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Abstract

Objectives—Recent meta-analyses suggest a physical activity health paradox: high levels of
occupational physical activity (OPA) increase cardiovascular disease (CVD) risk, while leisure-
time physical activity (LTPA) decreases risk. However, studies of women and cerebrovascular
disease are limited. This report examines physical activity effects on stroke and transient ischemic
attack (T1A) among working women in the United States.

Methods—OPA history, health status, and lifestyle were assessed by baseline interviews of 31
270 employed Sister Study participants aged 35-74 years. OPA was assessed at siX intensity levels
(lowest: “mostly sitting”); the highest three were combined as “high intensity work.” Independent
OPA and LTPA effects on 6-year cerebrovascular disease incidence were estimated in adjusted
Cox proportional hazard models.

Results—Stroke (N=441) and TIA (N=274) risk increased with more standing and higher
intensity work at current and longest held job. Compared with mostly sitting, high intensity work
at the current job increased TIA risk by 57% [hazard ratio (HR) 1.57, 95% confidence interval
(CI) 1.04-2.38]. High intensity OPA at the longest held job increased risk for stroke by 44% (HR
1.44; 95% CI 1.08-1.93). Among women with CVD, sitting and standing equally, especially at the
current job, increased risks up to two-fold (TIA HR 1.98, 95% CI 1.10-3.55) compared with
mostly sitting at work. LTPA showed inverse associations.
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Conclusions—Higher intensity levels of OPA increased stroke and TIA risks, while LTPA
decreased risks; results corroborate the physical activity health paradox for women and
cerebrovascular disease. More standing at work increased cerebrovascular disease risks, especially
for women with CVD.

Keywords

cerebrovascular disease; cohort; epidemiology; ischemic heart disease; physical activity health
paradox; prospective; work posture

In the United States, stroke is the leading cause of long-term disability and one of the
leading causes of death (1). Stroke and transient ischemic attack (TI1A) partially share a
similar pathophysiology and are mostly distinguished by the duration and severity of clinical
symptoms; TIA symptoms last <24 hours, while stroke symptoms last =24 hours and can
lead to permanent disability or death (2, 3). Like cardiovascular disease (CVD), stroke
occurrence is associated with socio-demographic, lifestyle, and environmental factors (2).
Although men have a higher risk for stroke than women of the same age, more women than
men are affected by stroke due to their average longer lifespan (1, 2).

Risk factors for stroke include CVD, atrial fibrillation, hypertension, smoking, high
cholesterol, heavy alcohol consumption, and obesity (2, 4, 5). In contrast, diet high in fish,
grains, fruits, and vegetables, and high levels of leisure-time physical activity (LTPA), are
associated with lower stroke risk (6—8). Occupational risk factors for stroke include heavy
physical work (9, 10), long working hours (11), night shifts (12), job stress (13),
discrimination (14), and professional driving (15). Some risk factors for stroke have been
confirmed as risk factors for TIA, but the strength of associations may differ between these
cerebrovascular diseases (2, 16); to our knowledge, none of the aforementioned occupational
risk factors have been evaluated for TIA.

While the protective role of LTPA is well-documented, the role of occupational physical
activity (OPA) in the etiology of stroke and TIA is less clear, especially in women. No
studies have examined the relationship between OPA and TIA, and few have examined
stroke as an outcome (7, 9, 17-21), with five providing sex-specific results (7, 9, 19-21). In
women, lower OPA was associated with higher risk for stroke (7, 9, 19, 20); however, some
studies lacked the statistical power to investigate higher levels of OPA (9, 20). Only one
study used a validated questionnaire (22) to assess OPA, which found higher levels of OPA
to increase stroke risk in women (21). Additionally, only one study adjusted for other types
of physical activity (LTPA, commuting), and reported protective OPA effects on women’s
stroke risk (7).

Recent reviews of the epidemiological literature suggest paradoxical health effects for
physical activity, with OPA being positively related to CVD incidence and mortality, and
LTPA being inversely related (23-29) or having no effect at all after adjustment for OPA
(30-32). A similar paradoxical effect was reported for Parkinson’s disease (33). The most
recent meta-analysis of 17 prospective cohort studies showed an 18% increased mortality
risk for high levels of OPA among men [hazard ratio (HR) 1.18, 95% confidence interval
(CI) 1.05-1.34], but a 10% decreased risk among women (HR 0.90, 95% CI 0.80-1.01) (28).
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The contrasting effects of OPA and LTPA on CVD and mortality may be in part explained
by sustained inflammatory responses and prolonged elevation of heart rate and blood
pressure, which are associated with OPA but not LTPA (24). Additionally, OPA is
structurally different than LTPA because workers typically lack control over activity and
recovery time and work tasks; this can result in exhaustion and fatigue, which are associated
with progression of atherosclerosis (34) and elevated CVD and stroke risks (35-37).

The current study investigates the relationships between OPA and incident stroke and TIA,
separately for current and longest held job. We originally hypothesized that higher intensity
levels of OPA in general, and more standing at work specifically, increase risk for
cerebrovascular diseases compared with more sitting, since both high relative aerobic
workloads and occupational standing have been previously associated with increased risks
for atherosclerosis and CVD (30-32, 38, 39). This study overcomes several methodological
limitations of previous analyses by using a sufficiently large cohort and employing a finely
graded, six-level intensity-ranked OPA measure anchored in common descriptive indicators
of work intensity, including work postures, body movements, perceived heart rate increases
during work, and perceived heaviness of work. We intentionally retained the original
questionnaire items referring to working postures because earlier research has shown that a
standing working posture is strongly related to progression of atherosclerosis (30, 39), the
main underlying pathological process of cerebrovascular diseases. This study
comprehensively adjusts for potentially confounding factors, including LTPA.

Study population

Subjects were participants in the Sister Study, a prospective cohort study designed to assess
genetic and environmental risk factors for breast cancer (40). Between 2003 and 2009, the
Sister Study enrolled 50 884 women aged 35-74 who resided in the United States or Puerto
Rico and were breast cancer-free at enrollment but had a sister with breast cancer. At
baseline, written informed consent was obtained and interviews were conducted. Excluded
from analyses were unemployed women or homemakers (N=18 039), those who did not
report OPA for their current job (N=63), and women who completed a non-comparable
version of the occupational questionnaire (N=1512), resulting in an analytic sample of 31
270 women. The Internal Review Boards at the National Institute of Environmental Health
Sciences and Copernicus Group approved the original study; the University of California,
Los Angeles approved this secondary analysis.

Outcome assessment

Incident stroke and TIA cases were self-reported doctor’s diagnoses ascertained by follow-
up health surveys between 2005 and 2015. If a participant died, next of kin were asked about
diagnosed diseases. Eight fatal stroke cases were confirmed via the National Death Index
and/or the individual’s death certificate and analyzed together with non-fatal cases.
Subsequent events were not excluded, but a supplementary analysis combining stroke and
TIA was restricted to first events. Women with stroke or TIA before enrollment were
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excluded from analyses of incident stroke and TIA, respectively. Missing event dates were
replaced by the midpoint of the last event-free survey and the first survey with an event.

Assessment of occupational physical activity

At baseline, computer-assisted telephone interviews solicited detailed information for all
jobs, military service, and volunteer work performed after age 18 for =10 hours per week.
For each job, participants were asked, “Which of the following best describes your usual
physical activity while on the job?” The possible responses were: (1) mostly sitting, with
some standing and/or walking; (2) sitting and standing equally (may include some walking);
(3) mostly standing with some walking; (4) continuous walking or other movements that
increase your heart rate slightly; (5) heavy manual labor that causes sweating or increases
your heart substantially; and (6) sporadic heavy manual labor. Due to small numbers, the
latter two categories were collapsed in preliminary analyses into a group labeled “heavy
manual labor.” However, this exposure group still contained few events so it was further
combined with “continuous walking or other movements” into a category labeled “high
intensity work,” resulting in a four-level exposure variable for OPA: mostly sitting, sitting
and standing equally, mostly standing, and high intensity work. If OPA at the longest held
job was not reported (N=225), the response for current job was used. This report primarily
uses the four-level OPA measure and separately assesses OPA for participants’ current job
and longest held job in order to determine if timeframe of exposure differentially impacts
cerebrovascular disease risk.

Selection and assessment of covariates

Potential confounders were identified using a priori knowledge and change-in-estimate
criteria. Traditional cardiovascular risk factors such as age, body mass index (BMl),
smoking status, alcohol intake, and LTPA were selected for inclusion due to their strong
influence on stroke risk (2) and association with OPA (41). Work-related factors, like night
work and perceived discrimination at work, were selected for adjustment because they have
been shown to increase CVD or stroke risk in other studies (12, 14). Heart rate and systolic
and diastolic blood pressure are independent hemodynamic risk factors for CVD (42-44);
however, these factors may also be considered mediators of the OPA-CVD relationship.
Therefore, most analyses were performed both with and without adjustment for these
hemodynamic factors operationalized as rate pressure product, ie, the product of heart rate
and pulse pressure (systolic minus diastolic blood pressure). Pulse pressure and rate pressure
product are independent predictors of CVD risk (45, 46).

Socioeconomic factors including race/ethnicity, income, and education level were examined
as potential confounders but not included in final models because they did not change effect
estimates by >5%. For the same reason, a simple sum diet score (based on participants’
responses to an extensive food frequency questionnaire) and job strain (derived from a 17-
item Job Content Questionnaire) (47), were not included in final models. We assessed the
role of both mistreatment/harassment at work and discrimination at work but adjusted only
for the latter as it was a more inclusive and predictive measure of stroke risk. Heart rate,
systolic blood pressure, and diastolic blood pressure were explored individually as potential
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confounders, but the combined measure (rate pressure product) better controlled
confounding.

LTPA was assessed using metabolic equivalent task (MET) hours per week in concordance
with established guidelines. Participants were asked about all sport/exercise activities
performed during the last 12 months, including the number of hours spent per week on each
activity. Weekly energy expenditures were determined using published MET values for each
activity (48). Each participant’s LTPA was classified based on the World Health
Organization (WHO) guidelines for adults: (i) =150 minutes of moderate-intensity physical
activity (3—<6 MET) per week or (ii) =75 minutes of vigorous physical activity (=6 MET)
per week (49). Those who met both requirements were classified in the latter category to
reflect more intense LTPA. Women who participated in moderate-intensity or vigorous
LTPA, but not for the recommended amount of time per week, were classified as
“insufficient activity time to meet requirements.” Women who only participated in LTPA at
MET values of <3 were categorized as such, as were study participants who did not partake
in any LTPA. This categorization better controlled for confounding by LTPA than explored
alternatives that used both raw and corrected (50) MET values.

Participants were categorized into never, former, and current smokers based on lifetime
smoking history. Alcohol consumption over the past year was ascertained and individuals
were categorized into never drinkers, former drinkers, 1-3 drinks/day, and >3 drinks/day,
following the current alcohol-CVD literature (51, 52).

Height, weight, heart rate, and systolic and diastolic blood pressure were measured during
home visits by trained study personnel. BMI in kg/m? was categorized according to WHO
definitions: underweight (<18.5), normal (18.5-24.9), overweight (25-29.9), obese (30—
34.9), severely obese (35-39.9), and morbidly obese (=40). Blood pressure was measured
after participants sat and rested for a few minutes. Three measurements of systolic and
diastolic pressure were taken 1-2 minutes apart following a left-right-left protocol (53) and
then averaged. Heart rate was measured via palpation of the radial pulse for 60 seconds after
=5 minutes rest.

Night shift work (ever versus never) was assessed at baseline, while discrimination at work
was assessed approximately two years later by a stress and coping follow-up questionnaire.
Separate questions asked if participants had “ever been treated unfairly in job hiring,
promotion or firing due to” sex, age, race/ethnicity, sexual orientation, or illness/medical
condition. One or more “yes” response was classified as ever experiencing discrimination at
work. Missing values (N=3421) were analyzed as a separate category.

Statistical analyses

Multivariable-adjusted Cox regression models estimated HR and 95% CI for OPA and LTPA
as predictors of stroke or TIA, with days since study enrollment as the timescale. Follow-up
was censored at first cerebrovascular event or at 14 August 2015, whichever came first.
Analyses were incrementally adjusted for (i) age; (ii) age and behavioral factors (smoking,
alcohol consumption, BMI, and LTPA); (iii) age, behavioral factors, and work-related factors
(discrimination, night work); and (iv) fully-adjusted for age, behavioral factors, work-related
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factors, and potentially mediating hemodynamic factors (rate pressure product). The
proportionality assumption was assessed by Schoenfeld residuals; if violated, an interaction
term (timexcovariate) was added to the model (54).

Sensitivity analyses stratified by pre-existing CVD because previous studies have noted
differences in disease risk by baseline cardiovascular health status (30, 32, 34, 55). CVD was
assessed by self-reported doctor’s diagnosis of previous myocardial infarction, angina,
congestive heart failure, or arrhythmia; stroke was included as a pre-existing condition in
analyses of TIA, and TIA in analyses of stroke. All analyses used Sister Study data release
5.0.2 and SAS, Version 9.4 (SAS Institute Inc, Cary, NC, USA).

During an average of 5.7 (range, 2.3-10.8) years of follow-up, 441 stroke and 274 TIA
diagnoses were reported, resulting in incidence rates of 221 and 141 per 100 000 person-
years, respectively. A total of 148 participants experienced both a stroke and TIA.
Population characteristics, stratified by outcome, are shown in table 1. Compared with
event-free women, those with a cerebrovascular event during follow-up were older at
baseline, more often smokers, less often current drinkers, less likely to participate in any
LTPA, more likely to report OPA involving continuous walking/movements for both current
and longest held job, and more likely to ever work night shifts or experience discrimination
at work. All hemodynamic measures were higher among those with events. Supplementary
table S1 (add url) shows population characteristics stratified by baseline CVD status.

Table 2 displays HR for OPA and stroke incidence with incremental adjustment for potential
confounders (models 1-4), separately for current and longest held job. Compared with
women mostly sitting at their current job, women sitting and standing equally had a 15%
higher risk for stroke in age-adjusted model 1. Women with high intensity work at their
longest held job experienced a 56% higher risk for stroke compared with those mostly
sitting. This association was driven by women who reported continuous walking or other
movements that raised their heart rate slightly (age-adjusted HR 1.62, 95% CI 1.21-2.18),
and not by the few women with heavy manual labor jobs (age-adjusted HR 1.04; 95% ClI
0.43-2.53). Further adjustment for behavioral, work-related, and hemodynamic factors only
slightly attenuated these risks.

Table 3 displays HR for OPA and TIA incidence. Compared with mostly sitting at current
job, all other levels of OPA were associated with higher risks for TIA and showed a strong
monotonic positive association with TIA incidence across OPA intensity levels, up to a 71%
increased risk for high intensity work. For the longest held job, age-adjusted models showed
a 41% increased risk for TIA with high intensity work (driven by those who reported OPA
involving continuous walking or other movements that slightly raise heart rate). Associations
were moderately attenuated in fully-adjusted models.

Supplementary table S2 shows HR for OPA and any incident cerebrovascular event (stroke
or TIA). For current job, increased risks were observed for all levels of OPA other than
mostly sitting, ranging from 13-17% in fully-adjusted models. For longest held job, only

Scand J Work Environ Health. Author manuscript; available in PMC 2020 December 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al.

Page 7

high intensity OPA was associated with an increased risk for any cerebrovascular event
(fully-adjusted HR 1.27, 95% CI 0.98-1.65), driven by risks associated with continuous
walking or moving (fully-adjusted HR 1.35, 95% CI 1.03-1.76).

Table 4 displays the number of incident stroke cases for each OPA level by baseline CVD
status with fully-adjusted HR and 95% CI. Among women without CVD at baseline, risks
increased monotonically with OPA intensity, with those reporting high intensity work for
their longest held job at the highest risk (HR 1.65, 95% CI 1.17-2.33). Among women with
CVD at baseline, the highest risks for stroke were observed among those who reported
sitting and standing equally in their current job (HR 1.56, 95% CI 1.06-2.31).

For TIA, supplementary table S3 shows substantially increased risks for women without
CVD, specifically for those who reported mostly standing (HR 1.46, 95% CI 1.01-2.11) or
high intensity work (HR 1.52, 95% CI 0.95-2.42) at the current job. Respective risk
estimates based on the longest held job were much lower, and sitting and standing equally
was associated with a decreased risk for TIA (HR 0.68, 95% CI 0.46-1.03). Among women
with CVD, sitting and standing equally at the current job increased TIA risk two-fold (HR
1.98, 95% CI 1.10-3.55), followed by 36% and 33% increases for mostly standing and high
intensity work, respectively. For the longest held job, sitting and standing equally and high
intensity work were associated with 44% and 75% increased risks, respectively.

Analyses stratified by CVD without adjustment by potentially mediating hemodynamic
factors (ie, rate pressure product) showed similar risk patterns for stroke and TIA, with the
exception of TIA where women with CVVD had consistently higher risks. For example,
removing rate pressure product from fully-adjusted models changed the highest TIA risks
from 98% to 127% (HR 2.27, 95% CI 1.28-4.04) for sitting and standing equally at the
current job, and from 45% to 105% (HR 2.05, 95% CI 0.95-4.42) for high intensity OPA at
the longest held job (other results not shown).

LTPA was inversely associated with both stroke and TIA risk (table 5). For stroke, this
inverse relationship was monotonic, with the strongest protective effect for LTPA at >6 MET
for =75 minutes each week (HR 0.64, 95% CI 0.44-0.94) compared with no LTPA. Similar
inverse associations were observed between LTPA and TIA. Associations were similar or
stronger when limited to women without CVD at baseline (results not shown).

Discussion

Summary of main findings

Overall, OPA intensity was positively associated with risks for both stroke and TIA, even
after comprehensive control for confounding factors. Effect estimates varied by specific
exposures, outcomes, and CVD status at baseline. Risks increased with both more standing
and more intense work in a pattern compatible with a positive, monotonic dose-response
relationship between exposure at current job and TIA, and between exposure at longest held
job and stroke. In general, those without CVD at baseline showed monotonic increases in
risk, while those with CVVD showed highest increases in risk with partially standing work
and high intensity OPA. LTPA was inversely associated with both stroke and TIA. Overall,
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results were consistent with our hypothesis of detrimental effects for high intensity OPA and
standing work postures and with protective effects for LTPA; our findings provide further
evidence for the physical activity health paradox.

Comparison with the literature

Only one prospective study previously reported a positive association between OPA and
stroke in women (21). No studies have investigated the role of OPA for TIA, nor have any
specifically examined prolonged standing at work with regard to cerebrovascular disease.
However, our results are consistent with recent prospective cohort studies reporting
increased CVD mortality and all-cause mortality risks with high intensity OPA (23, 25, 28,
30-32). Our observation that standing work is associated with higher risks than sitting work
is consistent with our hypothesis and with the hemodynamic theory of atherosclerosis, which
posits increases in venous pooling, heart rate, and blood pressure as pathophysiological
pathways (39, 56). Previous prospective cohort studies have linked prolonged standing at
work to varicose vein diseases (57, 58), accelerated progression of atherosclerosis (39), and
to a two-fold risk for incident ischemic heart disease (38). While sitting may impose greater
risks than recumbent postures (59), and while sitting at home and total sitting time during
the day have also been associated with increased CVD risks, it is important to note that
sitting at work has not been shown to increase risks compared with standing work postures
(60).

The physical activity health paradox

This concept asserts that high LTPA is beneficial to cardiovascular health, while high OPA is
detrimental (23). Our findings provide, for the first time, empirical epidemiological evidence
for the physical health paradox with regard to cerebrovascular diseases.

Several plausible explanations for this paradox have been suggested (24), including
sustained inflammatory responses and prolonged elevations of heart rate and blood pressure,
all of which are typically associated with OPA but not with LTPA. Inflammation markers
(eg, C-reactive protein) increase during all types of physical activity in the short-term and
remain elevated until the body has recovered (61). High levels of OPA for prolonged periods
during the work day—or over several days—result in elevations of average daily heart rate,
mean blood pressure, and pulse pressure, leading to increases in cyclical pressure- and
stretching-induced arterial wall stress. This results in cumulative arterial endothelial and
medial injury that can lead—especially without sufficient recovery time for repair—to
denudation of the endothelium and trigger small muscle cell proliferation, one of the
proposed mechanisms in the development of atherosclerosis underlying CVD (30, 56, 62,
63). Additionally, elevated resting and average 24-hour heart rate and blood pressure are
known independent risk factors for CVD (64-67). High OPA over extended periods of time
has been shown to increase 24-hour heart rate, an effect not observed with shorter duration
high levels of LTPA (24). For instance, the Belgian Physical Fitness Study reported a more
than 3-fold increased all-cause mortality risk among working men in the upper tertile of
ambulatory 24-hour heart rate (HR 3.21, 95% CI 1.22-8.44) (68). Likewise, prolonged static
OPA and heavy lifting have been shown to elevate blood pressure, even after working hours,
in contrast to LTPA (69). LTPA may also involve heavy lifting, however, it usually occurs for
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short periods of time and under controlled conditions, resulting in little impact on 24-hour
blood pressure. Moreover, short-term high intensity physical training can increase
cardiorespiratory fitness, in turn lowering heart rate during rest and work. This increased
fitness reduces relative aerobic workload (energy expenditure at work expressed as percent
of cardiorespiratory fitness) which has been shown to be a stronger predictor of CVD than
absolute measures of energy expenditure (30, 32).

LTPA also differs from OPA in that LTPA is voluntary and participants are generally in
control of their actions, including how much to do and when and how long to rest.
Conversely, OPA is an employment requirement and employees typically have little control
over work tasks, work hours, work speed, and other psychosocial, organizational, or
ergonomic stressors that may be present in the work environment and determine the type,
intensity, and duration of OPA. Furthermore, OPA is usually performed for longer time
periods and with much less recovery time between and after activities than LTPA. All of
these factors can result in worker exhaustion and fatigue, which are associated with
progression of atherosclerosis (34) and increases in CVD and stroke risk (35-37).

Healthy worker effects

It is important to acknowledge the possible impact of various forms of the so-called “healthy
worker effect,” including the “healthy worker survivor effect,” in analyses of occupational
exposures and health (70). These effects can be described as a continuous selection process
in which healthier workers enter and remain in the workforce while unhealthier workers
select out of the workforce, or certain jobs or job tasks. This typically results in a
conservative bias, ie, attenuation of the effect of any occupational exposure (70, 71). For this
reason, we expect our reported hazard ratios to underestimate the true effect of OPA on
stroke and TIA incidence.

In our study, the healthy worker survivor effect is operating in two main ways. First, we
assume this effect because only women employed at baseline were included in this study.
Women with no occupational history were not eligible for this analysis, and those who
already left the workforce (possibly due to health reasons related to stroke or TIA risk) were
excluded in order to assure direct comparability of OPA exposure assessment based on both
current and longest held job, as previously employed women who were not working at
baseline could only be considered in analyses based on exposure in their longest held job.
Moreover, including these women would introduce misclassification of health behaviors that
are influenced by employment status (72, 73); when analyzing the impact of OPA at times of
employment, adjusting for baseline behaviors (eg, LTPA) reported at times of unemployment
or after retirement could bias adjusted effect estimates in an unpredictable direction. Our
exclusion of women not working at baseline likely resulted in a conservative bias because
the unhealthiest and most at-risk women had already left the workforce before baseline.

Second, sensitivity analyses stratified by baseline CVD status revealed different risk patterns
that are reflective of an additional healthy worker survivor effect. Individuals with CVD at
baseline—who did not leave the workforce entirely because of their disease—may have
instead transitioned from more demanding high intensity work to less demanding, more
sitting work, resulting in an apparent higher risk for cerebrovascular disease in the
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subgroups currently working jobs with lower-middle levels of OPA. Results from
supplementary table S4 support this notion: A larger percentage of individuals reported
higher intensity levels of OPA for their longest held job than for their current job, while a
smaller percentage of women reported lower intensity OPA at their longest held job and
higher intensity OPA at their current job. These patterns were similar or even stronger when
restricted to women with CVD at baseline (supplementary table S5), and specifically
confirm the transition of women with CVD from high to low OPA in this population,
consistent with a healthy worker survivor effect. At the same time, women without CVD at
baseline were able to perform at higher OPA levels and constitute a highly selected group of
the most resilient women with lower a prioririsk for stroke and TIA, resulting in a
downward conservative bias for cerebrovascular disease risks associated with high levels of
OPA.

Consideration of these healthy worker effects is important when interpreting the results of
this study. We reason that the exclusion of women not working at baseline, and the inclusion
of women with pre-existing CVD, led to a conservative bias in effect estimates because the
first group was never in or already left the workforce and the second group was more likely
to change from high to low intensity jobs while being at high risk for cerebrovascular events.
Subsequent cerebrovascular events in women who migrated to lower OPA jobs would inflate
the risk in lower OPA categories while deflating the risk in higher OPA categories. We
therefore believe the true impact of higher intensity OPA on stroke and TIA risk to be
greater than estimated in this study.

Strengths and limitations

Key strengths of this study include large sample size as well as detailed and complete
information on occupational history and most relevant risk factors including socio-
demographic, behavioral, work-related, and hemodynamic characteristics. Potential bias
from exposure misclassification was reduced by the availability and use of relatively detailed
and specific OPA exposure measures. Though this exposure assessment tool has not been
externally validated, its specific and rank-ordered categories are an improvement over
previous studies that relied on non-specific categorizations such as “high” and “low” OPA
that were not clearly linked to specific job characteristics (eg, work postures). Using two
different exposures (current and longest held job) to assess OPA allowed for differentiating
the impact of more recent current and longer-term past exposures on stroke and TIA risk.
Although there is substantial overlap in participant’s reported OPA for current and longest
held job (see supplementary tables S4-5), the observed differences can explain the
respective differential results for stroke and TIA.

Detailed information on important risk factors allowed us to rule out any substantial
confounding by a wide array of covariates that we examined and controlled for in our fully-
adjusted statistical models. Of note, further adjustment for indicators of socioeconomic
status (SES) (ie, race/ethnicity, income, and education) did not substantially change effect
estimates when added to models individually or in various combinations, despite the known
association between SES and cerebrovascular disease (2). While residual confounding by
SES cannot be ruled out completely, our adjustment for confounders closely related to SES
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—such as smoking status, alcohol consumption, BMI, and LTPA—reduces the possibility of
such confounding. Adjustment for blood pressure and heart rate in fully-adjusted models did
attenuate risks and might be considered over-adjustment; hemodynamic factors need to be
considered as both confounders and mediators in the relationship between OPA and
cerebrovascular disease. Mutual adjustment for LTPA and OPA is another important strength
of our study shared by only one other study on physical activity and cerebrovascular disease
(7). By including both LTPA and OPA simultaneously in our analytic models, we were able
to confirm their independent and differential effects are compatible with the physical activity
health paradox, which had not been previously examined for cerebrovascular diseases.

The self-reported nature of OPA exposures and disease outcome is an important limitation.
Specifically, we could not explore the extent to which physical activities differently impact
ischemic and hemorrhagic stroke because self-report on these subtypes was deemed
unreliable and therefore not collected. However, nonfatal stroke cases are more likely to be
ischemic than hemorrhagic and, given the few fatal cases in our sample (N=8), we assume
that most reported stroke cases were ischemic (2, 4). While we were able to confirm a
possible mediating role of hemodynamic factors by examining models with and without
adjustment for the rate pressure product, lack of repeated measures of heart rate and blood
pressure prevented formal mediation analyses. Finally, stroke and TIA are rare diseases and,
despite our large sample size, the relatively short follow-up time (6 years) limited statistical
power and therefore precision of risk estimates. However, our short follow-up time is also a
strength because it minimized the potential for misclassification bias due to unmeasured
changes in exposure and covariates after baseline.

Incidence rates of stroke in our study population are similar to those seen in comparable
populations (74), supporting the generalizability of our results. Yet, studies of other
populations are needed to confirm our findings and to investigate specific dose—response
relationships and thresholds. This requires more comprehensive exposure assessments with
repeated measures of duration, intensity, and the actual combination of different
occupational physical activities, including information on static workloads such as
constrained postures, carrying, lifting, and holding tools, and both upper and lower body
movements to assess static and dynamic OPA intensities. Repeat objective measures based
on accelerometers and heart rate monitors could allow continuous measurement of relative
aerobic workloads that consider the cardiorespiratory fitness of the individual worker as well
as changes over time. Though it may not be feasible to implement observational tools in
large cohort studies spanning several geographic regions, many different workplaces, and
repeat assessments over several years, such observational tools could be used to validate
respective self-report measures. Access to medical records would be desirable in order to
avoid outcome misclassification and to perform stratified analyses by stroke subtype.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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remarks

is study provides further support for the physical activity health paradox and suggests that higher levels of OPA

intensity and prolonged standing at work increase risks for both stroke and TIA among working women, while
WHO recommended levels of LTPA appear to decrease risks for these cerebrovascular diseases.

References
1.

10

11.

12.

13.

Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R et al. Heart Disease and Stroke
Statistics-2017 Update: A Report From the American Heart Association. Circulation 2017
3;135(10):e146-603. 10.1161/CIR.0000000000000485. [PubMed: 28122885]

. Seshadri S, Debette S. Risk factors for cerebrovascular disease and stroke. Oxford; New York:

Oxford University Press; 2016.

. Albers GW, Caplan LR, Easton JD, Fayad PB, Mohr JP, Saver JL et al.; TIA Working Group.

Transient ischemic attack--proposal for a new definition. N Engl J Med 2002 11;347(21):1713-6.
10.1056/NEJMsb020987. [PubMed: 12444191]

. O’Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao-Melacini P et al.; INTERSTROKE

investigators. Risk factors for ischaemic and intracerebral haemorrhagic stroke in 22 countries (the
INTERSTROKE study): a case-control study. Lancet 2010 7;376(9735):112-23. 10.1016/
S0140-6736(10)60834-3. [PubMed: 20561675]

. Bang QY, Ovbiagele B, Kim JS. Nontraditional Risk Factors for Ischemic Stroke: an Update. Stroke

2015 12;46(12):3571-8. 10.1161/STROKEAHA.115.010954. [PubMed: 26514189]

. Larsson SC, Akesson A, Wolk A. Healthy diet and lifestyle and risk of stroke in a prospective cohort

of women. Neurology 2014 11;83(19):1699-704. 10.1212/WNL.0000000000000954. [PubMed:
25298305]

. Hu G, Sarti C, Jousilahti P, Silventoinen K, Barengo NC, Tuomilehto J. Leisure time, occupational,

and commuting physical activity and the risk of stroke. Stroke 2005 9;36(9):1994-9.
10.1161/01.STR.0000177868.89946.0c [PubMed: 16081862]

. Willey JZ, Voutsinas J, Sherzai A, Ma H, Bernstein L, Elkind MS et al. Trajectories in Leisure-Time

Physical Activity and Risk of Stroke in Women in the California Teachers Study. Stroke 2017
9;48(9):2346-52. 10.1161/STROKEAHA.117.017465. [PubMed: 28794273]

. Nakayama T, Date C, Yokoyama T, Yoshiike N, Yamaguchi M, Tanaka H. A 15.5-year follow-up

study of stroke in a Japanese provincial city. The Shibata Study. Stroke 1997 1;28(1):45-52.
10.1161/01.STR.28.1.45. [PubMed: 8996487]

. Paffenbarger RS, Gima AS, Laughlin E, Black RA. Characteristics of longshoremen related fatal
coronary heart disease and stroke. Am J Public Health 1971 7;61(7):1362—-70. 10.2105/
AJPH.61.7.1362 [PubMed: 5563255]

Kivimaki M, Jokela M, Nyberg ST, Singh-Manoux A, Fransson El, Alfredsson L et al. Long
working hours and risk of coronary heart disease and stroke: a systematic review and meta-
analysis of published and unpublished data for 603,838 individuals. Lancet.
2015;386(10005):1739-46. [PubMed: 26298822]

Brown DL, Feskanich D, Sanchez BN, Rexrode KM, Schernhammer ES, Lisabeth LD. Rotating
night shift work and the risk of ischemic stroke. Am J Epidemiol 2009 6;169(11):1370-7.
10.1093/aje/kwp056. [PubMed: 19357324]

Fransson El, Nyberg ST, Heikkil& K, Alfredsson L, Bjorner JB, Borritz M et al. Job strain and the
risk of stroke: an individual-participant data meta-analysis. Stroke 2015 2;46(2):557-9. 10.1161/
STROKEAHA.114.008019. [PubMed: 25563644]

14. Udo T, Grilo CM. Cardiovascular disease and perceived weight, racial, and gender discrimination

15.

Scand

in U.S. adults. J Psychosom Res 2017 9;100:83-8. 10.1016/j.jpsychores.2017.07.007. [PubMed:
28720250]

Tuchsen F, Hannerz H, Roepstorff C, Krause N. Stroke among male professional drivers in
Denmark, 1994-2003. Occup Environ Med 2006 7;63(7):456—60. 10.1136/0em.2005.025718.
[PubMed: 16735481]

J Work Environ Health. Author manuscript; available in PMC 2020 December 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 13

Weimar C, Kraywinkel K, Rédl J, Hippe A, Harms L, Kloth A et al.; German Stroke Data Bank
Collaborators. Etiology, duration, and prognosis of transient ischemic attacks: an analysis from the
German Stroke Data Bank. Arch Neurol 2002 10;59(10):1584-8. 10.1001/archneur.59.10.1584.
[PubMed: 12374496]

Okada H, Horibe H, Yoshiyuki O, Hayakawa N, Aoki N. A prospective study of cerebrovascular
disease in Japanese rural communities, Akabane and Asahi. Part 1: evaluation of risk factors in the
occurrence of cerebral hemorrhage and thrombosis. Stroke 1976 11-12;7(6):599-607.
10.1161/01.STR.7.6.599. [PubMed: 1006736]

Kumar A, Prasad M, Kathuria P. Sitting occupations are an independent risk factor for Ischemic
stroke in North Indian population. Int J Neurosci 2014 10;124(10):748-54.
10.3109/00207454.2013.879130. [PubMed: 24397501]

Salonen JT, Puska P, Tuomilehto J. Physical activity and risk of myocardial infarction, cerebral
stroke and death: a longitudinal study in Eastern Finland. Am J Epidemiol 1982 4;115(4):526-37.
10.1093/oxfordjournals.aje.a113334. [PubMed: 7072702]

Lapidus L, Bengtsson C. Socioeconomic factors and physical activity in relation to cardiovascular
disease and death. A 12 year follow up of participants in a population study of women in
Gothenburg, Sweden. Br Heart J 1986 3;55(3):295-301. 10.1136/hrt.55.3.295. [PubMed:
3954912]

Evenson KR, Rosamond WD, Cai J, Toole JF, Hutchinson RG, Shahar E et al. Physical activity and
ischemic stroke risk. The atherosclerosis risk in communities study. Stroke 1999 7;30(7):1333-9.
10.1161/01.STR.30.7.1333 [PubMed: 10390304]

Baecke JA, Burema J, Frijters JE. A short questionnaire for the measurement of habitual physical
activity in epidemiological studies. Am J Clin Nutr 1982 11;36(5):936—42. 10.1093/ajcn/36.5.936
[PubMed: 7137077]

Holtermann A, Hansen JV, Burr H, Sggaard K, Sjegaard G. The health paradox of occupational
and leisure-time physical activity. Br J Sports Med 2012 3;46(4):291-5. 10.1136/
bjsm.2010.079582 [PubMed: 21459873]

Holtermann A, Krause N, van der Beek AJ, Straker L. The physical activity paradox: six reasons
why occupational physical activity (OPA) does not confer the cardiovascular health benefits that
leisure time physical activity does. Br J Sports Med 2018 2;52(3):149-50. [PubMed: 28798040]

Li J, Loerbroks A, Angerer P. Physical activity and risk of cardiovascular disease: what does the
new epidemiological evidence show? Curr Opin Cardiol 2013 9;28(5):575-83. 10.1097/
HCO0.0b013e328364289c. [PubMed: 23928923]

Kukkonen-Harjula K Physical activity and cardiovascular health-work and leisure differ. Scand J
Work Environ Health 2007 12;33(6):401-4. 10.5271/sjweh.1161.

Karlgvist LK, Harenstam A, Leijon O, Schéele P, MOA Research Group. Excessive physical
demands in modern worklife and characteristics of work and living conditions of persons at risk.
Scand J Work Environ Health 2003 10;29(5):363-77. 10.5271/sjweh.743. [PubMed: 14584517]

Coenen P, Huysmans MA, Holtermann A, Krause N, van Mechelen W, Straker LM et al. Do highly
physically active workers die early? A systematic review with meta-analysis of data from 193 696
participants. Br J Sports Med 2018 10;52(20):1320-6. 10.1136/bjsports-2017-098540. [PubMed:
29760168]

Coenen P, Willenberg L, Parry S, Shi JW, Romero L, Blackwood DM et al. Associations of
occupational standing with musculoskeletal symptoms: a systematic review with meta-analysis. Br
J Sports Med 2018 2;52(3):176-83. 10.1136/bjsports-2016-096795. [PubMed: 27884862]

Krause N, Brand RJ, Kaplan GA, Kauhanen J, Malla S, Tuomainen TP et al. Occupational physical
activity, energy expenditure and 11-year progression of carotid atherosclerosis. Scand J Work
Environ Health 2007 12;33(6):405-24. 10.5271/sjweh.1171. [PubMed: 18327509]

Krause N, Arah OA, Kauhanen J. Physical activity and 22-year all-cause and coronary heart
disease mortality. Am J Ind Med 2017 11;60(11):976-90. 10.1002/ajim.22756 [PubMed:
28940659]

Krause N, Brand RJ, Arah OA, Kauhanen J. Occupational physical activity and 20-year incidence
of acute myocardial infarction: results from the Kuopio Ischemic Heart Disease Risk Factor Study.
Scand J Work Environ Health 2015 3;41(2):124-39. 10.5271/sjweh.3476. [PubMed: 25599524]

Scand J Work Environ Health. Author manuscript; available in PMC 2020 December 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 14

Shih IF, Liew Z, Krause N, Ritz B. Lifetime occupational and leisure time physical activity and
risk of Parkinson’s disease. Parkinsonism Relat Disord 2016 7;28:112—7. 10.1016/
j.parkreldis.2016.05.007. [PubMed: 27177695]

Krause N, Brand RJ, Kauhanen J, Kaplan GA, Syme SL, Wong CC et al. Work time and 11-year
progression of carotid atherosclerosis in middle-aged Finnish men. Prev Chronic Dis 2009
1;6(1):A13. [PubMed: 19080019]

Kang MY, Park H, Seo JC, Kim D, Lim YH, Lim S et al. Long working hours and cardiovascular
disease: a meta-analysis of epidemiologic studies. J Occup Environ Med 2012 5;54(5):532-7.
10.1097/JOM.0b013e31824fe192. [PubMed: 22576460]

Lee DW, Hong YC, Min KB, Kim TS, Kim MS, Kang MY. The effect of long working hours on
10-year risk of coronary heart disease and stroke in the Korean population: the Korea National
Health and Nutrition Examination Survey (KNHANES), 2007 to 2013. Ann Occup Environ Med
2016 11;28:64 10.1186/s40557-016-0149-5. [PubMed: 27891238]

Collins S Occupational factors, fatigue, and cardiovascular disease. Cardiopulm Phys Ther J 2009
6;20(2):28-31. [PubMed: 20467535]

Smith P, Ma H, Glazier RH, Gilbert-Ouimet M, Mustard C. The Relationship Between
Occupational Standing and Sitting and Incident Heart Disease Over a 12-Year Period in Ontario,
Canada. Am J Epidemiol 2018 1;187(1):27-33. 10.1093/aje/kwx298. [PubMed: 29020132]

Krause N, Lynch JW, Kaplan GA, Cohen RD, Salonen R, Salonen JT. Standing at work and
progression of carotid atherosclerosis. Scand J Work Environ Health 2000 6;26(3):227-36.
10.5271/sjweh.536. [PubMed: 10901115]

Sandler DP, Hodgson ME, Deming-Halverson SL, Juras PS, D’ Aloisio AA, Suarez LM et al.;
Sister Study Research Team. The Sister Study Cohort: Baseline Methods and Participant
Characteristics. Environ Health Perspect 2017 12;125(12):127003 10.1289/EHP1923. [PubMed:
29373861]

Smith L, McCourt O, Sawyer A, Ucci M, Marmot A, Wardle J et al. A review of occupational
physical activity and sedentary behaviour correlates. Occup Med (Lond) 2016 4;66(3):185-92.
10.1093/occmed/kqv164. [PubMed: 27016747]

Cooney MT, Vartiainen E, Laatikainen T, Juolevi A, Dudina A, Graham IM. Elevated resting heart
rate is an independent risk factor for cardiovascular disease in healthy men and women. Am Heart
J. 2010;159(4):612-619 3. [PubMed: 20362720]

MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J et al. Blood pressure, stroke, and
coronary heart disease. Part 1, Prolonged differences in blood pressure: prospective observational
studies corrected for the regression dilution bias. Lancet 1990 3;335(8692):765-74.
10.1016/0140-6736(90)90878-9. [PubMed: 1969518]

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Prospective Studies Collaboration. Age-
specific relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data
for one million adults in 61 prospective studies. Lancet 2002 12;360(9349):1903-13. 10.1016/
S0140-6736(02)11911-8 [PubMed: 12493255]

Blacher J, Staessen JA, Girerd X, Gasowski J, Thijs L, Liu L et al. Pulse pressure not mean
pressure determines cardiovascular risk in older hypertensive patients. Arch Intern Med 2000
4;160(8):1085-9. 10.1001/archinte.160.8.1085. [PubMed: 10789600]

Wang A, Tao J, Guo X, Liu X, Luo Y, Liu X et al. The product of resting heart rate times blood
pressure is associated with high brachial-ankle pulse wave velocity. PLoS One 2014
9;9(9):2107852 10.1371/journal.pone.0107852. [PubMed: 25225895]

Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P, Amick B. The Job Content
Questionnaire (JCQ): an instrument for internationally comparative assessments of psychosocial
job characteristics. J Occup Health Psychol 1998 10;3(4):322-55. 10.1037/1076-8998.3.4.322.
[PubMed: 9805280]

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-Locke C et al. 2011
Compendium of Physical Activities: a second update of codes and MET values. Med Sci Sports
Exerc 2011 Aug;43(8):1575-81. 10.1249/MSS.0b013e31821ecel2. [PubMed: 21681120]

World Health Organization. Global Recommendations on Physical Activity for Health. Geneva;
2010.

Scand J Work Environ Health. Author manuscript; available in PMC 2020 December 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 15

Kozey S, Lyden K, Staudenmayer J, Freedson P. Errors in MET estimates of physical activities
using 3.5 ml x kg(-1) x min(-1) as the baseline oxygen consumption. J Phys Act Health 2010
7,7(4):508-16. 10.1123/jpah.7.4.508. [PubMed: 20683093]

Zhang C, Qin YY, Chen Q, Jiang H, Chen XZ, Xu CL et al. Alcohol intake and risk of stroke: a
dose-response meta-analysis of prospective studies. Int J Cardiol 2014 7;174(3):669-77. 10.1016/
j.ijcard.2014.04.225. [PubMed: 24820756]

Reynolds K, Lewis B, Nolen JD, Kinney GL, Sathya B, He J. Alcohol consumption and risk of
stroke: a meta-analysis. JAMA 2003 2;289(5):579-88. 10.1001/jama.289.5.579. [PubMed:
12578491]

Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN et al. Recommendations for blood
pressure measurement in humans and experimental animals: part 1: blood pressure measurement in
humans: a statement for professionals from the Subcommittee of Professional and Public
Education of the American Heart Association Council on High Blood Pressure Research.
Circulation 2005 2;111(5):697-716. 10.1161/01.CIR.0000154900.76284.F6. [PubMed: 15699287]

Cox DR. Regression Models and Life-Tables. J R Stat Soc B 1972;34(2):187-220.

Wang A, Arah OA, Kauhanen J, Krause N. Work schedules and 11-year progression of carotid
atherosclerosis in middle-aged Finnish men. Am J Ind Med 2015 1;58(1):1-13. 10.1002/
ajim.22388. [PubMed: 25349029]

Glagov S, Zarins C, Giddens DP, Ku DN. Hemodynamics and atherosclerosis. Insights and
perspectives gained from studies of human arteries. Arch Pathol Lab Med 1988 10;112(10):1018-
31. [PubMed: 3052352]

Tuchsen F, Hannerz H, Burr H, Krause N. Prolonged standing at work and hospitalisation due to
varicose veins: a 12 year prospective study of the Danish population. Occup Environ Med 2005
12;62(12):847-50. 10.1136/0em.2005.020537. [PubMed: 16299093]

Tabatabaeifar S, Frost P, Andersen JH, Jensen LD, Thomsen JF, Svendsen SW. Varicose veins in
the lower extremities in relation to occupational mechanical exposures: a longitudinal study.
Occup Environ Med 2015 5;72(5):330-7. 10.1136/0emed-2014-102495 [PubMed: 25575530]

Pekarski SE. A gravitational hypothesis of essential hypertension as a natural adaptation to
increased gravitational stress caused by regular, prolonged sitting typical of modern life. Med Sci
Monit 2004 6;10(6):HY27-32. [PubMed: 15173676]

Do Sit-Stand WI. Do Sit-Stand Workstations Improve Cardiovascular Health? J Occup Environ
Med 2018 7;60(7):€319-20. 10.1097/JOM.0000000000001351 [PubMed: 29677023]

Kasapis C, Thompson PD. The effects of physical activity on serum C-reactive protein and
inflammatory markers: a systematic review. J Am Coll Cardiol 2005 5;45(10):1563-9. 10.1016/
jjacc.2004.12.077. [PubMed: 15893167]

Ku DN, Giddens DP, Zarins CK, Glagov S. Pulsatile flow and atherosclerosis in the human carotid
bifurcation. Positive correlation between plaque location and low oscillating shear stress.
Avrteriosclerosis 1985 5-6;5(3):293-302. 10.1161/01.ATV.5.3.293. [PubMed: 3994585]
Thubrikar M Vascular mechanics and pathology. New York: Springer; 2007.

Palatini P, Julius S. Elevated heart rate: a major risk factor for cardiovascular disease. Clin Exp
Hypertens 2004 10-11;26(7-8):637-44. 10.1081/CEH-200031959. [PubMed: 15702618]
Palatini P Heart rate: a strong predictor of mortality in subjects with coronary artery disease. Eur
Heart J 2005 5;26(10):943-5. 10.1093/eurheartj/ehi235 [PubMed: 15774492]

Palatini P Elevated heart rate as a predictor of increased cardiovascular morbidity. J Hypertens
Suppl 1999 8;17(3):S3-10.

He J, Whelton PK. Elevated systolic blood pressure as a risk factor for cardiovascular and renal
disease. J Hypertens Suppl 1999 6;17(2):S7-13.

Korshgj M, Lidegaard M, Kittel F, Van Herck K, De Backer G, De Bacquer D et al. The relation of
ambulatory heart rate with all-cause mortality among middle-aged men: a prospective cohort
study. PLoS One 2015 3;10(3):e0121729 10.1371/journal.pone.0121729. [PubMed: 25811891]

Clays E, De Bacquer D, Van Herck K, De Backer G, Kittel F, Holtermann A. Occupational and
leisure time physical activity in contrasting relation to ambulatory blood pressure. BMC Public
Health 2012 11;12:1002 10.1186/1471-2458-12-1002. [PubMed: 23164344]

Scand J Work Environ Health. Author manuscript; available in PMC 2020 December 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hall et al.

Page 16

70. Arrighi HM, Hertz-Picciotto . The evolving concept of the healthy worker survivor effect.
Epidemiology 1994 3;5(2):189-96. 10.1097/00001648-199403000-00009 [PubMed: 8172994]

71. Checkoway H, Pearce N, Kriebel D. Research methods in occupational epidemiology. 2nd ed. New
York: Oxford University Press; 2004.

72. Merchant JA, Kelly KM, Burmeister LF, Lozier MJ, Amendola A, Lind DP et al. Employment
status matters: a statewide survey of quality-of-life, prevention behaviors, and absenteeism and
presenteeism. J Occup Environ Med 2014 7;56(7):686—98. 10.1097/JOM.0000000000000149.
[PubMed: 24988095]

73. Kachan D, Fleming LE, Christ S, Muennig P, Prado G, Tannenbaum SL et al. Health Status of
Older US Workers and Nonworkers, National Health Interview Survey, 1997-2011. Prev Chronic
Dis 2015 9;12:E162 10.5888/pcd12.150040. [PubMed: 26402052]

74. Madsen TE, Khoury J, Alwell K, Moomaw CJ, Rademacher E, Flaherty ML et al. Sex-specific
stroke incidence over time in the Greater Cincinnati/Northern Kentucky Stroke Study. Neurology
2017 9;89(10):990-6. 10.1212/WNL.0000000000004325. [PubMed: 28794254]

Scand J Work Environ Health. Author manuscript; available in PMC 2020 December 18.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Hall et al. Page 17

Table 1.

Characteristics of the study population, stratified by cerebrovascular disease event status. Sister Study, 2004—
2015, N=31 270. [SD=standard deviation; MET=metabolic equivalent task.]

Characteristic No cerebrovascula;gz\%/ent reported (N=30 Cerebrovascular event reported a
) (N=567)
N % Mean SD N % Mean SD

Age 53.0 7.6 57.7 8.0
Race/ethnicity

Non-Hispanic White 25295 82.4 452 79.7

Non-Hispanic Black 3146 10.3 74 131

Hispanic 1450 4.7 24 4.2

Other 802 2.6 17 3.0

Missing 10 0.0 0 0.0
Occupational physical activity (OPA), current job

Mostly sitting 16 808 54.7 282 49.7

Sitting and standing equally 6546 21.3 132 23.3

Mostly standing 4790 15.6 97 17.1

Continuous walking/movements b 2292 5 50 88

Heavy manual labor ¢ 261 0.9 6 11

Sporadic heavy manual labor 6 0.0 0 0.0
Occupational physical activity, longest held job

Mostly sitting 14 895 48.5 267 47.1

Sitting and standing equally 6766 22.0 115 20.3

Mostly standing 5704 18.6 106 18.7

Continuous walking/movements a 2910 95 n 129

Heavy manual labor € 424 1.4 6 11

Sporadic heavy manual labor 4 0.0 0 0.0
Leisure-time physical activity

None 5311 17.3 130 229

Insufficient activity time to meet requirements 18 106 59.0 321 56.6

All activity <3 MET 1108 3.6 28 4.9

3—<6 MET for 2150 minutes/week 1527 5.0 34 6.0

26 MET for 275 minutes/week 4651 15.2 54 9.5
Alcohol consumption

Never drinker 933 3.0 29 5.1

Former drinker 4124 13.4 112 19.8

<1-3 drinks/day 25414 82.8 422 74.4

>3 drinks/day 190 0.6 1 0.2

Missing 42 0.1 3 0.5
Smoking status

Never smoker 17 820 58.0 282 49.7
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Characteristic No cerebrovascula%e:\%/ent reported (N=30 Cerebrovascular event reported a
) (N=567)
N % Mean SD N % Mean SD

Former smoker 10 287 335 221 40.0

Current smoker 2583 8.4 64 11.3

Missing 13 0.0 0 0.0
Body mass index (kg/m?)

<185 315 1.0 8 1.4

18.5-24.9 11578 37.7 148 26.1

25.0-29.9 9576 31.2 167 29.5

30.0-34.9 5239 17.1 147 259

35.0-39.9 2456 8.0 62 10.9

240.0 1530 5.0 35 6.2

Missing 9 0.0 0 0.0
Ever face discrimination at work

Yes 7077 23.1 180 31.8

No 20272 66.0 320 56.4

Missing 3354 10.9 67 11.8
Ever work night shifts

Yes 9432 30.7 195 344

No 21271 69.3 372 65.6
Resting heart rate 69.0 8.2 70.2 8.5
Systolic blood pressure 114.0 133 119.7 14.9
Diastolic blood pressure 72.6 8.8 74.5 8.8
Pulse pressure 414 9.1 45.2 11.2
Rate pressure product © 2862.4 730.8 3178.7 930.5

a. . Lo . .
Defined by reported stroke or transient ischemic attack during follow-up.

b . . . .
Self-reported OPA as “continuous walking or other movements that increase your heart rate slightly”.

C, . . .
Self-reported OPA as “heavy manual labor that causes sweating or increases your heart substantially”.

a ) .
Rate pressure product defined as the product of pulse pressure and resting heart rate.
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Table 2.

Occupational physical activity and incident stroke (N=441). Hazard ratios (HR) and 95% confidence intervals
(CI) from Cox regression analyses with incremental adjustment for potential confounders. Sister Study, 2004—
2015, N=31 270.

Model 12 Model 2° Model 3¢ Model 49
Occupational physical activity N Case/Exposed
HR 95% ClI HR 95% CI HR 95% ClI HR 95% ClI
Current job
Mostly sitting 221/16287  1.00 1.00 1.00 1.00
Sitting and standing equally 103/6386 1.15 0.91-1.45 1.18 0.93-1.49 1.19 0.94-151 1.18 0.93-1.49
Mostly standing 67/4656 1.03 0.78-1.35 1.04 0.79-1.36 1.06 0.80-1.39 1.05 0.80-1.39
High intensity work 40/2477 124 088-1.73 112 0.80-156 111 0.79-156 1.11 0.79-1.56
Continuous walking/movements 35/2225 120 0.84-1.72 110 0.77-157 110 0.77-157 110 0.77-1.57
Heavy manual labor 5/252 152 0.63-3.68 127 0.52-3.08 1.24 0.51-3.02 121 0.50-2.95
Longest held job
Mostly sitting 194/14444  1.00 1.00 1.00 1.00
Sitting and standing equally 94/6586 1.01 0.79-1.29 1.03 0.80-1.32 1.03 0.80-1.32 1.02 0.80-1.31
Mostly standing 80/5549 1.05 0.81-1.36 1.03 0.79-1.34 1.04 0.80-1.35 1.04 0.80-1.35
High intensity work 63/3227 156 1.17-2.07 146 1.09-194 145 1.08-194 144 1.08-1.93
Continuous walking/movements 58/2821 162 1.21-2.18 154 1.15-2.07 153 114-2.07 153 1.13-2.06
Heavy manual labor 5/406 1.04 043-253 0.88 0.36-2.15 0.89 0.36-2.16 0.87 0.36-2.13

aModeI 1 adjusts for age.
bModeI 2 adjusts for age, leisure-time physical activity, alcohol, smoking, and body mass index.
cModeI 3 adjusts for age, leisure-time physical activity, alcohol, smoking, body mass index, discrimination at work, and night work.

dModeI 4 adjusts for age, leisure-time physical activity, alcohol, smoking, body mass index, discrimination at work, night work, and rate pressure
product.
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Occupational physical activity and incident transient ischemic attack (N=274). Hazard ratios (HR) and 95%
confidence intervals (CI) from Cox regression analyses with incremental adjustment for potential confounders.
Sister Study, 2004-2015, N=31 270.

Model 12 Model 2° Model 3° Model 49
Occupational physical activity N Case/ Exposed
HR 95% CI HR 95% CI HR 95% CI HR 95% ClI
Current job
Mostly sitting 122/16119 1.00 1.00 1.00 1.00
Sitting and standing equally 64/6338 1.29 0.96-1.75 130 0.96-1.77 131 097-1.78 137 1.01-1.88
Mostly standing 50/4612 139 1.00-1.93 137 0.98-190 140 1.01-1.96 151 1.08-2.12
High intensity work 31/2453 1.71 1.15-254 155 1.04-231 152 1.02-2.27 157 1.04-2.38
Continuous walking/movements 28/2207 1.72 1.14-259 156 1.03-2.36 153 1.00-2.33 1.60 1.04-2.45
Heavy manual labor 3/246 164 052-515 149 047-471 143 0.45-451 136 0.43-4.35
Longest held job
Mostly sitting 127/14315 1.00 1.00 1.00 1.00
Sitting and standing equally 48/6525 0.79 0.57-1.10 0.82 059-1.14 082 059-1.15 0.84 0.60-1.17
Mostly standing 54/5485 1.08 0.79-1.49 101 0.74-140 1.03 0.75-142 0.88 0.62-1.24
High intensity work 38/3197 141 0.98-2.03 132 092-190 128 0.88-1.86 1.26 0.86-1.82
Continuous walking/movements 36/2795 152 1.05-2.20 143 0.99-2.07 139 095-2.03 137 0.93-2.00
Heavy manual labor 2/402 0.62 0.15-251 056 0.14-2.25 054 0.13-2.18 052 0.13-2.10

aModeI 1 adjusts for age.

bModeI 2 adjusts for age, leisure-time physical activity, alcohol, smoking, and body mass index.

cModeI 3 adjusts for age, leisure-time physical activity, alcohol, smoking, body mass index, discrimination at work, and night work.

Model 4 adjusts for age, leisure-time physical activity, alcohol, smoking, body mass index, discrimination at work, night work, and rate pressure

product.
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Table 4.

Occupational physical activity and incident stroke (N=441) by baseline cardiovascular disease (CVD). Hazard
ratios (HR) and 95% confidence intervals (Cl) from fully-adjusted Cox regression models. Sister Study, 2004—
2015, N=31 270.

Occupational physical activity Cardiovascular disease status at baseline

Without CVD (N=24 974) With CVD a(N=6076)

N Case/Exposed HR b 95% CI N Case/Exposed HR b 95% CI

Current job

Mostly sitting 147/13 078 1.00 74/3209 1.00

Sitting and standing equally 63/5154 1.06 0.79-1.43 40/1232 156 1.06-2.31

Mostly standing 49/3751 1.16 0.84-1.60 18/905 0.95 0.56-1.61

High intensity work 27/1975 122 0.80-1.84 13/502 118 0.65-2.15
Longest held job

Mostly sitting 125/11 648 1.00 69/2796 1.00

Sitting and standing equally 59/5278 1.01 0.74-1.38 35/1308 1.24 0.82-1.88

Mostly standing 56/4444 1.15 0.84-1.58 24/1105 0.97 0.60-1.55

High intensity work 46/2588 165 1.17-2.33 17/639 117 0.68-2.03

a. . . . . . . . . - .
Defined by self-reported doctor’s diagnosis of congestive heart failure, mitral valve prolapse, arrhythmia, TIA, angina, or myocardial infarction at
baseline.

Models adjust for age, leisure-time physical activity, alcohol, smoking, body mass index, discrimination at work, night work, and rate pressure
product.
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Leisure-time physical activity (LTPA) and incident stroke and transient ischemic attack. Hazard ratios (HR)
and 95% confidence intervals (CI) from fully-adjusted Cox regression analyses. Sister Study, 2004-2015,

N=31 270. [MET=metabolic equivalent task.]

LTPA @ Stroke (N=441) TIA (N=274)

N Case/Exposed HR b 95% CI N Case/Exposed HR b 95% CI
No LTPA 103/5099 1.00 65/5061 1.00
All activity <3 MET 24/1072 0.97 0.62-1.51 13/1050 0.76 0.41-1.42
Insufficient activity to meet requirements 247/17603  0.82 0.65-1.04 145/17421  0.87 0.64-1.19
Meets requirement of 3—<6 MET at 2150 minutes/week 19/1499 0.72 0.44-1.19 19/1489 0.80 0.46-1.40
Meets requirement of >6 MET at 275 minutes/week 38/4533 0.64 0.44-0.94 25/4501 0.69 0.42-1.13

a . . . . . . e
LTPA categorized according to WHO recommendation-based categories; those who met both requirements listed were classified in the latter

category in order to reflect more intense LTPA

Models adjust for age, occupational physical activity (current job), alcohol, smoking, body mass index, discrimination at work, night work, and

rate pressure product
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