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ABSTRACT
Background  Emerging evidence, predominately from 
European and Asian countries, describes opposing effects 
of occupational physical activity (OPA) and leisure-
time physical activity (LTPA) on cardiovascular health. 
This analysis examined cardiovascular disease (CVD) 
prevalence associated with OPA and LTPA.
Methods  This cross-sectional analysis of 2015 National 
Health Interview Survey data (n=16 974) employed 
logistic regression to estimate odds (OR) of self-reported 
CVD (coronary heart disease, heart attack, stroke or 
angina) with self-reported total occupational activity 
(TOA), occupational exertion (OE), occupational standing 
and walking (OSW) and LTPA. OPA was measured using 
two questions: ’How often does your job involve…’ (1) 
’repeated lifting, pushing, pulling or bending?’ (OE) and 
(2) ’standing or walking around?’ (OSW) with responses 
on a 5-item Likert scale (0=never, 4=always). TOA was 
categorised similarly after summing OE and OSW scores. 
LTPA was defined as 0, 1–149 or ≥150 min/week of 
moderate-to-vigorous activity. All models adjusted 
for common socioeconomic variables and additional 
analyses were stratified by sex, smoking status and LTPA.
Results  Odds for CVD were higher when ’always’ 
performing TOA (OR 1.99 95% CI 1.12 to 3.53), OE (OR 
2.15, 95% CI 1.45 to 3.19) or OSW (OR 1.84, 95% CI 
1.07 to 3.17) compared with ’never’. When restricting to 
never-smokers, odds for CVD were higher when ’always’ 
performing TOA (OR 3.00, 95% CI 1.38 to 6.51) and OE 
(OR 3.00, 95% CI 1.80 to 5.02) versus ’never’.
Conclusion  Associations of high OPA with CVD 
were equally apparent across sexes, stronger in lower 
LTPA levels and stronger in never-smokers. While 
uncontrolled confounding is still possible, even after 
extensive adjustment, the seemingly paradoxical adverse 
associations with OPA and CVD should be investigated 
further.

INTRODUCTION
While leisure-time physical activity (LTPA) is 
known to have many health promoting effects,1–6 
occupational physical activity (OPA) has been 
associated with adverse health in some studies.7–9 
These contradictory observations have been termed 
the ‘OPA health paradox.’7 A recent meta-analysis 
found an 18% increased risk of all-cause mortality 
in men with high compared with low OPA.7 
Proposed mechanisms to explain the increased risk 
include increased 24-hour cardiovascular strain, 
insufficient recovery and psychological strain from 
OPA.10

To date, most previous work has been done in 
Europe and Asia4 7 and confirming these results in 
other populations, such as the US, would add to the 
generalisability of the findings. Additionally, using 
all-cause mortality as an outcome may be inappro-
priate as many active occupations also have work-
place hazards, increasing mortality. Using more 
specific outcomes such as current cardiovascular 
disease (CVD) would be advantageous to interpre-
tation and potential intervention. Different types 
of OPA have not been explored which could have 
different effects on cardiovascular health.11 Lastly, 
the current literature is limited by, and criticised 
for, the potential for uncontrolled confounding 
from concurrent health behaviours, most notably 
smoking status.12

To address these gaps, this analysis examined 
cross-sectional associations between self-reported 
OPA and LTPA with self-reported prevalence of 
CVD in a representative US population using the 

Key messages

What is already known about this subject?
►► An occupational physical activity health 
paradox has been described in European and 
Asian populations. However, this literature 
remains limited by the lack of US data as well 
as potential residual confounding.

What are the new findings?
►► This study adds an examination of a US sample 
to the occupational physical activity health 
paradox literature. Specifically, this study found 
that high amounts of occupational physical 
activity is associated with higher odds for 
cardiovascular disease. Interestingly, smoking 
does not appear to confound the relationship as 
the direct associations were more exaggerated 
among never-smokers. Lastly, associations 
were lessened in those reporting high levels of 
leisure-time physical activity.

How might this impact on policy or clinical 
practice in the foreseeable future?

►► If proven true, the implications of an 
occupational physical activity health paradox 
on the modern workforce would be significant 
and would likely justify public health initiatives 
to limit or restructure occupational physical 
activity requirements to prioritise worker health.
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2015 National Health Interview Survey (NHIS). Additional 
analyses were stratified/restricted by sex, smoking status and 
LTPA level.

METHODS
The NHIS is a cross-sectional face-to-face household survey 
conducted every year in the US. The sample adult survey, used 
for this analysis, is a subsection where one adult (aged ≥18 
years) from each family is randomly selected to answer more 
extensive questions about their own health. The sample adult 
survey had a 2015 response rate of 55.2% with 33 672 individ-
uals responding. Further details about the NHIS were published 
previously.13

Activity definitions
OPA was measured using two questions: (1) ‘How often does 
your job involve repeated lifting, pushing, pulling or bending?’ 
(occupational exertion (OE)) and (2) ‘How often does your job 
involve standing or walking around?’ (occupational standing and 
walking (OSW)). Participants responded to a 5-item Likert scale 
(0=never, 1=seldom, 2=sometimes, 3=often, 4=always). Total 
occupational activity (TOA) was calculated by summing these 
two scores and then categorising as: 0=never, 1 or 2=seldom, 3 
or 4=sometimes, 5 or 6=often, 7 or 8=always.

Participants were asked to report moderate-intensity and 
vigorous-intensity activity as leisure-time bouts of ≥10 contin-
uous minutes that ‘cause only light sweating or a slight to 
moderate increase in breathing or heart rate’ and ‘cause heavy 
sweating or large increases in breathing or heart rate’, respec-
tively. Both moderate-intensity and vigorous-intensity aerobic 
activity were calculated as minutes/week. Moderate equivalent 
minutes/week were calculated as vigorous-intensity minutes/
week multiplied by two and added to moderate-intensity 
minutes/week.14 15 LTPA was defined in three categories as 0, 
1–149 or ≥150 moderate-equivalent minutes/week.5

CVD definition
Each participant answered yes or no to the questions, ‘Have you 
EVER been told by a doctor or other health professional that 
you had…’: ‘coronary heart disease,’ ‘a heart attack (also called 
myocardial infarction),’ ‘a stroke,’ or ‘angina, also called angina 
pectoris?’ CVD was classified as presence or absence of any of 
the four diseases and used as the outcome variable.16 The high 
validity of self-reported CVD in population-based studies has 
been reported previously.17–19

Covariate definitions
All models were adjusted for subject age, sex, working status, 
race/ethnicity, smoking status, alcohol consumption, family-
income-to-poverty ratio, body mass index (BMI), education 
and US nativity. Age was defined continuously between 18 and 
64 years. Sex was coded as male or female. Working status was 
defined as full time or part time (split at 35 hours/week). Race/
ethnicity was categorised as Hispanic, non-Hispanic white, non-
Hispanic black, non-Hispanic Asian and Non-Hispanic all other 
race groups. Smoking status was categorised as never, former, 
current or refused/not ascertained/don’t know (a pack-years 
variable is not available in the NHIS dataset). Alcohol consump-
tion was categorised as never, former, current and drinking 
status unknown. Family-income-to-poverty ratio was estimated 
using multiple imputations and defined as self-reported family 
income divided by the poverty threshold.13 BMI was calculated 
as kg/m2 using self-reported height and weight. Education was 

categorised as <high school diploma, high school diploma or 
equivalent, some college, college graduate, graduate degree or 
refused/not ascertained/don’t know. US nativity was categorised 
as US born, not US born, or refused/not ascertained/don’t know.

Sample
Those who did not answer the OPA questions due to not 
working (n=14 216) or refused to answer or didn’t know the 
answer to the OPA questions (n=27) were excluded. Those 
aged ≥65 years (n=8378), with missing BMI (n=1145), with 
missing activity data (n=1259) or reporting not working (n=14 
237) were also excluded. Sensitivity analyses were performed to 
confirm that the exclusion of individuals aged ≥65 years and 
with missing BMI data did not change the results in a meaningful 
way. Any missing CVD outcome data were also excluded (n=58 
for coronary heart disease, n=43 for hypertension, n=25 for 
diabetes, n=39 stroke, n=102 for high cholesterol, n=61 for 
angina, n=34 for any other heart conditions and n=130 in total 
for composite CVD). After all exclusions from the total sample 
(n=33 672), the analytical sample size was n=16 974.

Analytical approach
Unadjusted prevalence of CVD was estimated and stratified 
across levels of the four physical activity variables. Logistic 
regression estimated the odds of having composite CVD across 
categorical levels of TOA, OE, OSW and LTPA, after adjustment 
for covariates. Analyses were repeated similarly after stratifi-
cation by sex (female/male) and LTPA level. Stratification by 
education level was also completed and the results are provided 
in online supplemental table 1. Lastly, all associations were 
restricted to a sample of never-smokers. The linear trend of CVD 
prevalence was tested across increasing categories of the ordinal 
physical activity variables using linear regression and presented 
as p for trend.

TOA was the only OPA covariate used in the LTPA models due 
to collinearity between TOA and OE (r=0.89, p≤0.001) and 
OSW (r=0.88, p≤0.001). Similarly, when analysing the effect of 
OE and OSW on CVD, no other OPA variable was included due 
to high joint correlations between the OPA variables.

All estimates were made using the complex survey weighting 
and design variables described in the 2015 NHIS Survey Descrip-
tion Document.13 STATA V.16.1 was used for all analyses and 
alpha level was set at 0.05.

RESULTS
The estimated weighted sample characteristics of the overall 
and sex-stratified samples are presented in table 1. The overall 
sample was 49.6% female, 40.6 years old and mostly (64.5%) 
non-Hispanic white who had never smoked (67.1%). CVD was 
reported by 2.5% of individuals. 33.7% of individuals reported 
‘always’ performing TOA and 55% reported ≥150 of moderate-
equivalent minutes/week.

Online supplemental table 2 presents the unadjusted preva-
lence of CVD across categories of OPA and LTPA. Prevalence 
of CVD was highest in the ‘always’ categories of TOA, OE and 
OSW (3.2%, 3.6% and 3.0%, respectively) compared with the 
other levels. Significant linear trends were detected in TOA, 
OE and OSW (all p<0.05). CVD prevalence was lowest among 
the highest LTPA group (2.0%) with a significant p for trend 
(p=0.002) (online supplemental table 2).

Table  2 presents the adjusted odds for CVD by OPA and 
LTPA levels. The odds for composite CVD were significantly 
higher in those reporting ‘always’ performing TOA, OE and 
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OSW compared with ‘never’ (OR=1.99, p=0.019, OR=2.15, 
p=0.001 and OR 1.84, p=0.027, respectively). Odds for 
CVD were significantly higher in those reporting ‘seldom’ 
and ‘often’ performing OE compared with ‘never’ (OR=1.75, 
p=0.005 and OR=1.60, p=0.042, respectively). Significant 
positive trends were found between CVD and TOA, OE and 
OSW (all p<0.01). LTPA level was not associated with CVD 
(p>0.05).

Sex stratification
Table 3 presents the odds for CVD associated with TOA, OE, 
OSW and LTPA by sex. Odds for CVD were higher in men 
reporting ‘always’ performing TOA compared with ‘never’ 
(OR=2.47, p=0.041) but not for any other TOA categories in 
either sex. Odds for CVD were higher in those reporting ‘always’ 
performing OE compared with ‘never’ in both females and males 
(OR=2.32, p=0.002 and OR=1.97, p=0.017, respectively). 
Females reporting ‘seldom’ performing OE had higher odds for 
CVD (OR=2.06, p=0.014) compared with ‘never’. Significant 
positive trends were observed between CVD prevalence and 
TOA, OE and OSW for both sexes (all p<0.05). LTPA level was 
not associated with CVD in either sex.

Restriction to never-smokers
Table 4 presents the adjusted odds for CVD associated with OPA 
and LTPA in never-smokers. The unadjusted prevalence of CVD 
in never-smokers was 1.78% (not shown). In never-smokers, the 
odds for CVD were significantly higher in the those ‘always’ 
performing TOA and OE compared with ‘never’ (OR=3.00, 
p=0.006 and OR=3.00, p=0.001, respectively). Odds of 
CVD were higher among those reporting ‘often’ and ‘seldom’ 
performing OE compared with ‘never’ (OR=2.50, p=0.002 
and OR=2.24, p=0.002, respectively). Significant positive 
trends were observed between CVD prevalence and TOA, OE 
and OSW (all p<0.01). Odds for CVD remained non-significant 
across LTPA levels in never-smokers (all p>0.05).

Joint associations between OPA and LTPA
Table 5 presents the adjusted odds for CVD by level of TOA, 
OE and OSW stratified by LTPA level. Results stratified by LTPA 
were of similar magnitude to the overall results. Associations 
between high CVD with TOA and OE were more apparent in 
those reporting 1–149 min/week of LTPA. Significant positive 
trends between CVD prevalence and TOA, OE and OSW were 
found in those reporting 1–149 min/week of LTPA; however, 
similar trends were not found among those meeting LTPA guide-
lines. The odds for CVD were higher in those ‘always’ performing 
TOA, OE and OSW compared with ‘never’ in those with 1–149 
min/week of LTPA (OR=10.87, p=0.001; OR=4.78, p=0.001; 
OR=5.21, p=0.009, respectively). Similarly, odds for CVD were 
higher in those ‘often’ performing TOA, OE and OSW compared 
with ‘never’ in those with 1–149 min/week of LTPA (OR=6.47, 
p=0.006; OR=4.60, p=0.002; OR=4.60, p=0.017; respec-
tively). With 0 min/week of LTPA, odds for CVD were higher in 
those ‘always’ performing OE compared with ‘never’ (OR=2.08, 
p=0.046) and significant positive trends were found between 
CVD and TOA as well as OSW (p<0.05). No significant associ-
ations were observed between OPA and CVD in those meeting 
LTPA guidelines (all p>0.05).

DISCUSSION
This analysis examined cross-sectional associations between 
prevalent CVD associated with TOA, OE, OSW and LTPA in 
a nationally representative sample of US working adults. Those 
reporting ‘always’ performing TOA, OE and OSW had higher 
odds of prevalent CVD than those reporting ‘never’. Both sexes 
had similar, direct associations between high levels of OE and 
CVD. Direct associations between CVD and high TOA, OE and 
OSW seem to be of similar magnitude in never-smokers. Lastly, 
higher odds for CVD with high OE were more distinct in those 
reporting 0 and especially 1–149 min/week of LTPA as compared 
with ≥150 min/week.

Table 1  Sample characteristics

Overall Female Male

Sample size 16 974 8412 8562

Age (years) 40.6 40.6 40.5

Cardiovascular disease 2.5% 2.1% 2.9%

Occupational status

 � Full time 79.3% 72.4% 85.1%

 � Part time 20.7% 27.6% 14.9%

Total occupational activity

 � Never 6.0% 6.7% 5.3%

 � Seldom 15.6% 17.5% 13.9%

 � Sometimes 22.0% 22.7% 21.3%

 � Often 22.8% 23.3% 22.3%

 � Always 33.7% 29.7% 37.2%

Leisure-time physical activity

 � 0 min 27.0% 27.0% 27.0%

 � 1–149 min 18.1% 20.5% 16.0%

 � ≥150 min 55.0% 52.5% 57.0%

Ratio of family income to poverty 
threshold

4.5* 4.4* 4.6*

Body mass index 27.9 27.5 28.3

Alcohol drinking status

 � Never 15.8% 18.7% 13.3%

 � Former 9.0% 8.8% 9.2%

 � Current 74.6% 72.0% 76.9%

 � Drinking status unknown 0.5% 0.5% 0.5%

Smoking status

 � Never 67.1% 70.4% 64.3%

 � Former 17.7% 15.4% 19.7%

 � Current 15.1% 14.1% 15.9%

 � Refused/not ascertained/don’t know 0.1% 0.1% 0.1%

Education

 � <High school diploma 8.3% 6.5% 9.9%

 � High school diploma 21.7% 19.0% 24.0%

 � Some college 19.1% 19.3% 18.9%

 � College graduate 36.9% 39.2% 34.8%

 � Graduate degree 13.7% 15.8% 12.0%

 � Refused/not ascertained/don’t know 0.2% 0.2% 0.3%

Race

 � Hispanic 16.7% 14.8% 18.3%

 � Non-Hispanic white 64.5% 64.7% 64.3%

 � Non-Hispanic black 11.7% 13.2% 10.4%

 � Non-Hispanic Asian 6.2% 6.3% 6.2%

 � Non-Hispanic all other 0.9% 0.9% 0.9%

Nativity

 � US born 81.5% 83.1% 80.1%

 � Not US born 18.4% 16.8% 19.8%

 � Refused/not ascertained/don’t know 0.01% 0.01% 0.01%

Data presented as either estimated frequency or mean.
*Estimated using multiple imputations.
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High amounts of OPA have repeatedly been associated with 
detrimental cardiovascular and overall health as compared with 
little or no OPA among European and Asian populations.7–9 This 
is in stark contrast to the well-established, health-enhancing 
effects of LTPA.2 These findings, although cross-sectional, 
provide some initial evidence that a similar paradoxical effect 
may exist in the US. While further investigation is necessary, these 
findings align with a previous study that demonstrated a non-
significant 25% increased HR for all-cause mortality in those 
reporting high OPA compared with low OPA in National Health 
and Nutrition Examination Survey III.4 However, as mentioned 
before, all-cause mortality may be confounded by other hazards 
in high OPA occupations. Another previous study found that 
OPA had no effect on risk for coronary heart disease.6 However, 
the different findings could reflect reliance on reported occu-
pation to estimate OPA level rather than the NHIS’s method 
of self-reported OPA. Another longitudinal study of Cana-
dian workers found a 232% increased risk of heart disease in 
those with predominately standing occupations compared with 
sitting.20 The current overall NHIS sample results align with the 
Canadian findings in the direction and magnitude of effect of 
OSW. Effects of OPA on cardiovascular health could be similar 
between the two countries, strengthening international general-
isability despite potential differences in OPA and culture across 
countries.

One possible explanation for the OPA health paradox is insuf-
ficient recovery time during and after OPA performed, there-
fore, increasing the 24-hour cardiovascular load.10 Consistent 
with that theory, those reporting ‘always’ and ‘often’ performing 
TOA, OE and OSW generally had higher odds for CVD 
compared to those with low OPA. It is reasonable to infer that 
those who ‘always’ perform OPA are most susceptible to inade-
quate recovery.

LTPA was not found to be significantly associated with prev-
alent CVD in this study. However, non-significant associations 
were largely in the expected direction and in agreement with 
previous literature suggesting a negative relationship.2 21 22 The 
non-significant results in this study may be due to the known 
measurement error of the self-reported LTPA data in the NHIS.23 
Additionally, given that associations between OPA and CVD 
were different across LTPA levels, further consideration should 
be given to potential interactions between the two domains of 
activity in the same model in future examinations.

Sex stratification
Though a recent meta-analysis found OPA to be associated 
with higher mortality among men (HR 1.18, 95% CI 1.05 to 
1.34), no such association was observed in women (HR 0.90, 
95% CI 0.80 to 1.01).7 This inconsistency, despite proposed 

Table 2  Adjusted odds of cardiovascular disease by frequency of leisure-time and occupational physical activity

Total occupational activity Occupational exertion Occupational standing Leisure-time physical activity

OR P value 95% CI OR P value 95% CI OR P value 95% CI OR
P 
value 95% CI

Never 1.00 -- -- 1.00 -- -- 1.00 -- -- 0 min 1.00 -- --

Seldom 1.10 0.785 (0.56 to 2.13) 1.75 0.005 (1.18 to 2.60) 1.14 0.694 (0.59 to 2.19) 1–149 min 1.16 0.469 (0.77 to 1.74)

Sometimes 1.35 0.343 (0.72 to 2.52) 0.96 0.833 (0.63 to 1.44) 1.03 0.929 (0.52 to 2.04) ≥150 min 0.95 0.737 (0.69 to 1.29)

Often 1.59 0.146 (0.85 to 2.98) 1.60 0.042 (1.02 to 2.53) 1.25 0.484 (0.66 to 2.37) -- -- -- --

Always 1.99 0.019 (1.12 to 3.53) 2.15 0.001 (1.45 to 3.19) 1.84 0.027 (1.07 to 3.17) -- -- -- --

P for trend 0.001 0.002 0.001 0.479

All models adjusted for age, sex, working status, race/ethnicity, smoking status, alcohol consumption, family income-to-poverty ratio, BMI, education, US nativity, leisure-time 
activity category and total occupational activity; all strata had at least 80 cases of reported CVD; boldface text indicates significance (p<0.05).
BMI, body mass index; CVD, cardiovascular disease.

Table 3  Sex-stratified odds of cardiovascular disease by occupational physical activity and leisure-time physical activity

 �

Total occupational activity Occupational exertion Occupational standing Leisure-time physical activity

OR P value 95% CI OR P value 95% CI OR P value 95% CI OR P value 95% CI

Female

Never 1.00 -- -- 1.00 -- -- 1.00 -- -- 0 min 1.00 -- --

Seldom 0.61 0.293 (0.25 to 1.53) 2.06 0.014 (1.16 to 3.67) 0.73 0.533 (0.28 to 1.95) 1–149 min 0.99 0.984 (0.56 to 1.78)

Sometimes 0.99 0.973 (0.42 to 2.31) 0.95 0.871 (0.48 to 1.85) 1.11 0.824 (0.43 to 2.90) ≥150 min 0.78 0.365 (0.45 to 1.35)

Often 1.24 0.599 (0.55 to 2.78) 1.89 0.068 (0.95 to 3.73) 1.14 0.763 (0.49 to 2.64) -- -- -- --

Always 1.46 0.320 (0.69 to 3.07) 2.32 0.002 (1.37 to 3.93) 1.62 0.200 (0.77 to 3.37) -- -- -- --

P for trend p=0.008 p=0.012 p=0.009 p=0.312

Male

Never 1.00 -- -- 1.00 -- -- 1.00 -- -- 0 min 1.00 -- --

Seldom 1.67 0.290 (0.65 to 4.31) 1.54 0.123 (0.89 to 2.68) 1.47 0.399 (0.60 to 3.64) 1–149 min 1.33 0.291 (0.78 to 2.25)

Sometimes 1.71 0.244 (0.69 to 4.19) 0.93 0.806 (0.52 to 1.68) 0.91 0.836 (0.37 to 2.22) ≥150 min 1.08 0.705 (0.73 to 1.58)

Often 1.90 0.183 (0.74 to 4.88) 1.41 0.285 (0.75 to 2.65) 1.26 0.611 (0.51 to 3.11) -- -- -- --

Always 2.47 0.041 (1.04 to 5.91) 1.97 0.017 (1.13 to 3.44) 1.89 0.105 (0.87 to 4.08) -- -- -- --

P for trend 0.090 0.035 0.030 0.936

All models adjusted for age, working status, race/ethnicity, smoking status, alcohol consumption, family income-to-poverty ratio, BMI, education, US nativity, leisure-time activity category and total 
occupational activity; all strata had at least 80 cases of reported CVD; boldface text indicates significance (p<0.05).
BMI, body mass index; CVD, cardiovascular disease.
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mechanisms that should affect both sexes, limits confidence in 
the OPA health paradox. Contrasting with previous literature, 
the current sex-stratified results demonstrate associations that 
are largely similar across sexes.7 24–26 The differing results could 
be attributed to differences in US workplace job/task roles across 
sexes compared with other countries. Potentially, women who 
perform high levels of OPA in the US have similar cardiovas-
cular responses as men due to more equalised work/rest ratios 
or job task training compared with women in other countries. 
Further investigation is certainly warranted, though our consis-
tent results across sexes are supportive of proposed mechanisms 
for the OPA health paradox.

Restriction to never-smokers
Another major criticism of the OPA health paradox is that 
uncontrolled confounding due to related health behaviours 
could remain.26 A recent criticism proposed discrete smoking 
categorisation as contributing to the relationships seen.12 The 
current analysis attempted to address this by presenting the 

relationships in a restricted sample of never-smokers. Among 
never-smokers, we found that the direct associations between 
TOA and OE with CVD were of similar magnitude and direc-
tion compared with the overall sample. Additionally, a poten-
tial dose–response relationship was observed between OPA and 
CVD in never-smokers (all p<0.01). This suggest that uncon-
trolled confounding by smoking status is likely not driving the 
relationships seen, however, future investigation is warranted 
to fully understand the robustness of the associations against 
confounding by smoking status.

While covariates were chosen based on previous studies, 
the influence of socioeconomic status is difficult to completely 
control.7 27–30 Even with multifactorial classification of socio-
economic status (race/ethnicity, education, income, nativity, 
etc), representation of multidimensional and institutionalised 
phenomena such as race and socioeconomic status using 
discrete self-reported categorisations may fall short.31 While 
analyses included adjustment and stratification, uncontrolled 
confounding may still exist and it must be acknowledged as an 

Table 4  Adjusted odds of cardiovascular disease by frequency of leisure-time and occupational physical activity in never-smokers

Total occupational activity Occupational exertion Occupational standing Leisure-time physical activity

OR P value 95% CI OR P value 95% CI OR P value 95% CI OR P value 95% CI

Never 1.00 -- -- 1.00 -- -- 1.00 -- -- 0 min 1.00 -- --

Seldom 1.47 0.378 (0.62 to 3.44) 2.24 0.002 (1.35 to 3.72) 1.10 0.830 (0.45 to 2.69) 1–149 min 1.19 0.531 (0.69 to 2.08)

Sometimes 1.74 0.179 (0.77 to 3.91) 1.07 0.829 (0.57 to 2.01) 1.25 0.609 (0.53 to 2.98) ≥150 min 0.91 0.675 (0.59 to 1.42)

Often 2.29 0.056 (0.98 to 5.37) 2.50 0.002 (1.41 to 4.44) 1.49 0.324 (0.67 to 3.32) -- -- -- --

Always 3.00 0.006 (1.38 to 6.51) 3.00 0.001 (1.80 to 5.02) 2.06 0.061 (0.97 to 4.40) -- -- -- --

P for trend 0.001 0.001 0.006 0.454

All models adjusted for age, sex, working status, race/ethnicity, alcohol consumption, family income-to-poverty ratio, BMI, education, US nativity, leisure-time activity category and total 
occupational activity; all strata had at least 80 cases of reported CVD; boldface text indicates significance (p<0.05).
BMI, body mass index; CVD, cardiovascular disease.

Table 5  Adjusted odds of cardiovascular disease by occupational physical activity stratified by level of leisure-time physical activity

 �

Total occupational activity Occupational exertion Occupational standing

OR P value 95% CI OR P value 95% CI OR P value 95% CI

0 min of leisure-time physical activity

Never 1.00 -- -- 1.00 -- -- 1.00 -- --

Seldom 2.46 0.227 (0.57 to 10.67) 2.08 0.061 (0.97 to 4.46) 1.25 0.738 (0.34 to 4.61)

Sometimes 1.86 0.385 (0.46 to 7.55) 0.86 0.729 (0.38 to 1.98) 1.41 0.602 (0.39 to 5.11)

Often 3.29 0.094 (0.81 to 13.34) 1.27 0.584 (0.54 to 3.02) 1.00 0.999 (0.32 to 3.14)

Always 3.37 0.072 (0.90 to 12.64) 2.08 0.046 (1.01 to 4.25) 2.18 0.148 (0.76 to 6.27)

P for trend 0.031 0.147 0.038

1–149 min of leisure-time physical activity

Never 1.00 -- -- 1.00 -- -- 1.00 -- --

Seldom 3.73 0.079 (0.86 to 16.21) 1.93 0.218 (0.68 to 5.52) 3.48 0.088 (0.83 to 14.56)

Sometimes 4.61 0.029 (1.17 to 18.16) 1.11 0.861 (0.36 to 3.39) 2.21 0.295 (0.50 to 9.73)

Often 6.47 0.006 (1.70 to 24.63) 4.60 0.002 (1.79 to 11.80) 4.60 0.017 (1.31 to 16.08)

Always 10.87 0.001 (2.87 to 41.15) 4.78 0.001 (1.86 to 12.27) 5.21 0.009 (1.52 to 17.79)

p for trend 0.003 0.001 0.027

≥150 min of leisure-time physical activity

Never 1.00 -- -- 1.00 -- -- 1.00 -- --

Seldom 0.68 0.333 (0.31 to 1.49) 1.55 0.086 (0.94 to 2.54) 0.89 0.784 (0.38 to 2.07)

Sometimes 1.05 0.898 (0.51 to 2.16) 0.97 0.907 (0.53 to 1.75) 0.77 0.517 (0.34 to 1.72)

Often 0.83 0.625 (0.39 to 1.77) 1.08 0.821 (0.55 to 2.14) 1.01 0.988 (0.47 to 2.17)

Always 1.07 0.848 (0.54 to 2.12) 1.52 0.128 (0.89 to 2.59) 1.31 0.427 (0.67 to 2.57)

p for trend 0.393 0.331 0.104

All models adjusted for age, sex, working status, race/ethnicity, smoking status, alcohol consumption, family income-to-poverty ratio, BMI, education and US nativity; all strata 
had at least 80 cases of reported CVD; boldface text indicates significance (p<0.05).
BMI, body mass index; CVD, cardiovascular disease.
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ongoing limitation to this study and investigations of the OPA 
health paradox in general.

Joint associations between OPA and LTPA
The joint associations explored provided insight on the 
potential interaction between OPA and LTPA and their 
associations with CVD. At higher levels of LTPA the asso-
ciation between OPA and CVD was lessened. This aligns 
somewhat with proposed mechanisms for the OPA health 
paradox where OPA does not improve fitness, increasing 
24-hour cardiovascular strain on days with OPA.10 32 Under 
this hypothesised mechanism, those with high LTPA would 
be associated with high fitness and therefore would be less 
susceptible to cardiovascular strain during OPA. Two previous 
studies demonstrated a significantly increased resting and 
24-hour ambulatory systolic blood pressure after a 16-week 
moderate-intensity aerobic exercise programme of 60 min/
week in hospital cleaners with high OPA.33 34 The current 
results agree with these studies, concluding that added LTPA 
of less than 150 min/week to already high levels of OPA 
is potentially detrimental to cardiovascular health. This 
suggests that the amount of LTPA performed in conjunction 
with OPA is critical. It may be that LTPA <150 min/week is 
detrimental to those with high OPA due to increased cardio-
vascular load while LTPA ≥150 min/week is beneficial due 
to improved fitness. Furthermore, temporality of the LTPA 
and OPA exposures may be important for cardiovascular risk 
because fitness changes would directly affect the interaction 
of OPA and cardiovascular strain.

Strengths
The current analysis had several strengths. First, the multidimen-
sional and stepped categorisation of TOA, OE and OSW allowed 
for more specific analysis of the association with CVD. This 
provided information about the modality and pattern of activity 
that could be compared with proposed mechanisms.10 Also, this 
study used a population-based and nationally representative 
survey design to allow for generalisation of results to the civilian 
non-institutionalised US population. Lastly, this study provided 
novel stratified or restricted analyses by sex, smoking and 
LTPA level. These subanalyses provide valuable steps forward 
in addressing the concerns with uncontrolled confounding and 
disparate findings regarding the OPA health paradox. However, 
future research should confirm these findings with improved 
methods including longitudinal designs and improved measure-
ment of OPA, LTPA and CVD.

Limitations
This cross-sectional analysis is limited by the inability to establish 
temporality, making causal inference difficult. However, OPA 
exposure is likely stable over time making the cross-sectional 
analysis stronger (ie, reflecting historical longitudinal exposure 
to OPA). Second, selection bias is likely present where individ-
uals with CVD may self-select out of high activity occupations. 
However, this bias would work towards the null making the 
presented estimates conservative. CVD prevalence was assessed 
using self-report at one time using a yes/no question without 
providing information about the duration, severity or cause 
of the disease. However, high validity of self-reported CVD 
in population-based studies has been reported previously.17–19 
TOA, OE, OSW and LTPA were self-reported and subject to 
recall and social desirability biases. Though, over-reporting is 
more likely in activity recall which would bias the current results 

towards the null, thus resulting in more conservative estimates.35 
TOA, OE and OSW were assessed using only two questions 
referring to the amount and certain type of activity done at work 
and the LTPA questionnaire restricts to activities of ≥10 min 
and may miss sporadic activity.2 5 Objective measurement of OPA 
and LTPA could address these limitations in the future. Lastly, 
additional covariates outside of what is available in the NHIS 
may be helpful in future analyses to address remaining concerns 
around uncontrolled confounding. Specific covariates of interest 
for future analyses include occupational tenure, other occupa-
tional exposures such as particulate exposure and family history 
of CVD.

CONCLUSIONS
The current study examined the associations between TOA, 
OE, OSW and LTPA with CVD. Increased odds for CVD were 
observed in those reporting high amounts of TOA, OE and OSW. 
The direct association between CVD and OE was apparent in 
both sexes. Interestingly, smoking does not appear to confound 
the relationship between OPA and CVD as the direct associa-
tions were more exaggerated among never-smokers. Lastly, asso-
ciations between CVD and OE were lessened in those reporting 
high levels of LTPA.

These data support the potential existence of an OPA health 
paradox in the US. Limitations to the research investigating the 
paradox remain and future studies should explore this topic 
using epidemiological and experimental methods to develop the 
understanding of a potential causal framework and mechanistic 
pathways. If proven true, however, the implications of such a 
paradox on the modern workforce would be significant and 
would likely justify public health initiatives to limit or restruc-
ture OPA requirements to prioritise worker health.
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