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Introduction: The physical activity health paradox refers to the contrasting associations of leisure-
time physical activity and occupational physical activity with cardiovascular disease, but whether
this applies to Type 2 diabetes risk is unknown. This study aimed to investigate the physical activity
health paradox and age-specific Type 2 diabetes.

Methods: Working adults (N=5,866) in Denmark aged 30—60 years enrolled in the Inter99 cohort
at baseline in 1999 were followed in a Diabetes Register. Incidence rates of Type 2 diabetes as a
function of age, sex, and separate and combined levels of self-reported occupational physical activity
and leisure-time physical activity were modeled using Poisson regression, adjusting for relevant
covariates in separate analyses (2024).

Results: Moderate/vigorous leisure-time physical activity was associated with lower risk of Type 2
diabetes than light (rate ratio=0.63, 95% CI=0.46, 0.85). Strenuous occupational physical activity
was associated with a slightly higher risk of Type 2 diabetes than moderate occupational physical
activity, but the association diminished adjusted for covariates (rate ratio=1.12, 95% CI=0.79, 1.58).
Sedentary leisure-time physical activity combined with any level of occupational physical activity
was associated with higher risk of Type 2 diabetes than light leisure-time physical activity/moderate
occupational physical activity combined (e.g., sedentary leisure-time physical activity and demand-
ing occupational physical activity) (rate ratio=1.68, 95% CI=1.14, 2.48). Moderate/vigorous leisure-
time physical activity combined with any level of occupational physical activity was associated with
lower risk of Type 2 diabetes (e.g., moderate/vigorous leisure-time physical activity and moderate
occupational physical activity) (rate ratio=0.6, 95% CI=0.39, 0.92).

Conclusions: Leisure-time physical activity lowered the risk of Type 2 diabetes regardless of the
level of occupational physical activity, whereas no similar beneficial effects were found for occupa-
tional physical activity level. The differential effects of occupational physical activity and leisure-
time physical activity on Type 2 diabetes suggest that the paradox may also exist in Type 2 diabetes.
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INTRODUCTION

T he beneficial effects of leisure-time physical
activity (LTPA) on Type 2 diabetes (T2DM)
risk are well established."? However, the preva-
lence of T2DM has more than doubled globally over the
past decade, making it a major public health burden and
a societal challenge.” The WHO states that physical
activity (PA) contributes to preventing and managing
noncommunicable diseases such as cardiovascular dis-
eases and T2DM." The current WHO PA guidelines do
not distinguish which domains (e.g., work or leisure
time) the recommended PA takes place.’” One study
from 2020 has suggested that many adults mainly accu-
mulate their PA at work,” but the global technological
advancements in many jobs have decreased the amount
of daily occupational PA (OPA).” The reduction in OPA
could be a significant factor in the rise in T2DM inciden-
ces globally. Although initiatives such as WHO’s Every
Move Counts campaign® convey that PA can take place
everywhere, this statement has been questioned. Con-
trasting health effects between work and LTPA in rela-
tion to cardiovascular disease have been shown,”'’
referred to as the PA health paradox.'’

Currently, it appears that only 2 studies —one by Bis-
was et al.'” (2021) and one by Matthews and colleagues'’
(2024)—have studied the PA health paradox and
T2DM. Biswas et al.'” specifically investigated the sepa-
rate and combined effects of OPA and LTPA on T2DM
incidence but found no significant association between
OPA and T2DM incidence. The results indicated that
high LTPA was protective for those with lower levels of
OPA but not for those with high or strenuous OPA."
Conversely, an umbrella review found that high OPA
reduced the risk of C-reactive protein, a marker of
inflammation known as a pathway to T2DM.'* A new
study from Matthews and colleagues'” assessed the inde-
pendent and joint associations of OPA and LTPA with
incident diabetes and found the contrasting effects of
OPA and LTPA, where the combination of high OPA
and low LTPA exhibited the greatest risk of diabetes.
The evidence is inconsistent and scarce, and the mecha-
nisms behind the potential PA health paradox in relation
to T2DM are not fully understood. This is important
because detailed knowledge of potentially opposing
effects of OPA and LTPA should optimally be incorpo-
rated in future PA guidelines as an important contribu-
tion to the global prevention of T2DM. Therefore, in
this study, data from the Inter99 cohort and national
registers were used to investigate whether there were
contrasting health effects of OPA and LTPA by examin-
ing their separate and combined effects on age-specific
incident T2DM. This study hypothesized that high OPA

was associated with an increased risk of incident T2DM,
whereas high LTPA reduced the risk.

METHODS

Study Population

A total of 6,784 Danish adults aged between 30 and
60 years living in 11 municipalities in a Copenhagen
suburb at baseline in 1999—2001 were enrolled in the
population-based inter99 cohort."”

Measures

Information about OPA and LTPA was obtained using
self-reported questionnaires adapted from Saltin and
Grimby'®'"" and previously used in several other
studies.'”'®"” Participants were asked to classify them-
selves into 1 of 4 groups of OPA, Which description most
precisely covers your pattern of PA at work? (1) mainly
sedentary work without any physical exertion (sedentary),
(2) work that to a large extent is carried out standing or
walking but otherwise not physically exerting (moderate),
(3) standing or walking work that involves some lifting or
carrying (demanding), or (4) heavy or fast and physically
exerting work (strenuous). For LTPA, participants were
asked to classify themselves into 1 of 4 groups: Which
description most precisely covers your leisure time PA? (1)
read, watch television, or engage in other sedentary activi-
ties (sedentary); (2) go for a walk, use your bicycle, or per-
form light PA (light); (3) are an active athlete or
performing heavy gardening, housework and so on. for at
least 4 hours per week (moderate), or (4) vigorous train-
ing and participation in competitive sports several times a
week (vigorous). In the analyses, group 3 and 4 were
combined because there were very few participants in
the vigorous (moderate/vigorous) group. To further
understand the effects of specific combinations of OPA
and LTPA on T2DM incidence, a joint PA variable with
the 12 combinations of the 4 OPA and 3 LTPA catego-
ries was derived.

Assessment of T2DM status and date of diagnosis was
based on a recently established Danish Diabetes Register
(DMreg) covering prevalent and incident diabetes from
January 1, 1996, to June 30, 2020. In brief, the DMreg
register consisted of comprehensive data from the
National Patient Register (diagnosis of diabetes (Interna-
tional Classification of Disease, Eight Revision: 249, 250;
ICD-10: E10, E11)),”° the Medicines Products Register
(purchase of any antidiabetic medication [ATC
A10XXX]),”" the National Health Service Registry (use
of podiatry treatment for people with diabetes),”* the
Danish Adult Diabetes Database (diagnosis of diabe-
tes),”> and the Eye Examination Database (Diabase)
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(diabetic eye examinations)** and is described in detail
elsewhere.”

Participants underwent a physical examination,
including waist circumference measured in cm. In addi-
tion, they answered a self-report questionnaire, includ-
ing age, sex,”® alcohol consumption according to the
Danish health authorities (categorized as abstinent,
according to recommendations, above recommenda-
tions, and high consumptions/alcoholic), and smoking
(categorized as no, never smoked; no, but smoked previ-
ously; occasionally; and yes, daily); influence at work
was assessed by a single item: What level of influence do
you normally have on the organization of your daily
work? (1) high influence, (2) some influence, (3) very low
influence, or (4) no influence. Data on participants’ fam-
ily income and education were obtained from the Danish
educational registers through the unique personal identi-
fication number in the Danish civil registration system.
Education at baseline examination was obtained from
the Danish education registers at Statistics Denmark””
and categorized into lower secondary and below, upper
secondary, and tertiary and above. Family income for
the whole Danish population was divided into deciles,
and a participant’s value thus represents their income
level compared with that of the Danish population.
Information on paternal and maternal history of diabe-
tes was obtained from baseline questionnaire at exami-
nation.

Statistical Analysis

Poisson regression analyses were used to estimate inci-
dence rates of T2DM as a function of age and sex, as
well as separate and combined levels of OPA and LTPA.
Individuals began their risk time at the study inclusion
in 1999—2001 and were followed up until the date of
diabetes diagnosis (Type 1 or 2), emigration from Den-
mark, death, or end of follow-up (June 30, 2020). The
presented estimates are incidence rate ratios, reflecting
the incidence of T2DM in a specific group relative to the
selected reference group of OPA, LTPA, and the com-
bined OPA and LTPA variable, respectively. The group
with the largest number of participants was chosen as
reference group. Each of the 3 exposures and age-specific
incidence rate of T2DM was adjusted for relevant covari-
ates in separate models using a complete case approach.
Covariant were selected based on existing literature.”
Models were adjusted for pertinent covariates in 2 sepa-
rate models. Model 1 was adjusted for age, sex, and the
specific PA exposure. Model 2 was additionally adjusted
for education, family income, smoking status, alcohol
consumption, and paternal and maternal history of dia-
betes. For the exposures OPA and combined OPA and
LTPA, further adjustments in Model 2 for self-rated
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work influence were performed. For all models, interac-
tions between sex and the specific PA markers (OPA,
LTPA, and OPA/LTPA combined) were tested, sepa-
rately, as well as age and the specific PA markers, sepa-
rately.

In sensitivity analysis, additional adjustments were
performed for waist circumference at the baseline exami-
nation to examine whether the potential associations
observed in Model 2 were mediated by concurrent adi-
posity (Model 3). All statistical analyses were performed
in 2024 using the R, Version 4.0.2 (The R foundation for
Statistical Computing, Vienna, Austria).”" All descriptive
data are presented as mean (SD) or median (IQR) for
continuous variables and percentages for categorical var-
iables.

The Inter99 baseline examination was approved by
the Regional Scientific Ethics Committee in Denmark
(KA 98 155) and registered with ClinicalTrials.gov
(NCT00289237). The participants had provided written
informed consent before inclusion. Participants could
withdraw from the study at any time. Access to and
usage of the register data were approved by the Danish
data protection authorities under the Capital Region of
Denmark (P-2019-511). The study was conducted
according to the Helsinki Declaration, and all partici-
pants gave written informed content.

RESULTS

Participants from the inter99 cohort diagnosed with
either Type 1 or 2 diabetes in a Danish Diabetes Regis-
ter”” "’ before baseline examination (n=118; 93 with
T2DM and 25 with Type 1 diabetes) were excluded. Fur-
thermore, participants currently not employed (n=575)
and with missing data on OPA and LTPA (n=205) were
excluded. This resulted in a final study population of
5,886.

Table 1 presents background characteristics of the
study population stratified by sex. The total study sample
comprised 5,866 participants almost equally distributed
across sex with a mean age of 45.1 years for women and
46.0 years for men. The mean BMI was 26.2 kg/m?, and
the waist circumference was 79.8 cm and 92.9 cm for
women and men, respectively. The majority of partici-
pants had a basic education (30.2%), had never smoked
(36.3%), were consuming alcohol below the recom-
mended maximum consumption (74.9%), had no pater-
nal (92.1%) or maternal (93.1%) history of diabetes, and
were in the some-influence-on-work category (45.8%).

Descriptive characteristics on PA of the study popula-
tion stratified by sex are listed in the Appendix Table 1
(available online). The study population was followed
for 111,581.9 person years. The median follow-up per
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Table 1. Background Characteristics of the Total Study Population Stratified by Sex®

Characteristic Total Female Male p-value® Missing, n
n 5,886 2,973 2,913
Age baseline (years) 45.6 (7.7) 45.1 (7.7) 46.0 (7.7) <0.001 0
Education <0.001 41
Lower secondary and below 21.6 23.2 20.0
Upper secondary 50.5 46.4 54.7
Tertiary and above 27.9 30.4 25.2
Family income deciles 8 (6—9) 8 (6—9) 8 (6—9) 0.017 268
Smoking 0.002 15
Yes, daily 34.3 33.3 35.3
Occasionally 3.6 3.5 3.6
No, but smoked previously 25.8 24.5 27.2
No, never smoked 36.3 38.7 33.9
Alcohol consumption <0.001 179
Abstinent 9.1 12.7 5.5
According to 74.9 75.4 74.3
recommendations
Above recommendations 12.2 11.1 13.3
High consumptions/ alcoholic 3.9 0.8 6.9
BMI adult (kg/m?) 26.2 (4.5) 25.7 (4.9) 26.8 (4.0) <0.001 —°
Waist circumference (cm) 86.3 (13.1) 79.8 (11.9) 92.9 (10.8) <0.001 10
Paternal history of diabetes 0.520 0
No 92.1 91.9 924
Yes 7.9 8.1 7.6
Maternal history of diabetes 0.032 0
No 93.1 92.4 93.8
Yes 6.9 7.6 6.2
Self-rated work influence <0.001 168
Large influence on work 42.9 374 48.5
Some influence on work 45.8 50.7 40.9
Very little influence on work 9.0 9.9 79
No influence on work 2.3 1.9 2.7

Note: Boldface indicates statistical significance (p<0.05).

?Data are mean (SD) and percentage for categorical variables.

PDifferences between strata were calculated by 1-way ANOVA F-test for continuous variables, Pearson’s chi-square test of independence for categorical
variables with expected counts >4 in all cells, and Fisher’s exact test of independence for categorical variables with expected count in any cell <5.
°To avoid the display of microdata, — is inserted where the whole number or percentage needs to be masked.

person (Quantiles 25 and 75) was 20.4 years (19.6 and
20.8). During follow-up, there were 663 (400 males and
263 females) incident cases of T2DM (5.9 per 1,000 per-
son years).

In separate analyses of OPA, T2DM incidence was
highest among those with strenuous OPA (Table 2,
Model 1, RR=1.4; 95% CI=1.02, 1.93; p<0.05) than
among those with the reference, moderate OPA. The
association attenuated and was no longer statistically sig-
nificant after adjustment for confounders (Model 2) and
in sensitivity analyses (Model 3). None of the other esti-
mates for OPA were statistically significant, but a similar
pattern was seen, indicating a higher risk of incident dia-
betes in those with strenuous and sedentary OPA and a
lower risk for those with moderate or demanding OPA

(Appendix Figure 1, available online). In addition, the
effect of PA on T2DM was found to increase with age.

In separate analyses with LTPA, statistically signifi-
cant and increasing reductions in the risk of diabetes
incidence were seen across categories of increasing
levels of LTPA intensity compared with light LTPA
(Table 3, Model 1) (Appendix Figure 2, available
online). After adjustment for covariates in Model 2,
estimates attenuated but remained statistically signifi-
cant for moderate/vigorous LTPA (RR=0.63; 95%
CI=0.46, 0.85; p<0.05) but not for sedentary. After
additional adjustments for waist circumference
(Model 3), the risk of incident T2DM attenuated
slightly in the moderate/vigorous category and was
no longer statistically significant, whereas sedentary
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Table 2. Type 2 Diabetes Incidence as a Function of OPA and Selected Covariates®

Some influence on work
Very little influence on work
No influence on work
Education
Upper secondary
Lower secondary and below
Tertiary and above
Family income deciles
Smoking
No, never smoked
Yes, daily
Occasionally
No, but smoked previously
Alcohol
According to recommendations
Abstinent
Above recommendations
High consumption
Paternal history of diabetes
No
Yes
Maternal history of diabetes
No
Yes
Waist circumference (cm)

1.04 (0.87, 1.24)
1.32 (1.01, 1.74)*
1.37 (0.85, 2.21)

ref
1.16 (0.95, 1.40)
0.74 (0.60, 0.92)**
0.94 (0.90, 0.98)**

ref
1.19 (0.97, 1.45)
0.70 (0.40, 1.23)
1.16 (0.94, 1.43)

ref
1.80 (1.39, 2.33)***
0.96 (0.75, 1.24)
1.43 (1.00, 2.03)*

ref
2.10(1.67,2.64)***

ref
1.65(1.28, 2.13)***

Measure Model 1° Model 2° Model 3¢ (sensitivity analysis)
n of analysis 5,886 5,273 5,263
Age (per year)® — — —
Sex
Male ref ref ref
Female 0.65 (0.55, 0.76) *** 0.59 (0.49, 0.70) *** 1.19 (0.99, 1.43)
OPA’
Moderate ref ref ref
Sedentary 1.12 (0.94, 1.34) 1.08 (0.90, 1.31) 0.95 (0.78, 1.15)
Demanding 1.08 (0.87, 1.34) 0.93(0.74, 1.18) 0.92(0.73,1.16)
Strenuous 1.40(1.02,1.93)* 1.12 (0.79, 1.58) 1.04 (0.74, 1.47)
Self-rated work influence
Large influence on work ref ref

1.22 (1.02, 1.47)*
1.54 (1.17, 2.03)* *
1.39 (0.86, 2.24)

ref
1.08 (0.89, 1.31)
0.89(0.72,1.10)
0.94 (0.90, 0.98)**

ref
1.40 (1.14,1.72)**
0.70 (0.40, 1.23)
1.13(0.91, 1.40)

ref
1.65 (1.27, 2.15)***
0.95 (0.74, 1.22)
1.40 (0.98, 1.99)

ref
2.08 (1.65, 2.62)***

ref
1.63 (1.26, 2.10)***
1.06 (1.05, 1.06)***

Note: Boldface indicates statistical significance (*p<0.05, **p<0.01, and ***p< 0.001).

®Results are presented as incidence rate ratios with 95% Cls throughout.

PModel 1: adjusted for age and sex.

°Model 2: additionally adjusted for education, family income, smoking status, alcohol consumption, paternal and maternal history of diabetes, and

self-rated work influence.

“Model 3—sensitivity analysis: additionally adjusted for waist circumference.

°Risk estimates are not meaningful because age is specified as second-degree polynomial.

No interactions were found between sex and OPA or between age and OPA.

OPA, occupational physical activity.

LTPA now appeared to reduce the risk of diabetes
incidence (RR=0.77; 95% CI=0.6, 1; p<0.05).

In the combined analysis of LTPA and OPA, the diabe-
tes incidence was highest among those with a combina-
tion of sedentary LTPA and demanding OPA (Table 4,
Model 1) (RR=2.06; 95% ClI=1.43, 2.97; p<0.001) or
strenuous OPA (RR=1.9; 95% CI=1.08, 3.34; p<0.05)

March 2025

than among the reference group with light LTPA and
moderate OPA. In addition, those with sedentary LTPA
and moderate or sedentary OPA had an increased risk of
incident diabetes compared with the reference group
(RR=1.54—1.55). These estimates attenuated but
remained statistically significant after adjustment for con-
founders, except for the category sedentary LTPA
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Table 3. Type 2 Diabetes Incidence as a Function of LTPA and Selected Covariates®

Lower secondary and below
Tertiary and above
Family income deciles
Smoking
No, never smoked
Yes, daily
Occasionally
No, but smoked previously
Alcohol
According to recommendations
Abstinent
Above recommendations
High consumption
Paternal history of diabetes
No
Yes
Maternal history of diabetes
No
Yes
Waist circumference (cm)

1.15 (0.95, 1.40)
0.73 (0.59, 0.90)**
0.95 (0.91, 0.98)* *

ref
1.15 (0.94, 1.40)
0.70 (0.40, 1.23)
1.13(0.91, 1.39)

ref
1.64 (1.28,2.12)***
0.94 (0.73, 1.20)
1.31(0.92, 1.85)

ref
2.11(1.69, 2.64)***

ref
1.63 (1.26, 2.09)***

Measure Model 1° Model 2° Model 3¢ (sensitivity analysis)
n of analysis 5,886 5,410 5,400
Age (per year)® — — —
LTPA'
Light ref ref ref
Sedentary 1.28 (1.02, 1.61)* 1.22 (0.96, 1.55) 0.77 (0.60, 1.00)*
Moderate/vigorous 0.62 (0.46, 0.82)** 0.63 (0.46, 0.85)** 0.75(0.55, 1.01)
Sex
Male ref ref ref
Female 0.52 (0.43, 0.64)*** 0.49 (0.39, 0.61)*** 0.96 (0.76, 1.20)
Education
Upper secondary ref ref

1.08 (0.89, 1.32)
0.86 (0.70, 1.06)
0.94 (0.90, 0.97)***

ref
1.40 (1.14,1.71)**
0.69 (0.39, 1.21)
1.09 (0.88, 1.35)

ref
1.59 (1.23, 2.06)***
0.95 (0.74, 1.22)
1.28(0.91, 1.82)

ref
2.12 (1.69, 2.66)***

ref
1.59 (1.24, 2.05)***
1.06 (1.05, 1.06)***

Note: Boldface indicates statistical significance (*p<0.05, **p<0.01, and ***p<0.001).

®Results are presented as incidence rate ratios with 95% Cls throughout.

PModel 1: adjusted for age and sex.

°Model 2: additionally adjusted for education, family income, smoking status, alcohol consumption, and paternal and maternal history of diabetes.

“Model 3—sensitivity analysis: additionally adjusted for waist circumference.

°Risk estimates are not meaningful because age is specified as second-degree polynomial.
fAn interaction was found between sex and LTPA but not between age and LTPA.

LTPA, leisure-time physical activity.

combined with strenuous OPA, which was no longer sta-
tistically significant (Model 2). In the sensitivity analysis
(Model 3), all the estimates attenuated further, with CIs
overlapping zero. The estimate for the combined category
sedentary LTPA and sedentary OPA shifted direction and
was now associated with a decreased risk of incident
T2DM, although not statistically significant. Estimates
for moderate/vigorous LTPA in combination with
any OPA level showed a reduced risk of incident dia-
betes compared with the reference group, and only
the estimates for moderate/vigorous LTPA in combi-
nation with moderate OPA were statistically signifi-
cant. However, after adjustment for waist

circumference in sensitivity analyses (Table 4, Model
3), this estimate was no longer statistically significant.
A similar pattern was found in men and women, and
only the absolute diabetes incidence was substantially
higher in men (Appendix Figure 3, available online).

There was a significant interaction between LTPA and
sex but not between LTPA and age. For OPA as well as
the combined OPA and LTPA, no interactions with age
and sex, respectively, were found. Thus, a simpler model
without interactions was chosen for OPA and the com-
bined OPA and LTPA model, and for LTPA, a model
with interactions between LTPA and sex but not age was
chosen.
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Table 4. Type 2 Diabetes as a Function of OPA and LTPA Combined and Selected Covariates®

551

Very little influence on work
No influence on work
Education
Lower secondary and below
Upper secondary
Tertiary and above
Family income deciles
Smoking
Yes, daily
Occasionally
No, but smoked previously
No, never smoked
Alcohol
Abstinent
According to recommendations
Above recommendations
High consumption
Paternal history of diabetes
No
Yes
Maternal history of diabetes
No
Yes
Waist circumference (cm)

1.28 (0.97, 1.69)
1.31(0.82, 2.11)

Ref.
0.88(0.72,1.07)
0.66 (0.51, 0.84)***
0.95 (0.91, 0.98)**

ref
0.61 (0.35, 1.07)
1.02 (0.84, 1.26)
0.88 (0.72, 1.07)

ref
0.59 (0.45, 0.76)***
0.55 (0.40, 0.77)***
0.81(0.53,1.23)

ref

2.08 (1.66, 2.62)***

ref

1.65 (1.28, 2.13)***

Measure Model 1° Model 2° Model 3¢ (sensitivity analysis)
n of analysis 5,886 5,273 5,263
Age (per year)® — — —
Sex
Male ref ref ref
Female 0.64 (0.54, 0.75)*** 0.58 (0.49, 0.69)*** 1.17 (0.97, 1.41)
Occupational and leisure-time physical activity combined’
Light LTPA and moderate OPA ref ref ref
Sedentary LTPA and Sedentary OPA 1.55(1.19, 2.03)** 1.39(1.03, 1.86)* 0.78 (0.57,1.08)
Sedentary LTPA and moderate OPA 1.54 (1.17,2.02)** 1.45(1.09, 1.95)* 1.16 (0.87, 1.57)
Sedentary LTPA and demanding OPA 2.06 (1.43,2.97)*** 1.68 (1.14, 2.48)** 1.18 (0.79, 1.75)
Sedentary LTPA and strenuous OPA 1.90 (1.08, 3.34)* 1.52 (0.84, 2.77) 1.31(0.72, 2.39)
Light LTPA and sedentary OPA 1.07 (0.85, 1.34) 1.06 (0.83, 1.35) 1.10 (0.86, 1.4)
Light LTPA and demanding OPA 0.96 (0.72,1.28) 0.85 (0.62, 1.15) 0.83(0.61,1.12)
Light LTPA and strenuous OPA 1.48 (0.96, 2.29) 1.17 (0.73, 1.88) 1.00 (0.62, 1.62)
Moderate/vigorous LTPA and sedentary OPA 0.73 (0.46, 1.14) 0.72(0.43,1.19) 0.83 (0.50, 1.38)
Moderate/vigorous LTPA and moderate OPA 0.58 (0.39, 0.86)**  0.60 (0.39, 0.92)* 0.78 (0.50, 1.20)
Moderate/vigorous LTPA and demanding OPA 0.80 (0.50, 1.27) 0.73(0.45, 1.19) 0.94 (0.58, 1.52)
Moderate/vigorous LTPA and strenuous OPA 0.93(0.46, 1.90) 0.84 (0.41, 1.73) 0.89 (0.44, 1.83)
Self-rated work influence
Large influence on work ref ref
Some influence on work 1.04 (0.87, 1.24) 1.20(1.00, 1.44)*

1.50 (1.14, 1.98)**
1.39 (0.86, 2.24)

ref
0.93(0.76, 1.13)
0.83 (0.65, 1.06)
0.94 (0.91, 0.98)**

ref
0.48 (0.28, 0.85)*
0.82 (0.66, 1.00)
0.73 (0.60, 0.90)**

ref
0.61 (0.47, 0.80)***
0.58 (0.41, 0.82)**
0.87 (0.57, 1.33)

ref
2.04 (1.62, 2.57)***

ref
1.61(1.24,2.08)***
1.06 (1.05, 1.06)***

Note: Boldface indicates statistical significance (*p<0.05, **p<0.01, and ***p< 0.001).

®Results are presented as incidence rate ratios with 95% Cls throughout.
®Model 1: adjusted for age and sex.

°Model 2: additionally adjusted for education, family income, smoking status, alcohol consumption, paternal and maternal history of diabetes, and

for self-rated work influence.
9Model 3—sensitivity analysis: additionally adjusted for waist circumference.

°Risk estimates are not meaningful because age is specified as second-degree polynomial.
No interactions were found between sex and the combined occupational and LTPA (combined OPA and LTPA) or between age and the combined OPA

and LTPA.
LTPA, leisure-time physical activity; OPA, occupational physical activity.
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DISCUSSION

In this prospective Danish population-based cohort with
almost 2 decades of follow-up time, the results showed
that strenuous occupational work could be associated
with incident T2DM but not significantly. Conversely,
PA during leisure time with moderate/vigorous intensity
was associated with a significantly lower risk of T2DM
incidence. The results further showed that sedentary lei-
sure time combined with a job that requires any kind of
physical occupation was significantly associated with an
increased risk of T2DM. Similarly, moderate/vigorous-
intensity PA during leisure time combined with any level
of occupational PA was protective for incident T2DM.

When studying OPA as a single domain, there was a
tendency toward a higher risk of T2DM among those
with strenuous OPA compared with those with moder-
ate OPA, although not statistically significant after
adjustment for relevant covariates. This has also been
shown in other studies.'”*> *° Nevertheless, OPA up to
a certain level may have a beneficial impact on cardio-
metabolic health. The fact that strenuous OPA was
found to increase the risk of incident diabetes supports
the hypothesis that although workers engage in strenu-
ous PA at work, this does not improve their cardiometa-
bolic health,”” a well-known independent predictor for
several noncommunicable diseases, for example, diabe-
tes and premature mortality.”® In addition, workers who
are engaged in strenuous PA for a full day of work might
suffer from resulting fatigue causing exhaustion after
work hours and potentially making them more physi-
cally inactive during leisure.”” Lack of PA after work
hours is important because the results showed that PA
with moderate/vigorous intensity during leisure time
could significantly reduce T2DM incidence across all
levels of OPA and after adjusting for potential con-
founders. Multiple studies support this and highlight the
benefits of high PA during leisure.”” The finding in the
sensitivity analysis showed that sedentary behavior dur-
ing work and leisure time became protective for incident
T2DM after adjusting for waist circumference (Model 3)
but only significant for leisure time sedentary behavior
(Table 3). This is likely explained by the effect of seden-
tary behavior on incident diabetes being mediated
through abdominal obesity. This interpretation is sup-
ported by previous findings on the effect of sedentary
behavior on body weight and body composition.”>*’

Sedentary behavior during leisure time combined with
any kind of PA level during occupation was associated
with a significantly higher risk of T2DM than the refer-
ence light LTPA combined with moderate OPA. This
finding was statistically significant in both unadjusted
and adjusted models.

Complementary to these findings, moderate/vigorous
LTPA in combination with any level of OPA was associ-
ated with lower risk of T2DM, although estimates only
reached statistical significance when moderate/vigorous
LTPA was combined with moderate OPA. Altogether,
these findings highlight the importance of being physi-
cally active during leisure time regardless of the level of
PA at work. The results support the findings from Bis-
was et al.'? (2021) and Matthews and colleagues13
(2024), where high LTPA in combination with low OPA
was found to have a protective effect on T2DM; how-
ever, the results were only statistically significant in Mat-
thews et al.'””~'* It is worth noting that there are
differences in the measurement of OPA that makes it
difficult to compare results directly. Biswas and col-
leagues'” used occupational titles on a 5-point scale,
whereas Matthews et al."” used a dichotomous variable
based on a 5-item self-report questionnaire, and this
study used self-reported OPA categorized into 4 groups.
The fact that Matthews and colleagues'” used a dichoto-
mized OPA variable may explain the stronger associa-
tions between OPA and T2DM found in their study.

Similar to this study, Matthews et al.'” found an indi-
cation of a suggested differing effect of OPA and LTPA
on risk of T2DM and thus evidence of the existence of
the PA health paradox in relation to T2DM incidence. It
is also important to note that when comparing the
results of these 3 studies, this study employed light
LTPA and moderate OPA as reference groups, whereas
the 2 previous studies used the lowest categories of
LTPA and OPA as reference groups. The paradox has
been shown to apply to other noncommunicable dis-
eases and to all-cause mortality.”'®*' However, more
evidence, including adjustments for confounders, is
needed to further verify these findings.

It is noteworthy that the WHO recommendations on
PA do not distinguish between work and leisure time,
hence sending a potentially misleading message that
daily PA accrued during work hours is sufficient to com-
ply with current activity guidelines. However, the find-
ings along with those of others” '"'®'**! underscore
that leisure time, not occupational moderate/vigorous
PA, seems to reduce the risk of incident T2DM, other
noncommunicable diseases, and all-cause mortality.

In the sensitivity analysis, no significant results were
observed. However, there was an indication of a protective
effect of sedentary OPA and LTPA when waist circumfer-
ence was included as a covariate in sensitivity analyses.

Limitations

Strengths of this study include the large population-
based cohort of adults with nearly 20 years register-
based follow-up of incident diabetes. However, this
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study only accounted for the participants’ PA levels dur-
ing work and leisure time and not whether the person
lives a healthy life concerning food consumption. In
addition, it should be considered whether strenuous and
demanding OPA is mediated through SES because it is
often associated with a low SES. In general, a better
understanding of confounders and covariates, including
SES, health behaviors, and environmental influences, is
needed to fully investigate and understand this paradox,
and this study cannot exclude the possibility of residual
confounding. Likewise, the potential underlying mecha-
nisms behind a possible deleterious effect of strenuous
and demanding OPA on T2DM are not fully understood
and need further exploration. It has previously been sug-
gested that a potential mechanism may involve low-
grade inflammation, for example, C-reactive protein."*

This study based the exposures of OPA and LTPA on
self-reported surveys collected in 1999—2001, while it
was not possible to detect whether the participants had
the same job conditions throughout the follow-up
period. Self-reported questionnaires have well-known
limitations, and this questionnaire is rather crude and
may not be exhaustive for respondents to fill in. How-
ever, the Saltin and Grimby questionnaires have been
found valid and extensively used in several population-
based studies.'® The accuracy of measuring PA could in
future studies be supported with device-based measure-
ments from accelerometers.

CONCLUSIONS

In this study, a contrasting effect of OPA and LTPA on
the risk of T2DM was found. Whereas LTPA had a
marked protective effect on the incidence of T2DM
regardless of the level of OPA, no similar beneficial
effects were found for OPA level. These findings suggest
that the PA health paradox may apply in relation to
T2DM incidence. However, more studies are needed to
confirm this finding for accumulation of sufficient evi-
dence to inform future recommendations on PA.
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