting OPA (detrimental) and
LTPA (beneficial) associations, known as the “physical
activity paradox”,”**** reported in the Danish study'’ and the
2018 meta-analysis (in men only).” Our findings confirmed the
well-established' dose—response associations between LTPA
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and all-cause” mortality and revealed additive benefits in
highly active men and women in both domains. Although the
direction of the LTPA associations was favorable in general,
our results were less conclusive than meta-analyses of LTPA
with CVD or cancer’® mortality. The weak evidence of associ-
ations between both physical activity domains and CVD and
cancer mortality in our study is less aligned with recent OPA
literature™'” and large-scale evidence syntheses.' Our results
may reflect differences in the distribution of death between
Western counties (including Nordic) and South-East Asia. For
example, in South-East Asia, CVD-related causes of death
represent a much smaller proportion of total mortality than in
Northern and Western European countries.”’" In the baseline
analyses of the MJ Cohort, only 17% of total deaths were due
to CVD causes, which is the same as in a recent Chinese OPA
study,'' but considerably than the 27% exhibited by their
Norwegian cohort counterparts.”

4.2. OPA Changes

The mixed findings of the OPA changes analyses provide
some support, albeit modest, to the interpretation of the base-
line OPA data. Temporal decreases in a beneficial exposure
should at least theoretically be associated with deterioration in
risk, and vice versa. Both of these findings were present in our
study but in different sex groups: OPA decreases in men were
associated with higher and OPA increases in women with
lower all-cause mortality risk as compared to stable OPA in
each sex group. The direction and magnitude of these sex-
specific associations support this theoretical paradigm (16%
higher risk for men’s OPA decreases and 17% lower risk for
women’s OPA increases). The higher risk associated with
men’s OPA increases (Fig. 3), a finding that was more
pronounced when we analysed the original 4-group OPA expo-
sure (Supplementary Fig. 14), prevents us from confidently
confirming the paradigm based on our longitudinal data.
Assuming that the 2 aforementioned sex-specific findings are
not isolated but part of a consistent pattern, we speculate that
they may be partly explained by healthy worker effects (i.e.,
men whose health deteriorated or who developed chronic
disease moved to less active occupations, while women who
stayed in good health increased their OPA level by being
assigned to more physically demanding roles). We acknowl-
edge that although we excluded those who developed CVD
and cancer prior to the second OPA assessment, development
of other chronic conditions compromising workers’ physical
capacity may still be at play.

5. Strengths and weaknesses

We used a large population sample with long follow-up
times and repeated OPA measures. Our study is one of the
largest analyses of OPA and health”® to directly address at
least 2 major gaps identified by the WHO’s recent
guidelines™®: (a) the need for evidence from non-Western
countries, and b) the need to understand domain-specific
effects of physical activity. We adjusted for a comprehensive
list of potential confounders, including occupation type and
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sleep. We took extensive measures against reverse causation
(i.e., healthier participants employed in active occupations and
doing more LTPA) and undiagnosed/occult disease.

Our study also has some limitations. We were able to
examine OPA changes in only 30% of the sample entered in
the baseline OPA analyses, which might have compromised
generalizability and statistical power in the OPA changes anal-
yses,”” although it is unlikely that this fully explains the less
clear longitudinal effects, as the 2 samples differed relatively
little. The completeness of the death file data in Taiwan, China
is not known.'”'® Considering that work cultures and work
environments are highly variable, it is not clear to what extend
our findings are generalizable outside of Taiwan, China.
Modelling changes in OPA is not sufficient for causal infer-
ence. We did not make full use of all available OPA measure-
ment points. Like in most previous studies,” '’ the
measurement of OPA used in the MJ Cohort was crude, not
formally validated against a criterion objective measure, and
captured the general nature of OPA but not the detailed charac-
teristics (e.g., frequency, duration, intensity) that would allow
for more in-depth assessment. Exposure imprecision might
have led to the attenuation of the associations we observed for
both OPA and LTPA. Such imprecision may lead to more
pronounced exposure misclassification in the OPA changes
analyses that consider OPA responses at 2 time points. Esti-
mates were more pronounced in the sensitivity analyses
restricted to individuals >40 years of age, suggesting that the
inclusion of younger participants aged 30—39 years may have
diluted associations in the main analyses. Although we were
able to control for potential confounders other studies in the
field could not consider (e.g., diet, alcohol, work type), we
cannot exclude the possibility of unmeasured confounding,
such as the absence of information on working conditions or
sedentary leisure-time behavior. Differential unmeasured
confounding between areas or countries may also have contrib-
uted to differences in the OPA and LTPA findings between our
study and the recent Danish cohort.'” Although the MJ Cohort
is not representative of the target population'” (like the large
majority of cohort studies), recent empirical work has shown
that the poor cohort representativeness does not materially
influence the associations between physical activity and
mortality.”

6. Conclusion

We found that heavier baseline OPA was beneficially asso-
ciated with non-CVD/non-cancer mortality in a large cohort of
male and female workers in Taiwan, China. Our longitudinal
results did provide some sex-specific support to the associa-
tions of baseline OPA with mortality that we and others™’
have reported. Considering that the literature to date’ '’ has
exclusively relied on such baseline measurement-only designs,
our study provides some partial support to public health guide-
lines that consider physical activity at work to be health
enhancing.' Since OPA trials with mortality endpoints are
infeasible, our study emphasizes the need for more research
investment into population studies designed to Dbetter
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understand how changes in OPA over time modulate mortality
risk. For example, future observational research in this area
will benefit from longitudinal studies with more refined mea-
surements of OPA to capture volume, intensity, frequency,
posture, and nature (e.g., lifting and/or carrying, walking,
handling items while standing) of activities involved in daily
work routines, such as the wearable device-based measure-
ments used in other incidental physical activity research.’’ **
Such granular OPA evidence would allow for the refinement
of public health guidelines' and interventions, which are
currently based on a limited body of methodologically weak
evidence.”
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