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Association of Occupational and Leisure-Time
Physical Activity With Allostatic Load

Tong Xia, MPH," Jian Li, MD, PhD,“*? Liwei Chen, MD, PhD"*

Introduction: Leisure-time physical activity decreases allostatic load, a measure of burden of
chronic stress. However, the role of occupational physical activity is unknown. This study examined
associations of occupational physical activity and leisure-time physical activity with allostatic load
among workers in the U.S.

Methods: This cross-sectional study included 6,944 U.S. workers aged 20—64 years from the
National Health and Nutrition Examination Survey (2007—2018). Physical activity was assessed
using the Global Physical Activity Questionnaire. Allostatic load was calculated using biomarkers
of cardiovascular, metabolic, and immune systems. Associations of occupational physical activity
and leisure-time physical activity with allostatic load were examined using negative binomial regres-
sions. Analyses were conducted between August 2022 and March 2023.

Results: Vigorous leisure-time physical activity inversely associated with allostatic load among all
workers (count ratio=0.68, 95% CI=0.62, 0.76) and in each sex- and age-stratified group as well as
in each race/ethnicity-stratified group. Vigorous occupational physical activity positively associated
with allostatic load only among females aged 20—44 years (1.38, 95% CI=1.10, 1.73). Inverse associ-
ations of vigorous leisure-time physical activity with allostatic load were similar in young females
with high or low vigorous occupational physical activity.

Conclusions: Increasing vigorous leisure-time physical activity associates with a lower allostatic load
for all workers, whereas increasing vigorous occupational physical activity associates with a higher
allostatic load only in young females. Promoting vigorous leisure-time physical activity reduces allo-
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static load among young females with either low or high vigorous occupational physical activity.
Am ] Prev Med 2024;67(3):328—338. © 2024 Elsevier Inc. All rights reserved.

INTRODUCTION

llostatic load (AL) is a measure of the burden of

stress.”” Long-term exposure to stressors acti-

vates the hypothalamic—pituitary—adrenal axis
and the sympathetic—adrenal—medullary system, resulting
in dysregulation in metabolic, cardiovascular, and immune
systems.”” Evidence has shown that higher AL associates
with unfavorable health outcomes, such as mental health
problems,3 higher cardiovascular disease (CVD) risk,” and
even mortality.”” These findings point to the importance
of understanding modifiable determinants of AL.

It is well known that leisure-time physical activity
(LTPA) is an important factor for lowering CVD risk.’
However, the relationships between occupational physi-
cal activity (OPA) and CVD remain unclear. Whereas
some studies reported OPA to be inversely associated
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with cardiometabolic risk factors (e.g., hypertension,
high BMI, dyslipidemia)’~” and CVD'*"" or to have no
association with Type 2 diabetes,'” more studies found
that higher OPA was related to worse cardiovascular
health (e.g., blood pressure [BP], C-reactive protein
[CRP], CVD).>""""” Thus, some researchers propose
that OPA may have health effects opposite to those of
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LTPA, that is, the physical activity (PA) paradox.
However, the debate is continuing regarding whether
the inconsistent findings are due to different measure-
ments of OPA or insufficient controlling for confound-
ers (e.g., smoking and SES).””'»*°

Previous studies in the U.S. also suggested that total
PA”"** and LTPA™>** were inversely associated with AL.
Research found that undesired job characteristics, such as
effort—reward imbalance and job strain, were associated
with higher AL.”>*° However, studies examining the associ-
ations between direct measures of OPA and AL are lacking.
This study aimed to examine whether there was PA paradox
on AL using time on OPA and LTPA, controlling for suffi-
cient confounders among a nationally representative sample
of U.S. workers. Interactive associations of OPA and LTPA
with AL were also examined to implicate whether high
LTPA should be recommended among workers with high
OPA. Because both OPA and LTPA levels vary by age, sex,
and race/ethnicity,27_31 and stress response also differs
across these demographic factors,” > this study further
examined the associations mentioned earlier stratified by
sex, age, and race subgroups. This study aimed to identify
which groups may experience more health benefits or be
more vulnerable to adverse effects of PA to enhance effec-
tiveness of public health initiatives.

METHODS

Study Population

Study participants were from a cross-sectional nationally
representative survey: the National Health and Nutrition
Examination Survey (NHANES) 2007—2018.% This study
included participants who were employed (i.e., working at
a job or business) and had fasting subsample data
(n=9,040) because triglycerides (TGs) (a biomarker used
to calculate AL) was only measured in the fasting subsam-
ple. The study excluded participants aged <20 or
>64 years (n=1,187), those who were pregnant (n=91),
those having missing data on OPA or LTPA (n=22), or
those on biomarkers for AL (n=796). Finally, 6,944 partic-
ipants were included in this analysis (Appendix Figure 1,
available online). The National Center for Health Statistics
Ethics Review Board approved the NHANES study proto-
col. All participants gave written informed consent.”” This
manuscript followed the STROBE guidelines.

Measures

Starting in 2007, PA was assessed through the Global
Physical Activity Questionnaire (GPAQ).” Participants
reported the frequency and duration of moderate and
vigorous work activities (e.g., paid or unpaid work) and
leisure-time activities (e.g., sports and recreational activi-
ties) in a week.
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AL scores were calculated on the basis of 9 biomarkers
of cardiovascular health (i.e., systolic BP and diastolic
BP, total cholesterol, TG), metabolic function (ie.,
HbAlc, albumin, creatinine, BMI), and immune
response (i.e., white blood cell [WBC]).”*" WBC
instead of CRP was used, a widely accepted approach in
the field,"""* because CRP was only measured in
NHANES 2007—2010, and high-sensitivity CRP was
only measured in NHANES 2015—2018. However, this
study assessed Spearman rank correlation between AL
calculated by WBC and high-sensitivity CRP in a sub-
sample (i.e., NHANES 2015—2018) and found that they
had high correlation (r=0.99). Each biomarker was clas-
sified as high or low risk using clinical cut off points
(Appendix Table 1, available online).”*** An individual
received a score of 1 if biomarker levels were at the high-
risk level and 0 otherwise. AL score was calculated by
taking the sum of all 9 biomarker scores, ranging from 0
to 9 and higher score meaning higher AL.

The sociodemographic information (i.e., age, sex,
race/ethnicity, education, marital status, annual house-
hold income, and citizenship), behaviors (i.e., cigarettes
smoking, alcohol drinking, dietary energy intake, sleep,
and transportation PA), and working hours were col-
lected from interviews.’® Pre-existing cardiometabolic
disease (i.e., CVD, Type 2 diabetes, hypertension, dysli-
pidemia, and obesity) were collected from interviews,
examinations, and laboratory data.

Statistical Analysis

Sampling weights were applied on the basis of NHANES
guides,”” so results can be generalizable to U.S. workers.
This study used SAS (Version 9.4) and R 4.2.1 and con-
sidered the statistically significant level as a 2-sided alpha
level <0.05.

For the primary analysis, this study used duration of
PA (minutes/week) and treated OPA and LTPA as
binary variables, separating by moderate and vigorous
levels (i.e., moderate-intensity PA: high [PA>150
minutes/week] versus low [PA<150 minutes/week]; vig-
orous-intensity PA: high [PA>75 minutes/week] versus
low [PA<75 minutes/week]) on the basis of 2018 Physi-
cal Activity Guidelines.”"***” Associations of OPA and
LTPA with count of AL were examined using negative
binomial regression models. Crude and adjusted associa-
tions controlling for age, sex, race/ethnicity, education,
marital status, income, citizenship, working hours, ciga-
rette smoking, alcohol use, energy intake, sleep, and
transportation PA were estimated. In adjusted models,
OPA and LTPA were mutually adjusted. The analyses
described earlier were performed overall as well as by
age and sex (females aged 20—44 years, females aged 45
—64 years, males aged 20—44 years, and males aged 45
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—64 years) and in racial/ethnic groups (Whites, Blacks,
and Hispanics). The missing values of each covariate
were <6.5%; thus, completed data analyses were applied.

In sensitivity analysis, this study first assessed OPA
and LTPA as energy costs and treated those as binary
variables (moderate-intensity PA: high [PA>500 meta-
bolic equivalent-minutes/week] versus low [PA<500
metabolic equivalent-minutes/week]; vigorous-intensity
PA [PA>500 metabolic equivalent-minutes/week] ver-
sus low [PA<500 metabolic equivalent-minutes/
week]).*® Second, this study calculated the count of AL
from age- and sex-based distribution classified bio-
markers (i.e., high-risk: either >75th percentile for all
biomarkers except serum albumin or <25th percentile
for serum albumin by age and sex) as the outcome.®
Third, pre-existing cardiometabolic diseases were addi-
tionally controlled for. Fourth, missing values of covari-
ates were treated as a separate category in adjusted
models.

RESULTS

Among 6,944 workers, 37.2% had high levels of moder-
ate-intensity OPA, 24.0% had high levels of vigorous-
intensity OPA, 21.0% had high levels of moderate-inten-
sity LTPA, and 27.0% had high levels of vigorous-inten-
sity LTPA. Workers having high moderate OPA or high
vigorous OPA were more likely to be younger (61.1% vs
55.4% for moderate OPA and 63.6% vs 55.6% for vigor-
ous OPA) and Whites (68.1% vs 63.0% for moderate
OPA and 67.5% vs 64.1% for vigorous OPA) but less
likely to be females (36.0% vs 50.4% for moderate OPA
and 25.1% vs 51.3% for vigorous OPA) than workers
having counterpart low OPA. Workers having high
moderate LTPA were more likely to work 1—34 hours
per week (24.1% vs 20.9%) than workers having low
moderate LTPA. Workers having high vigorous LTPA
were more likely to be younger (69.0% vs 53.3%) and
less likely to be females (38.0% vs 47.6%) and Hispanics
(14.0% vs 16.6%) than workers having low vigorous
LTPA (Table 1).

The AL count ranged from 0 to 7. Almost half of par-
ticipants (43.3%) had an AL score of 0, followed by AL
score of 1 (30.4%) and 2 (16.2%), and only 10.1% of
workers had AL score >3 (Figure 1).

In unadjusted models, moderate LTPA was not asso-
ciated with AL (Table 2). Vigorous LTPA inversely asso-
ciated with AL in overall participants and stratified age
and sex groups. After adjusting for confounders, moder-
ate LTPA was not associated with AL. Vigorous LTPA
still inversely associated with AL in overall participants
(count ratio=0.68, 95% CI=0.62, 0.76) and each stratified
age and sex group. In unadjusted models, moderate

OPA was not associated with AL. Vigorous OPA posi-
tively associated with AL but only in females aged 20
—44 vyears. After adjusting for confounders, moderate
OPA was not associated with AL either. Vigorous OPA
remained positively associated with AL in females aged
20—44 years (1.38, 95% CI=1.10, 1.73) (Table 2). In sen-
sitivity analysis, results remained unchanged after using
energy cost for LTPA and OPA (Appendix Table 2,
available online), using AL calculated by age- and sex-
based distribution classified biomarkers (Appendix
Table 3, available online), further controlling for pre-
existing cardiometabolic disease (Appendix Table 4,
available online), or creating a category for missing cova-
riates (Appendix Table 5, available online).

In overall participants stratified by race/ethnicity,
moderate LTPA was not associated with AL. There were
similar inverse associations of vigorous LTPA with AL
in Whites, Blacks, and Hispanics. None of moderate or
vigorous OPA was associated with AL. Results were
unchanged when examining the associations stratified
by race in age and sex subgroups (Appendix Table 6,
available online).

Because OPA was only associated with AL among
females aged 20—44 years, we assessed the interaction of
OPA and LTPA on AL in this group. Having high vigor-
ous LTPA was associated with lower AL in workers with
either high (0.64, 95% CI=0.49, 0.84) or low (0.66, 95%
CI=0.58, 0.75) vigorous OPA (Figure 2). The test for
interaction using Wald chi-square test was not signifi-
cant (p for interaction=0.29).

DISCUSSION

In the nationally representative sample of U.S. workers,
vigorous LTPA instead of moderate LTPA was inversely
associated with AL in all age and sex groups as well as in
Whites, Blacks, and Hispanics. More importantly, this
study is the first to find positive associations of vigorous
OPA with AL in young females after controlling for
major confounders. There was no significant association
of moderate OPA with AL. These findings support the
PA paradox and suggest that varying intensity of OPA
and LTPA may have different relationships with AL. In
addition, sex and age may play a role in associations of
vigorous OPA with AL. To reduce AL, interventions are
essential to encourage vigorous LTPA among all workers
and reduce vigorous OPA, especially among young
female workers. Furthermore, benefits of LTPA on AL
were found in young females with either high or low vig-
orous OPA.

Results of this study for LTPA and AL were in line
with those of 2 studies in the U.S.,”»** but this study
added new evidence on the effect of LTPA intensity on
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Table 1. Characteristics of Participants by OPA and LTPA Groups

Moderate OPA Vigorous OPA Moderate LTPA Vigorous LTPA
High Low High Low High Low High Low
(37.2%, (62.8%, (24.0%, (76.0%, (21.0%, (79.0%, (27.0%, (73.0%,

Characteristics n=2,475) n=4,469) p-values n=1,639) n=5,305) p-values n=1,360) n=5,584) p-values n=1,706) n=5,238) p-values

Age, % (n) 0.002 0.001 0.51 <0.001
20—44 years 61.1(1,520) 55.4(2,419) 63.6 (1,031) 55.6(2,908) 58.5 (802) 57.3(3,137) 69.0(1,201) 53.3(2,738)

45—64 years 38.9 (955) 44.6 (2,050) 36.4 (608) 44.4 (2,397) 41.5 (558) 42.7 (2,447) 31.0 (505) 46.7 (2,500)

Female, % (n) 36.0 (923) 50.4 (2,260) <0.001 25.1(424) 51.3(2,759) <0.001 44.3(600) 45.2 (2,583) 0.64 38.0 (628) 47.6 (2,555) <0.001

Race/ethnicity, % (n) <0.001 <0.001 0.08 0.04
Non-Hispanic White 68.1(1,077) 63.0(1,525) 67.5 (711) 64.1(1,891) 67.9 (560) 64.1(2,042) 65.2 (652) 64.8 (1,950)
Non-Hispanic Black 9.9 (468) 11.4 (924) 9.8 (305) 11.2 (1,087) 10.6 (275) 10.9 (1,117) 11.8 (371) 10.5 (1,021)

Hispanic 16.6 (721) 15.5 (1,270) 18.8 (520) 15.0 (1,471) 13.5(334) 16.5 (1,657) 14.0 (411) 16.6 (1,580)
Other including multiracial 5.4 (209) 10.1 (750) 3.9 (103) 7 (856) 8.1(191) 4 (768) 9.0 (272) 1(687)

Education, % (n) <0.001 <0.001 <0.001 <0.001
High school or less 41.6 (1,164) 29.0(1,640) 49.4 (881) 28.7 (1,923) 25.7 (425) 35.8 (2,379) 20.2 (448) 38.7 (2,356)

Some college or associates 36.7 (871) 29.5 (1,287) 34.2 (540) 31.6 (1,618) 33.3 (455) 31.9(1,703) 31.0 (560) 32.7 (1,598)
Co(ljlgggegraduate or above 21.7 (439) 41.5 (1,540) 16.4 (217) 39.7 (1,762) 40.9 (480) 32.3(1,499) 48.8 (697) 28.7 (1,282)

Marital Status, % (n) 0.04 0.70 0.38 <0.001
Married/living with partner 63.3(1,551) 67.1(2,838) 64.9 (1,046) 65.9 (3,343) 64.6 (837) 66.0 (3,552) 62.7 (999) 66.8 (3,390)
Widowed/divorced/separated 12.8 (342) 12.7 (666) 13.6 (235) 12.5(773) 12.1(175) 12.9 (833) 9.1 (185) 14.1 (823)

Never married 23.9 (581) 20.2 (964) 21.6 (357) 21.6(1,188) 23.4 (348) 21.1 (1,197) 28.2 (522) 19.1 (1,023)

Annual household income, % (n) <0.001 <0.001 <0.001 <0.001
<$20,000 10.1 (345) 2 (509) 12.3 (279) 8 (575) 8.6 (152) 0(702) 6.4 (152) 8(702)
$20,000—%$44,999 25.7 (734) 20.5(1,083) 27.6 (503) 20.8 (1,314) 18.0 (289) 23.6 (1,528) 18.5 (364) 23.9(1,453)
$45,000—%$74,999 26.2 (571) 21.3 (845) 27.7 (362) 21.7 (1,054) 21.1 (254) 23.6(1,162) 19.8 (331) 24.3 (1,085)
>$75,000 37.9 (648) 50.1(1,620) 32.5(368) 49.7 (1,900) 52.3 (542) 43.8 (1,726) 55.2 (715) 42.0 (1,553)

Citizen of U.S., % (n) 91.0(2,079) 88.9(3,631) 0.01 88.9(1,335) 90.0 (4,375) 0.19 92.3(1,185) 89.0(4,525) <0.001 90.8(1,457) 89.3(4,253) 0.14

Working hours, % (n) 0.01 <0.001 0.01 0.03
1—34 hours/week 22.0 (568) 21.3 (997) 18.7 (346) 22.4 (1,219) 24.1 (334) 20.9 (1,231) 20.2 (387) 22.0(1,178)

35—40 hours/week 35.8 (936) 38.8 (1,882) 35.1 (607) 38.5(2,211) 37.9 (541) 37.6 (2,277) 35.8 (650) 38.4 (2,168)
41—48 hours/week 13.6 (333) 15.2 (565) 15.3 (234) 14.4 (664) 11.0 (159) 15.6 (739) 16.8 (243) 13.8 (655)
49—54 hours/week 11.3 (229) 11.5(438) 11.4 (159) 11.4 (508) 11.4 (132) 11.4 (535) 13.3 (195) 10.7 (472)
>55 hours/week 17.4 (409) 13.2 (587) 19.6 (293) 13.3 (703) 15.6 (194) 14.6 (802) 14.0 (231) 15.1 (765)

Smoking, % (n) <0.001 <0.001 0.04 <0.001
Never 49.9 (1,269) 63.7 (2,847) 48.0 (781) 61.9 (3,335) 57.4 (810) 58.9 (3,306) 66.9 (1,137) 55.5(2,979)

Former 24.8 (544) 20.7 (838) 22.3(341) 22.2(1,041) 25.2 (288) 21.4 (1,094) 20.5 (320) 22.8(1062)
Current 25.3 (659) 15.6 (780) 29.7 (516) 15.9 (923) 17.3 (261) 19.7 (1,178) 12.6 (247) 21.6(1,192)

(continued on next page)
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Table 1. Characteristics of Participants by OPA and LTPA Groups (continued)
Moderate OPA Vigorous OPA Moderate LTPA Vigorous LTPA
High Low High Low High Low High Low
(37.2%, (62.8%, (24.0%, (76.0%, (21.0%, (79.0%, (27.0%, (73.0%,
Characteristics n=2,475) n=4,469) p-values n=1,639) n=5,305) p-values n=1,360) n=5,584) p-values n=1,706) n=5,238) p-values
Alcohol drinking, % (n) 0.001 0.15 0.03 <0.001
Never 6.4 (198) 9.2 (470) 7.0 (109) 8.6 (559) 7.2 (113) 8.4 (555) 6.4 (121) 8.8 (547)
Former 12.1(296) 9.7 (476) 12.1(193) 10.1 (579) 8.2 (131) 11.2 (641) 7.1(131) 11.9 (641)
Current 81.5(1,839) 81.1(3,164) 80.9(1,249) 81.4(3,754) 84.5(1,023) 80.4(3,980) 86.5(1,337) 79.3(3,666)
Energy intake, % (n) <0.001 <0.001 0.47 0.12
Quartile 1 19.3 (494) 24.3(1,163) 16.5 (272) 24.3(1,385) 24.5 (337) 21.9 (1,320) 20.1 (357) 23.3(1,300)
Quartile 2 22.9 (561) 26.1(1,095) 20.5(348) 26.3(1,308) 24.9 (318) 24.9 (1,338) 25.8 (426) 24.6 (1,230)
Quartile 3 25.2 (590) 26.3 (1,068) 24.3 (376) 26.4 (1,282) 25.0 (316) 26.1(1,342) 27.8 (426) 25.2 (1,232)
Quartile 4 32.6 (740) 23.3(917) 38.7 (590) 23.0(1,067) 25.7 (323) 27.1(1,334) 26.4 (426) 27.0(1,231)
Sleep, % (n) <0.001 <0.001 0.29 <0.001
Short (<7 hours) 37.6(1,009) 31.1(1,592) 40.3 (691) 31.3(1,910) 31.4 (479) 34.0(2,122) 28.7 (578) 35.2(2,023)
Adequate (7—9 hours) 59.7 (1,401) 66.3(2,751) 57.7 (909) 65.8 (3,243) 66.1 (847) 63.3 (3,305) 69.3(1,090) 61.9(3,062)
Long (> 9 hours) 7 (59) 6 (123) 1.9 (34) 9 (148) 2.6 (33) 7 (149) 0(37) 9 (145)
High time on transportation PA, % 15.1 (604) 11.9 (429) 0.005 16.1(306) 12.1(727) 0.01 14.8 (247) 12.6 (786) 0.03 15.7 (308) 12.1 (725) 0.001
(n)
With cardiometabolic diseases, % 75.2(1,888) 75.1(3,442) 0.94 76.3(1,263) 74.8(4,067) 0.39 74.0 (1,019) 75.5(4,311) 0.42 63.7 (1,126) 79.4 (4,204) <0.001

(n)

Note: Data are presented as weighted % (actual frequency,

chi-square tests for categorical variables.
LTPA, leisure-time physical activity; OPA, occupational physical activity; PA, physical activity.

n) for categorical variables. According to PA guidelines, high moderate PA (moderate PA>150 minutes/week) and low moderate PA (O<moder-
ate PA<150 minutes/week) and high vigorous PA (vigorous PA>75 minutes/week) and low vigorous PA (O<vigorous PA<75 minutes/week) were used. P-values were compared between groups using

[4:33

8€€—8C¢(€)L9FT0T PIN A24d [ WY / v 12 v1X



Xia et al/ Am ] Prev Med 2024;67(3):328—338

50.00% -

45.00% 1 43.3%

Percentages (%) of allostatic load

333

2.5%

0.3% 0.2% 0.02%

1 2

40.00% -
35.00% -

30.49
30.00% - *
25.00% -
20.00% -

16.2%
15.00% -
10.00% - 7.1%
A/
5.00% -
0.00% - .
0

3 4 5 6 7

Counts of allostatic load

Figure 1. Percentages of allostatic load count.

Allostatic load was calculated from 9 biomarkers of immune response, metabolic function, and cardiovascular health. For each of the 9 biomarkers,
an individual received a score of 1 if their biomarker level was more extreme than the high-risk clinical cut off and O otherwise. The allostatic load

sum score was calculated by taking the sum of all 9 biomarker scores.

AL. One NHANES study found that participants who
had no or insufficient vigorous LTPA had higher AL
than those with sufficiently vigorous LTPA.”* Although
these studies did not examine separate moderate-inten-
sity LTPA, it is well known that vigorous LTPA is more
beneficial on health conditions (e.g., CVD) than moder-
ate LTPA.”"”" Some studies have actually suggested
that moderate LTPA may not have effects on cardiovas-
cular health.”"”!

Up to now, no studies have examined associations of
OPA with AL. One cross-sectional study reported that
workers with lower occupational position had higher
AL, but it was only found in females,” consistent with
findings from this study. Although the study did not
assess OPA, persons in low occupational positions (e.g.,
manual workers) may undertake higher intensity OPA
than those in high occupational positions (e.g., profes-
sors).”” In addition, evidence indicated that intensity of
OPA positively associated with job stress,”” and a cohort
study found effects of job stress on coronary heart dis-
ease only among workers aged 35—40 years, not among
workers aged 40—50 years.”* A study among 11,126 par-
ticipants found that positive associations between OPA
type (i.e., blue collar versus white collar) and all-cause
mortality were higher in Hispanics than in Whites and
Blacks.”” However, the OPA was classified using job
classifications, which may be inaccurate. This study
did not find significant associations between OPA
and AL across racial/ethnic groups, which may be
due to small effect size (e.g., 1.14, 95% CI=0.98, 1.33
comparing high with low vigorous OPA in Blacks)
and limited sample sizes. More studies with larger
sample sizes are needed.
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Findings for the PA paradox on AL were consistent
with those of previous PA paradox studies on CVD>' >
and CVD biomarkers (e.g., BP).'*"'® However, some
studies found that OPA associated with decreased cardi-
ometabolic risk factors’ ~ and CVD risk.'"™"" Inconsis-
tent findings may be due to different measurements of
OPA or insufficient controlling for confounders (e.g.,
smoking or SES).””'>*

This study implicated that increasing vigorous LTPA
was beneficial for workers with either low or high vigorous
OPA. Although interactions between OPA and LTPA on
AL have not been examined, previous studies showed the
beneficial effect of LTPA on cardiometabolic health
regardless of OPA levels.”” ~*” For example, a cohort study
found inverse associations of LTPA with CVD existing in
all of high, moderate, and low OPA groups.57 Some studies
showed that effectiveness of LTPA on cardiometabolic
health depends on OPA.'>'**°! The varying findings
may be due to different measurements of OPA, insufficient
controlling for confounders (e.g., SES), and different age
groups.lz’m’w’m

Potential explanations for inverse associations of LTPA
with AL being observed only with vigorous LTPA rather
than with moderate LTPA may be because vigorous exer-
cise is more effective in improving cardiovascular fitness
and reducing AL than moderate exercise.””"’ This was
confirmed in this study through physiological links identi-
fied between moderate and vigorous LTPA and bio-
markers of AL (Appendix Table 7, available online). In
overall participants, vigorous LTPA inversely associated
with almost each biomarker of AL, except for creatinine,
potentially owing to limited sample sizes of participants at
high-risk creatinine and lack of robustness in the results.
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Table 2. Independent Associations of LTPA and OPA With Allostatic Load

Females Females aged Males aged Males aged
Overall aged 20—44 years 45—-64 years 20—44 years 45—-64 years
Count ratio Count ratio Count ratio Count ratio Count ratio

Models (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value
Moderate LTPA (high
versus low)

Unadjusted 0.95 (0.88, 1.04) 0.27 0.97 (0.81, 1.16) 0.72 0.91 (0.76, 1.10) 0.34 1.00 (0.86, 1.16) 0.96 0.92(0.78, 1.08) 0.29

Adjusted 0.99 (0.90, 1.08) 0.80 0.98 (0.81, 1.19) 0.82 0.99 (0.81, 1.22) 0.94 1.05 (0.90, 1.22) 0.57 0.91 (0.76, 1.08) 0.27
Vigorous LTPA (high
versus low)

Unadjusted 0.61(0.55,0.68) <0.001 0.65(0.54,0.79) <0.001 0.60(0.46,0.78) <0.001 0.67(0.59,0.77) <0.001 0.62(0.52,0.75) <0.001

Adjusted 0.68 (0.62,0.76) <0.001 0.72(0.58, 0.89) 0.003 0.72(0.55, 0.95) 0.02 0.72(0.62,0.84) <0.001 0.60(0.49,0.74) <0.001
Moderate OPA (high
versus low)

Unadjusted 1.06 (0.97, 1.16) 0.18 0.96 (0.80, 1.16) 0.68 1.08 (0.89, 1.31) 0.43 1.08 (0.93, 1.27) 0.30 1.11 (0.95, 1.30) 0.18

Adjusted 1.04 (0.94, 1.15) 0.42 0.94 (0.79, 1.12) 0.52 1.03 (0.84, 1.25) 0.81 1.09 (0.93, 1.28) 0.29 1.10 (0.93, 1.32) 0.27
Vigorous OPA (high
versus low)

Unadjusted 1.02 (0.92, 1.14) 0.64 1.49 (1.22,1.84) <0.001 0.94 (0.69, 1.29) 0.71 1.02 (0.88, 1.20) 0.76 0.88 (0.73, 1.06) 0.19

Adjusted 0.98 (0.88, 1.09) 0.71 1.38(1.10,1.73) 0.01 0.82 (0.63, 1.06) 0.12 0.97 (0.82, 1.16) 0.75 0.87 (0.73, 1.04) 0.14

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

Negative binominal regression model was used. Count ratio, 95% Cl, and p-value were reported. Sampling weights were applied. According to PA guidelines, high moderate PA (moderate PA>150
minutes/week) and low moderate PA (O<moderate PA<150 minutes/week) and high vigorous PA (vigorous PA>75 minutes/week) and low vigorous PA (O<vigorous PA<75 minutes/week) were used.
Allostatic load was calculated from 9 biomarkers of immune response, metabolic function, and cardiovascular health. For each of the 9 biomarkers, an individual received a score of 1 if their biomarker
level was more extreme than the high-risk clinical cut off and O otherwise. The allostatic load sum score was calculated by taking the sum of all 9 biomarker scores. Unadjusted model: crude model.
Adjusted model: besides adjusting for age, sex, race/ethnicity, marital status, education, annual household income, citizenship, working hours, smoking, alcohol drinking, energy intake, sleep, and
transportation PA, the fully adjusted model was also adjusted for vigorous LTPA, moderate OPA, and vigorous OPA for moderate LTPA; moderate LTPA, moderate OPA, and vigorous OPA for vigorous
LTPA; vigorous OPA, moderate LTPA, and vigorous LTPA for moderate OPA; and moderate OPA, moderate LTPA, and vigorous LTPA for vigorous OPA. When stratified by age and sex, those variables were
not controlled for.

LTPA, leisure-time physical activity; OPA, occupational physical activity; PA, physical activity.
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Figure 2. Associations of vigorous LTPA with allostatic load stratified by vigorous OPA among female workers aged 20—44 years in

NHANES 2007—-2018.

Multivariable negative binominal regression model was used. Count ratio, 95% Cl, and p-values were reported. The asterisk (*) indicated statistical
significance (p<0.05). Sampling weights were applied. According to PA guidelines, high moderate PA (moderate PA>150 minutes/week) and low
moderate PA (O<moderate PA<150 minutes/week) and high vigorous PA (vigorous PA>75 minutes/week) and low vigorous PA (O<vigorous PA<75
minutes/week) were used. Allostatic load was calculated from 9 biomarkers of immune response, metabolic function, and cardiovascular health. For
each of the 9 biomarkers, an individual received a score of 1 if their biomarker level was more extreme than the high-risk clinical cut off and O other-
wise. The allostatic load sum score was calculated by taking the sum of all 9 biomarker scores. Analysis was adjusted for race/ethnicity, marital sta-
tus, education, annual household income, citizenship, working hours, smoking, alcohol drinking, energy intake, sleep, transportation PA, moderate

LTPA, and moderate OPA.

LTPA, leisure-time physical activity; NHANES, National Health and Nutrition Examination Survey; OPA, occupational physical activity; PA, physical

activity.

In contrast, moderate LTPA displayed inverse relation-
ships with only half of the biomarkers examined (Appen-
dix Table 7, available online). OPA and LTPA may have
opposite effects on AL because OPA may be of longer
duration or require heavy lifting without sufficient recov-
ery periods, causing higher stress hormones secretion,
increased heart rate, and increased heart BP.”*® In addi-
tion, OPA was associated with impaired neural baroreflex
sensitivity, which increased BP.*

The reasons why positive associations of OPA with
AL only existed for vigorous OPA instead of moderate
OPA could be that workers with vigorous OPA had
heavier uncomfortable postures than those with moder-
ate OPA, related with higher increased BP and inflam-
mation, resulting in elevated AL.*’° Why positive
associations of vigorous OPA with AL only existed in
young females could be attributable to several factors.
First, vigorous OPA such as heavy lifting requires muscle
engagement without oxygen consumption.” During
these activities, heart rate increases to deliver more blood
and nutrients to active muscles.®® Females, who gener-
ally have less muscle mass than males,”” may experience
a higher heart rate and BP, leading to higher AL. Second,
research has shown that females’>*” and younger per-
sons™* may secrete more cortisol in response to stress
than males, potentially increasing AL. Third, young
females had the highest percentage of income <$20,000
(Appendix Table 8, available online), and workers with
low income may have more harmful working
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environments and fewer resources to cope with stressful
work,”*””" resulting in higher AL. These explanations
are supported by physiologic evidence linking vigorous
OPA with AL biomarkers (Appendix Table 7, available
online). This study found that the point estimates
between vigorous OPA and most biomarkers (e.g.,
WBC, HbAlc, TG, BMI, and diastolic BP) were rela-
tively stronger in young females than in other groups
(Appendix Table 7, available online). The study also
found higher level of WBC in young females (Appendix
Table 1, available online). These findings supported the
earlier-mentioned 3 potential mechanisms physiologi-
cally that characteristics of OPA and young females as
well as young females’ more pronounced responses to
stress lead to higher AL through dysregulation in
immune, metabolic, and cardiovascular systems.

This study had several strengths. It is the first study
examining independent and interactive associations of
OPA and LTPA with AL in the U.S. using a nationally
representative sample. In addition, multiple sensitivity
analyses were conducted, showing that results were
robust. Furthermore, the study collected potential con-
founders and controlled for sociodemographic factors,
health status, and behaviors. Importantly, OPA and
LTPA were mutually adjusted.

Limitations
First, OPA and LTPA were self-reported through the
GPAQ in NHANES. However, objective measures of PA
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using accelerometer are costly and hard to evaluate
domain-specific PA; thus, GPAQs are the most common
and valid method to assess PA in large epidemiologic
studies.”””’* In addition, OPA assessed in NHANES
included household chores and yard work; however, this
study only included employed participants who may
focus on actual work activities. Furthermore, in both
nonworker and worker females, the percentage of high
vigorous OPA was similar across age groups (Appendix
Table 9, available online). Thus, positive associations of
vigorous OPA and AL in young females may not be
attributed to household PA. Second, types of occupation
were not included in this study because these were not
available in NHANES since 2015. Third, this study was
cross-sectional, so the temporality and the causation
cannot be established. Fourth, because this study is
observational, residual confounding may still exist.

CONCLUSIONS

In a nationally representative sample of U.S. workers,
moderate LTPA and OPA were not associated with AL.
Vigorous LTPA inversely associated with AL in both
males and females aged 20—64 years and in Whites,
Blacks, and Hispanics, whereas vigorous OPA was posi-
tively associated with AL only in young females. Young
females with high vigorous LTPA had lower AL than
those with low vigorous LTPA among both high and
low vigorous OPA groups. Interventions on promoting
high vigorous LTPA among all workers and low vigor-
ous OPA particularly among young female workers are
needed to reduce AL.
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