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1 | INTRODUCTION

| Onyebuchi A. Arah MD, MSc, DSc, MPH, PhD? |

Background: This study explores the effects of occupational (OPA) and leisure time
physical activity (LTPA) on mortality relative to cardiorespiratory fitness and pre-
existing coronary heart disease (CHD).

Methods: Associations between OPA, measured as energy expenditure (kcal/day) and
relative aerobic workload (%VO,max), LTPA, and 22-year mortality among 1891
Finnish men were assessed by Cox regression models stratified by CHD and adjusted
for 19 confounders.

Results: In fully adjusted models, each 10% of relative aerobic workload increased all-
cause mortality by 13% and CHD mortality 28% (P < 0.01). Compared to healthy
subjects, men with CHD experienced lower mortality risks due to OPA and higher risks
due to LTPA. While LTPA had no effect among healthy men, in men with CHD each
weekly hour of conditioning LTPA increased all-cause mortality risks by 10% and CHD
mortality by14%.

Conclusion: OPA was positively associated with both all-cause and CHD mortality.

LTPA was not protective. Among men with CHD, LTPA increased mortality risks.

KEYWORDS
cardiorespiratory fitness, energy expenditure, physical workload, prospective study, relative
aerobic workload
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The beneficial effects of leisure time physical activity (LTPA) on the
circulatory system are well established,! but the literature on the
health effects of occupational physical activity (OPA) remains
inconsistent.? A meta-analysis of 21 prospective studies published
between 1980 and 2010 concluded that both LTPA and moderate
levels of OPA were beneficial for cardiovascular health.® In contrast, an
updated meta-analysis of 23 prospective cohort studies published
between 2011 and 2013 concluded that moderate and high levels of
OPA are associated with an increased cardiovascular disease (CVD)

risk.2 Similarly, studies on CVD mortality and all-cause mortality have
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evidence for a paradoxical effect of physical activity where LTPA
appears beneficial and OPA detrimental to cardiovascular health and
longevity in the same study population.2>2°-22 Other studies indicated a
u-shaped dose-response relationship between OPA and mortality with
elevated risks associated with both sedentary and heavy work.2%-2° A
recent study found OPA to be beneficial but heavy lifting work to be
detrimental, especially if combined with low OPA and low LTPA pointing
to interactions between different types of physical activity.?¢

Further, interactions of OPA with physical fitness reported for
coronary heart disease (CHD) mortality?” indicate that a discrepancy of
physical job demands and individual aerobic work capacity (cardiore-

spiratory fitness) may determine the health effects of OPA. This has
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beenin fact demonstrated directly in the Kuopio Ischemic Heart Disease
Risk Factor Study where individual measures of this discrepancy
(relative aerobic workload or strain and percent oxygen reserve) but not
absolute energy expenditure at work (kcal/day) predicted both 11-year
progression of atherosclerosis and incidence of acute myocardial
infarction (AMI).282° However, there have been no studies of mortality
using these relative measures of energy expenditure at work even
though recommendations for safe levels of OPA are generally based on
individual assessments of relative aerobic strain.*°

This study, therefore, investigates if identical measures of OPA
predict all-cause and CHD mortality in the same Finnish population-based
sample where their effects on progression of atherosclerosis and
incidence of AMI have already been investigated.?®2? Differences in
effect sizes between the non-symptomatic pre-clinical outcome (progres-
sion of atherosclerosis) and the symptomatic clinical outcomes (morbidity
and mortality) can be utilized to assess the magnitude of the expected
selection bias called “healthy worker effect” that may dilute, mask, or even
reverse any true positive association between OPA and CVD. Workers
with symptomatic CHD (activity-related chest pain) may leave physical
demanding jobs (or not take them in the first place) leading to an
accumulation of relatively more healthy workers with lower mortality risk
in high OPA jobs and thus diluting any associated OPA risks while at the
same time inflating the mortality risks in low OPA jobs. Such selection
effects will not be triggered by asymptomatic atherosclerosis. Comparing
the diluted effect of OPA on mortality in this study with the non-diluted
effect on atherosclerosis in an earlier study of this cohort allows us to
estimate the magnitude of this conservative selection bias.

This study will also address other methodological issues that may
be responsible for the inconsistent literature on OPA and CVD, namely
(i) reduce exposure misclassification bias by combining individual
objective measures of cardiorespiratory fitness with detailed validated
energy expenditure measures at work and their analysis as continuous
rather than crude categorical variables; (ii) reduce confounding bias by
adjustment for a comprehensive set of 19 demographic, biological,
behavioral, and psychosocial CVD risk factors; and (iii) separately
examine risks among workers without and with baseline CHD rather
than excluding this vulnerable subgroup as has been common practice
in most cohort studies. In aging worker populations, CHD is highly
prevalent and these workers are generally less physically fit and
therefore disproportionally at risk to experience excessive relative
aerobic workloads at absolute levels of energy expenditure that may
be safe for workers without CHD. In fact, in this study population, men
with CHD were exposed to slightly higher absolute aerobic workloads
than healthy men and over 50% of them were found to be exposed to
relative aerobic strain in excess of the recommended maximum levels
compared to about 28% of men without CHD.?®

This study aimed to determine how OPA and LTPA were
associated with mortality accounting for pre-existing CVD and
known cardiovascular risk factors, statistical model specification, and
healthy worker selection effects. Specifically, we investigated five
hypotheses: (i) OPA is positively associated with mortality even after
comprehensive adjustment for potential confounders; (i) OPA
interacts positively with baseline CVD at baseline, specifically,

men with CVD have a higher mortality risk associated with OPA
compared to healthy men; (iii) estimates of the effects of OPA
depend on the choice of analytic model; (iv) mortality risks of OPA
are underestimated due to the healthy worker effect; and (v) LTPA is
negatively associated with mortality.

2 | STUDY POPULATION AND METHODS

2.1 | Study population

Subjects were participants in the prospective Kuopio Ischemic Heart
Disease (KIHD) Risk Factor Study, an age-stratified population-based
30% random ethnically homogeneous®! sample of Eastern Finnish
men, residing in the city of Kuopio or its surrounding rural
communities. Details of the study population have been published
elsewhere.®233 Of 3433 eligible men aged 42, 48, 54, or 60 years, 198
could not be included because of death, serious disease, or migration
away from the area. Two thousand six hundred eighty-two (82.9%)
agreed to participate and underwent baseline examinations between
March 1984 and December 1989. Repeat examinations were
conducted after 4 and 11 years; however, in this study this information
was only used in a few instances for substituting missing baseline
values in the large baseline sample. Only baseline information was
available for relative measures of energy expenditure (EE) at work used
in this study. Participants who were not working at all at baseline or in
the 12 months prior (n = 791) were excluded. The final study sample
included 1891 participants with complete information on all key
predictor and outcome variables and 19 covariates that were pre-
determined in earlier studies on OPA and progression of carotid
atherosclerosis®® and AMI incidence.?’

2.2 | Assessment of cardiovascular health at baseline

At baseline, all participants filled out extensive questionnaire surveys,
were interviewed about their work history, and underwent a
comprehensive medical examination including several laboratory tests
as described previously.3* Participants were considered to have
ischemic heart disease at baseline if they had a history of myocardial
infarction or angina pectoris, currently used anti-angina medication, or
had positive findings of angina from the London School of Hygiene
cardiovascular questionnaire.®> In this paper, we use the term
“ischemic heart disease (IHD)” to define cardiovascular health at
baseline only. Although the term IHD in general refers to the same
subgroup of CVD as the term “coronary heart disease (CHD),” we use

the latter term (CHD) only for CHD mortality during follow-up.

2.3 | Assessment of follow-up events

All-cause and CHD mortality were ascertained by record linkage to the
National Death registry that is maintained for all Finnish citizens.
Classification of death due to CHD was based on the underlying cause,
reviewed at the National Center of Statistics of Finland, using the ninth
revision of the International Classification of Diseases (ICD, codes 410-
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414). Follow-up was censored at December 31, 2011, or date of death
whichever occurred first. Follow-up time ranged from 0.36 to 27.76

years (mean 21.69 years).

2.4 | Assessment of occupational physical activity

Trained interviewers administered an OPA interview at baseline to men
who had worked at least some time in the past 12 months. The interview
addressed a typical workday. Subjects were asked, in increments of
15 min, how long they had performed the following activities at work:
sitting, standing, walking on level ground, walking on uneven ground,
climbing stairs, or any other activities. The 12 months test-retest
correlation of 0.69 for the OPA interview indicated good reliability.3
Lifetime job stability in the Kuopio region is relatively high®” reducing
the probability of misclassification of OPA during follow-up.

A self-administered baseline questionnaire provided information
on work status (working full time, working part time, unemployed,
retired, not working for other reason). Those not currently working
were asked about the year when an unemployment or retirement
period began, the number of days worked per week in the last job, and
number of hours worked per day. For those working, workdays per
week, the number of hours and minutes worked per day, and the
number of days they missed work due to illness during the past 12
months were assessed. Occupation was also assessed and 3-digit
coded according to the Finnish Classification of Occupations of

Tilastokeskus (Center of Statistics of Finland).

2.5 | Absolute and relative measures of energy
expenditure at work

Absolute EE at work (in kcal/day) was assessed from baseline interview
data on time spent in various activities at their current job during a
typical workday and reference data on the energy requirements (kcal/
kg/hour) of these activities. Body weight was measured at the baseline
medical examination. Cardiorespiratory fitness (VO,max) was used to
create two relative measures of EE that take workers’ individual
aerobic capacity into account and measure their relative aerobic
workload: relative aerobic strain (RAS or %VO,max) and percent
oxygen uptake reserve (%VO,Res). Other basic data gathered included
the number of days and hours typically worked per week.

2.5.1 | Absolute energy expenditure per typical
workday

EE per typical workday reflects the sum of the durations and intensities
of each OPA. The duration (hours/typical day) of different physical
activities at work was assessed by the occupational interview. The
energy requirements of these activities were estimated as multiples of
the baseline metabolic rate (MET) in kilocalories/kg/h of an average
male with values of 1.6 for work while sitting, 2.4 for standing, 3.3 for
walking on level ground, 4.9 for walking on uneven ground, 7.3 for
climbing stairs and a mean value of 3.9 for other non-specified
activities based on previously published data.®®3° EE in kcal for each

3
AMERICAN JOURNAL
WILEY- SR

reported activity is calculated by multiplying the duration (hours per
day) by the respective intensity (MET) and body weight (kg) of the
individual. The sum of these estimates gives the EE measured in kcal
per typical workday.

Although absolute EE was reassessed at 4-year and 11-year follow-
up, this investigation used only baseline values because (i) incomplete
follow-up data would otherwise reduce the sample size; (ii) previous
analyses showed that the use of cumulative measures of EE resulted in
only relatively small increases in predictive power compared to simple

E28 and (iii) cardiorespiratory fitness, an

baseline measures of E
important co-determinant of the preferred relative exposure measure

and of the health impact of OPA, was only available at baseline.

2.5.2 | Cardiorespiratory fitness

Cardiorespiratory fitness (also known as aerobic capacity or maximum
oxygen uptake or VO,max) was assessed by a maximal but symptom-
limited exercise test on an electrically braked bicycle ergometer as
explained in detail elsewhere.334%41 Oxygen consumption was
measured using respiratory gas exchange analysis. VO,max was
defined as the highest value or the plateau in oxygen uptake and was
standardized by body weight and measured as mL O, per kg per

minute.*®

2.5.3 | Relative aerobic strain at baseline

RAS (%VO,max) is a relative EE measure that expresses the physical
demands of work in terms of energy needed to perform the job as a
percentage of the individual worker's aerobic cardiorespiratory fitness
or maximal work capacity.*? RAS is the measure of relative aerobic
workload that has traditionally been used to define recommended

maximum levels of aerobic work demands.

2.5.4 | Percent oxygen uptake reserve at baseline

This is an alternative relative EE measure that expresses the physical
demands of work in relation to the individual workers’ aerobic
cardiorespiratory fitness or maximal work capacity as the percentage
of oxygen uptake reserve (%VO,Res).*®> While RAS is based on the
total EE at work including the energetic cost of metabolic rate for both
rest and work activity, %6VO,Res is based on the EE associated with the
work activity only and measured as %VO,Res = (VO,work-3.5)/
(VO,max-3.5] x 100% because the resting EE in general is defined
as 1 MET = 3.5 mL O,/kg per minute.**** In our study, VO,work was
determined by calculating the weighted average of MET during work
activities based on the occupational interview multiplied by 3.5 mL/kg
per minute. Recently, %VO,Res has been suggested as the preferred
measure of relative EE for use in job analyses and epidemiological field
studies because it allows for more adequate comparisons than %
VO,max when EE varies greatly in the study population. A further
advantage of this measure is the fact that, in contrast to %VO,max, %
VO,Res corresponds directly to percent heart rate reserve (%HRR)
that can be measured more easily in the field than %VO,Res itself.*3
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2.6 | Assessment of covariates

Covariates (listed in Table 1) were assessed at baseline, 4 years, and 11
years. For this analyses, repeat measures were only used in a few cases
for substituting baseline values. Details of the measurement of these
variables have been described previously.®*° In the following, we give
a summary of the measurement of key covariates: Blood pressure was
measured with a random-zero sphygmomanometer after a supine rest
of 5 min. Three measurements were then taken while the subject was
still supine, one while standing, and two while sitting, in that order. The
average of these six measurements was used in our analyses. BMI was
defined as weight in kilograms divided by height in meter squared. Use
of cholesterol and blood pressure lowering medications was assessed
by questionnaire. Alcohol consumption in grams per week during the
past 12 months was assessed with a structured quantity-frequency
method using the Nordic Alcohol Consumption Inventory.*® Cigarette
use was a four-level categorical variable: never smoked, former
smoker, irregular smoker, and current regular smoker. LTPA, in hours
per year, was measured using a modified version of the Minnesota
LTPA questionnaire*” that included the 16 most common LTPA of
middle-aged Finnish men.*® Respondents were asked to estimate the
duration, frequency, and intensity of each of 16 activities performed
for each of the 12 previous months. Our analyses use the average
weekly minutes of conditioning vigorous (intensity of at least 6 MET)
LTPA. Socioeconomic status (SES) was measured by personal income
in Finnish Marks, social support at work from coworkers and
supervisors was measured by several standard items, stress from
work deadlines was measured by one item, and a 10-item mental strain
index measured job stress as described previously.>*

2.7 | Statistical analyses

The baseline characteristics of men with and without baseline IHD were
compared using t-tests for continuous and chi square tests for categorical
variables. Incidence rates were calculated using person-time data.
Associations between OPA and mortality outcomes were
assessed with Cox proportional hazard models*® adjusting incremen-
tally for all covariates listed in Table 1 that were considered potential
confounders, with the exception of cardiorespiratory fitness which is
already an integral component of the two relative EE measures. The list
of covariates is intentionally identical to the covariates used in two
previous studies of OPA and 11-year progression of carotid
atherosclerosis and incidence of AMI in order to facilitate direct
comparisons.?®2? All continuous variables were centered at the mean
making the average rather than a zero value the reference for
presented hazard ratios. For the few remaining categorical variables,
the low risk category was chosen as reference. Each OPA measure was
evaluated in separate models with incremental adjustment for
potential confounders and inclusion of interaction terms. After
examining categorized measures of OPA for non-linear trends, we
explored both linear and quadratic OPA hazard models (the latter
including both a linear and quadratic exposure term) using maximum

likelihood ratio test statistics to assess fit. Models were incrementally

adjusted for age, for all other covariates listed in Table 1, and for
baseline IHD and OPA x IHD interaction terms. We also computed
separate association measures for men with and without baseline IHD.

The product (interaction) term in our interaction model served to
evaluate a “statistical” interaction in the sense of departure from
multiplicativity in the joint effects of OPA but does not evaluate what has
been termed “biological” or “causal” interaction in the sense of departure
from additivity in the joint effects. Therefore, we also calculated the
relative excess risk due to interaction (RERI) on an additive scale. A
positive value for RERI>0 indicates that the combined effect of OPA and
IHD is greater than the sum of their separate effects assuming
monotonic effects of both exposures.*>>° Finally, we performed
analyses stratified by baseline IHD as a preferred alternative to these
interaction models in order to allow for a more comprehensive account
for covariate distributions that differed between IHD subgroups.

The estimated hazard ratio (HR) can be interpreted as the
approximate instantaneous relative risk associated with a specified risk
factor. The proportional hazards regression model is advantageous
compared to logistic regression models or direct calculation of relative
risks because it utilizes information about time to death event to
provide an estimate of the average instantaneous relative risk (ie, the
relative hazard or ratio of incidence rates) over short time intervals in
which the outcome remains a rare event even for older groups.
Separately for men without and with IHD, the proportional hazard (PH)
assumption was tested using the goodness of fit testing approach
based on Schoenfeld residuals and was not rejected by this global test
when including all variables listed in Table 1 in the Cox model (stphtest
command in Stata).’ We also performed the PH test for each
covariate separately (detailed option) and the null hypothesis of PH
was rejected for the following covariates: plasma fibrinogen, systolic
blood pressure, and cholesterol-lowering medication using 0.05 as the
cut-off point. We used a stratified Cox (SC) model and obtained similar
results to those from the regular Cox model. We present results from
the regular Cox model. We calculated HR and associated 95%
confidence interval (Cl). We also calculated absolute risk differences in
terms of extra incident cases per person-time for both IHD subgroups
taking the higher a priori risk for CHD death among men with IHD into
account. All analyses were performed using the statistical software
Stata version 14.1 (StataCorp LP, College Station, TX).

This secondary data analyses was exempt from human subjects
institutional review. The original study was approved by the University

of Eastern Finland and by the University of California.

3 | RESULTS

3.1 | Characteristics of the study population

The average age in the study cohort was 51.8 years (SD 5.0), with 309,
321, 1149, 112 at age 42, 48, 54, and 60, respectively. Conditioning
LTPA averaged 92h (SD 106) per year, BMI 26.7 kg/m? (SD 3.5),
alcohol consumption 74 g per week (SD 130), and 29% were current or
former smokers. The distributions of independent variables by baseline
IHD are listed in Table 1. Compared to men without IHD at baseline,
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TABLE 1 Characteristics of the study population and distribution of independent variables by ischemic heart disease (IHD) status at baseline in
the Kuopio Ischemic Heart Disease Risk Factor Study 1984-2005 (N = 1891)

Men without IHD Men with IHD
(N =1565) (N =326) Difference
P-value (t-test or
Independent variables N or Mean (%) or (SD) N or Mean (%) or (SD) chi-square test)
Occupational physical activitiy measures:
Absolute energy expenditure per typical 2078 (875) 2272 (970) 0.001
workday (kcal) at baseline
Relative aerobic strain (%VO,max) at baseline 29.7 (12.1) 38.5 (16.5) 0.001
Reserve oxygen uptake (%VO,Res) at baseline 22.6 (13.5) 315 (19.2) 0.001
Covariates:
Age and technical factors
Age (years) 51.5 (5.1) 53.5 (3.9) 0.001
Participant in placebo group of lipid lowering 135 (8.6%) 28 (8.6%) 0.983
drug trial
Participant in treatment group of lipid 136 (8.7%) 27 (8.3%) 0.811
lowering drug trial
Biological factors
Blood glucose (mmol/L) 4.70 (0.91) 4.88 (1.39) 0.029
Plasma fibrinogen (g/L) 2.95 (0.52) 3.10 (0.58) 0.001
Body mass index 26.7 (3.4) 271 (3.8) 0.029
LDL-cholesterol (mmol/L) 3.99 (0.97) 4.17 (1.07) 0.003
HDL-cholesterol (mmol/L) 1.31 (0.29) 1.28 (0.32) 0.114
Systolic blood pressure 133.9 (16.0) 133.0 (18.3) 0.429
Lipid-lowering medication (yes) 4 (0.3%) 4 (1.2%) 0.014
Anti-hypertensive medication (yes) 179 (11.4%) 115 (35.3%) 0.001
Behavioral factors
Alcohol consumption (g/week) 71.5 (111.9) 88.3 (196.4) 0.134
Cigarettes/day x years 142 (290) 210 (348) 0.001
Conditioning LTPA (min/week) 105 (117) 109 (145) 0.001
Cardiorespiratory fitness (VO,max in mL O,/kg/min) 32.8 (7.0) 27.5 (6.9) 0.001
Socio-economic status
Personal income (1000 FIM/yr) 92.6 (56.7) 72.3 (37.4) 0.001
Psychosocial job factors
Social support score at work (range 0-12) 6.5 (2.5) 6.5 (2.4) 0.882
Mental strain at work index (range 0-37) 11.5 (6.3) 134 (7.1) 0.001
Stress from work deadlines (yes) 357 (23%) 105 (32%) 0.001

men with IHD were 2 years older, earned 22% less, smoked more, had
higher levels of biological risk factors, were less fit, experienced more
mental strain and stress from deadlines at work, and worked about
1.6 h more per week. Men with IHD also expended more energy at

work and experienced higher levels of relative aerobic workload.

3.2 | Mortality

During a total person-time at risk of 41021 years, 661 deaths were

registered (16.11% annual mortality rate); 508 deaths occurred among

men without baseline IHD (14.78% annually) and 153 among men with
IHD (23.04% annually). CHD was the underlying cause for 28% of
deaths (4.49% annually mortality rate), 117 among men without IHD
(3.40% annually), and 67 among men with IHD (10.09% annually).

3.3 | Comparison of model fit between linear and
quadratic hazard functions

Hazard functions were modeled in linear (using the continuous variable

of the OPA exposure measure) and in quadratic form (adding a
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TABLE 2 Hazard ratios (HR) and 95% confidence intervals (Cl) based on linear hazard modeling of the associations between occupational
physical activity and 22-year all-cause mortality (661 deaths) for all men (n = 1891), men without (n = 1565), and men with (n = 326) ischemic heart

disease (IHD)

Absolute energy

expenditure (Unit

Relative aerobic strain

Percent oxygen uptake

500 kcal/day) (Unit 10%) reserve (Unit 10%)
IHD status
Analysis Model subgroup HR 95%Cl P HR 95%Cl P HR 95% Cl P
Analyses of all men
Model 1: Unadjusted Combined 1.06 1.01-1.10 0.008> 1.24  1.18-1.30 0.000° 117  1.13-1.22 0.000°
Model 2: Age-adjusted Combined 1.06 1.01-1.10 0.009° 121  1.15-1.27 0.000° 115 1.11-1.20 0.000°
Model 3: Fully adjusted® Combined 1.00 0.95-1.04 0.874 113  1.07-1.20 0.000° 109  1.04-1.15 0.000°
Model 4: Model 3 plus Combined 0.99 0.95-1.04 0.798 1.13 1.06-1.20 0.000° 1.09 1.04-1.15 0.001°
adjustment for IHD
Interaction analyses
Model 5: Model 4 plus OPA x I[HD No IHD 1.00 0.95-1.05 0.955 1.14 1.06-1.22 0.000° 1.10 1.03-1.16 0.003°
interaction term
With IHD 0.99 0.95-1.04 0762 113 1.06-1.20  0000° 1.10 1.04-1.15  0.001°
Departure from multiplicativity n/a 0.99 0.97-1.02 0.505 099  0.97-1.02 0.661 1.00 0.98-1.02 0.802
(OPA x IHD)
Departure from additivity (RERI)® n/a -0.01  -0.04 to 0.494 000 -0.03to 0.989 000 -0.02to 0.805
0.02 0.03 0.03
Stratified analyses
Model 6: Unadjusted No IHD 1.08 1.03-1.13 0.002° 125 1.18-1.32 0.000° 118 1.12-1.24 0.000°
With IHD 0.96 0.88-1.05 0.362 115  1.05-1.25 0.002° 110  1.02-1.19 0.012°
Model 7: Age-adjusted No IHD 1.08 1.03-1.13 0.002 122 1.14-1.29 0.000° 116  1.10-1.22 0.000°
With IHD 0.96 0.88-1.05 0413 114 1.05-1.25  0.003° 110 1.02-1.19  0.014°
Model 8: Fully adjusted® No IHD 1.03 0.98-1.09 0.243 1.15 1.07-1.24 0.000° 1.11 1.05-1.19 0.001°
With IHD 0.91 0.82-1.00 0.062 111  1.00-1.24 0.050 1.08 0.98-1.18 0.109

Kuopio IHD Risk Factor Study 1984-2011.

?HR adjusted for all covariates listed in Table 1 except cardio-respiratory fitness (VO,max).

bp < 0.05.

“Relative excess risk due to interaction (RERI) on an additive scale using the nlcom post-estimation command in Stata: Values of O signal no additive
interaction, >0 positive interaction, <O negative interaction, assuming monotonicity of effects of both exposures. This row shows the beta-coefficients
customarily used to determine RERI (and not the exponentiated values used in other rows to denote hazard ratios).

quadratic term of the continuous OPA variable). The quadratic
function was explored because it may better reflect anticipated
non-linear increases in CHD risk with increasing levels of OPA. Model
fit was compared by maximum likelihood ratio tests that did not show
any significant difference between fully adjusted linear and quadratic
models of kilocalories (P values 0.98 for all-cause and 0.52 for CHD
mortality), RAS (0.96 and 0.58), or %VOj,Res (0.70 and 0.73),
respectively. Consequently, we only present results from the more

parsimonious linear models in Tables 2-4.

3.4 | Interactions between baseline IHD and OPA

For absolute EE, no statistical interactions with baseline IHD were

observed for all-cause mortality, but for CHD mortality interaction on

the multiplicative scale cannot be ruled out (P = 0.15). Some statistical
significant (P = 0.03) positive interactions were observed between IHD
and RAS (RERI =0.21, 95%Cl = 0.02-0.39) and percent oxygen uptake
reserve (RERI=0.16, 95%Cl=0.16-0.31) in fully adjusted models
indicating supra-additivity of OPA and IHD effects (see Table 3).

3.5 | Associations between OPA and 22-year mortality

Results obtained from linear hazard models are presented separately
for all-cause (Table 2) and CHD mortality (Table 3). Both tables show
HR with 95%Cl and P values for each measure of OPA in eight different
regression models: (i) unadjusted; (ii) age-adjusted; (iii) adjusted for all
covariates listed in Table 1 (except cardiorespiratory fitness which is
already accounted for in the relative EE exposure measures); (iv)
additionally adjusted for IHD; (v) adding an IHDxOPA interaction term;
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TABLE 3 Hazard ratios (HR) and 95% confidence intervals (Cl) based on linear hazard modeling of the associations between occupational
physical activity and 22-year CHD mortality (184 deaths) for all men (n = 1891), men without (n = 1565) and men with (n = 326) ischemic heart

disease (IHD)

Absolute energy
expenditure
(Unit 500 kcal/day)

Relative aerobic strain
(Unit 10%)

Percent oxygen uptake
reserve (Unit 10%)

IHD status
Analysis model subgroup HR 95%Cl
Analyses of all men
Model 1: Unadjusted Combined 1.12  1.05-1.21
Model 2: Age-adjusted Combined 112 1.04-1.21
Model 3: Fully adjusted?® Combined 1.07 0.98-1.16
Model 4: Model 3 plus Combined 1.05 0.96-1.13
adjustment for IHD
Interaction analyses
Model 5: Model 4 plus No IHD 1.09 0.99-1.20
OPAXIHD interaction term
With IHD 1.06 0.97-1.15
Departure from multiplicativity — n/a 0.97 0.93-1.01
(OPAXIHD)
Departure from additivity n/a 0.04 -0.08 to
(RERI)® 0.16
Stratified analyses
Model 6: Unadjusted No IHD 1.18 1.08-1.29
With IHD 0.95 0.83-1.08
Model 7: Age-adjusted No IHD 1.18 1.08-1.29
With IHD 0.96 0.84-1.09
Model 8: Fully adjusted?® No IHD 1.14 1.03-1.26
With IHD 091 0.79-1.06

[ HR  95%Cl P HR  95%Cl P
0.002° 137 1.27-148 0000° 127 1.19-1.36 0.000°
0.002° 134 124-145 0.000° 125 1.17-1.34 0.000°
0121 128 1.16-1.40 0000° 121 1.12-1.31  0.000°
0.292 1.23 1.11-1.35 0.000° 1.17 1.08-127  0.000°
0084 127 1.12-144 0.000° 120 1.08-1.34 0.001°
0196 125 1.13-1.39 0000° 1.19 1.08-1.30  0.000°
0.146 098 0.95-1.02 0.389 099 0.97-1.02 0.488

0486 021 002-0.39 0029 016 016-0.31  0.030°
0.000> 137 1.22-1.51 0.000° 1.26 1.15-1.38 0.001°
0453 123 1.09-1.38 0.001° 116 105129  0.001°
0.000° 1.33 1.19-148 0000° 124 1.13-1.36 0.001°
0496 122 1.08-1.38 0.001° 1.16 1.05-129  0.005°
0.008° 130 1.14-1.49 0000° 124 1.10-1.39  0.000°
0236 1.19 1.02-1.38 0.024° 114 1.00-1.30 0.042°

Kuopio IHD Risk Factor Study 1984-2011.

?HR adjusted for all covariates listed in Table 1 except cardio-respiratory fitness (VO,max).

bp < 0.05.

“Relative excess risk due to interaction (RERI) on an additive scale using the nlcom post-estimation command in Stata: Values of O signal no additive
interaction, >0 positive interaction, <0 negative interaction, assuming monotonicity of effects of both exposures. Note: this row shows the beta-coefficients
customarily used to determine RERI (and not the exponentiated values used in other rows to denote hazard ratios).

(vi) stratified by IHD without adjustments; (vii) stratified by IHD with
age adjustment; and (viii) stratified by IHD with full adjustments as in
model 3. Subgroup results are presented for men without and with IHD
based on interaction model 5 and, alternatively, based on stratified
analyses (models 6-8).

Absolute EE per typical workday in units of 500 kcal/day shows
positive associations with both all-cause and CHD mortality in crude
and age-adjusted models in combined analyses of all men. However, in
stratified analyses, the hazard appeared limited to men without IHD.
Adjustment for all covariates attenuated the estimates, and only the
association with CHD mortality remained significant (HR = 1.14, 95%
Cl 1.03-1.26, P =0.008).

Relative aerobic strain measured in 10% units was positively
associated with both all-cause and CHD mortality for all men in crude,
age-adjusted, and fully adjusted models (models 1-4), and, for both

men with and without IHD, also in interaction model 5 and crude and
age-adjusted stratified analyses (models 6-7). Interactions between
RAS and baseline IHD were found on the additive scale. The strongest
associations between OPA and mortality after adjustment for all
covariates was observed in men without baseline IHD, with each 10%
increase in RAS resulting in a 15% increased instantaneous risk of all-
cause mortality (HR=1.15, 95%Cl 1.07-1.24, P =0.000) and a 30%
increase in CHD mortality (HR = 1.30, 95%Cl 1.14-1.49, P =0.000).
The increases among men with IHD were 11% and 19%, respectively.

Percent oxygen uptake reserve measured in 10% units was
positively associated with both all-cause and CHD mortality for all
men in crude, age-adjusted, and fully adjusted models (models 1-4),
and, for both men with and without IHD, also in interaction model 5
and crude and adjusted stratified analyses (models 6-8). Interactions
between %VO,Res and baseline IHD were found on the additive scale.



KRAUSE ET AL.

— - WILEY

TABLE 4 Hazard ratios (HR) and 95% confidence intervals (Cl) based on linear hazard modeling of the associations between conditioning leisure
time physical activity (LTPA, hours/week) and 22-year all-cause and CHD mortality (661 deaths) for all men (n = 1891), men without (n = 1565), and

men with (n = 326) ischemic heart disease (IHD)

Analysis model

Analyses of all men

Model 1: Unadjusted Combined
Model 2: Age-adjusted Combined
Model 2b: Age- and OPA-adjusted Combined
Model 3: Fully adjusted? Combined
Model 4: Model 3 plus adjustment for IHD Combined
Interaction analyses
Model 5: Model 4 plus LTPAXIHD interaction term No IHD
With IHD
Departure from multiplicativity (LTPA x I[HD) n/a
Departure from additivity (RERI)® n/a
Stratified analyses
Model 6: Unadjusted No IHD
With IHD
Model 7: Age-adjusted No IHD
With IHD
Model 7b: Age- and OPA-adjusted No IHD
With IHD
Model 8: Fully adjusted?® No IHD
With IHD

Kuopio IHD Risk Factor Study 1984-2011.

IHD status subgroup HR

All-cause mortality CHD mortality
95%ClI P HR 95%ClI P
0.97 0.93-1.01 0.102 0.95 0.87-1.03 0.195

0.97  0.93-1.01 0.183 0.95 0.88-1.04  0.273
1.00 0.96-1.04 0.856 1.00 0.92-1.08 0.941
1.03 099-1.07 0177 1.03 0.96-1.11 0.393

1.03 0.99-1.07 0.179 1.03 0.96-1.11 0.395

099 094-1.04 0.657 095 0.84-1.06 0.341
111 1.05-1.18 0001° 114 104126 0.008°
113  1.04-122 0003® 121 1.04-1.40 0.013°
013 004-022 0004° 031 007-055 0011°
093 0.88-098 0007° 088 0.78-099 0.034°
106  099-1.13  0.115 104 094-1.16 0448
094 089-099 0017° 089 0.79-1.00 0.050
105 1.01-1.10 0028° 104 094115 0485
096 092-1.01  0.147 093 0.82-1.04 0.198
1.07 1.00-1.14 0043b 107 096-1.18 0210
099 094-1.04 0751 095 0.84-1.06 0341
110 1.03-1.18 0.005° 114 1.04-1.26  0.008"

?HR adjusted for all covariates listed in Table 1 except cardio-respiratory fitness (VO,max).

bp < 0.05.

“Relative excess risk due to interaction (RERI) on an additive scale using the nlcom post-estimation command in Stata: Values of O signal no additive
interaction, >0 positive interaction, <0 negative interaction, assuming monotonicity of effects of both exposures. Note: this row shows the beta-coefficients
customarily used to determine RERI (and not the exponentiated values used in other rows to denote hazard ratios).

The strongest associations between OPA and mortality after adjustment for
all covariates was observed in men without baseline IHD, with each 10%
increase in %VO,Res resulting in a 11% increased instantaneous risk of all-
cause mortality (HR = 1.11, 95%Cl 1.05-1.19, P = 0.001) and a 24% increase
in CHD mortality (HR = 1.24, 95%Cl 1.10-1.39, P <0.001). The increases
among men with IHD were 8% and 14%, respectively.

Categorical measures of OPA (results not shown in tables): Finally, we
report selected alternative categorical OPA measures assessed in
model 8 (stratified by IHD and fully adjusted) in order to facilitate
comparisons with the existing literature. For men without IHD at
baseline, RAS> = 33% compared to <33% was associated with a 30%
increase in risk of all-cause mortality (HR =1.30, 95%Cl 1.07-1.57,
P =0.008) and a 64% increase in risk of CHD mortality (HR = 1.64, 95%
Cl 1.10-2.42, P=0.014). For men with IHD, RAS>=33% was
associated with increases of 16% in all-cause (HR=1.16, 95%Cl
0.80-1.66, P=0.435) and 25% in CHD (HR = 1.25, 95%ClI 0.71-2.19,
P = 0.434) mortality risk.

3.6 | Absolute mortality risk difference by IHD
subgroup

The number of excess deaths due to OPA were estimated by the
difference of mortality rates and the product of these mortality rates times
relative hazards from fully adjusted stratified regression models. Based on
HR estimated in the fully adjusted linear model 8, a 10% increase in RAS
was associated with an estimated extra 225 deaths per 100 000 person-
years in men without IHD and 255 extra deaths in men with IHD. Excess
CHD deaths were 190 for men without IHD and 90 for men with IHD.

3.7 | Associations between other cardiovascular risk
factors and mortality

In fully adjusted models stratified by IHD, conditioning LTPA had
no effect on all-cause or CHD mortality among men without IHD
(HR=0.95, 95%Cl 0.84-1.06, P=0.341 and HR=0.99, 95%Cl
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0.94-1.04, P=0.751, respectively). Among men with IHD, each
weekly hour of LTPA was associated with a 10% increase in all-
cause mortality and a 14% increase in CHD mortality (HR =1.10,
95%Cl 1.03-1.18, P=0.005 and HR=1.14, 95%Cl 1.04-1.26,
P =0.008, respectively) (see Table 4). Other known traditional
cardiovascular risk factors such as age, blood pressure,
LDL-cholesterol, and smoking showed independent effects on
mortality in the expected direction for all men in the fully adjusted
hazard models of RAS (results not shown). Income showed no
independent positive associations with mortality in these models.
Alternative models adjusting for socio-economic status under
varying definitions and specifications did not alter the results and

conclusions (results not shown).

4 | DISCUSSION

This study found that OPA predicted all-cause and CHD mortality
accounting for baseline IHD status and multiple confounders.
Compared to absolute measures, relative workload measures that
took individual fitness into account more strongly predicted mortality.
This study also addressed several methodological issues of the extant
inconsistent literature by (a) using a validated interview instrument to
accurately assess OPA at baseline; (b) using continuous exposure
measures; (c) using relative measures of EE taking individual
cardiorespiratory fitness into account; and (d) adjusting for virtually
all known biological, behavioral, and psychosocial risk factors for CVD.
In addition, this study investigated possible interactions between OPA
and pre-existing IHD and the impact of alternative model specifica-
tions on effect measures.

4.1 | Impact of model choice on estimates of OPA
effects and interaction with baseline IHD

This study explored two basic hazard models (without and with
quadratic terms, both on an exponential regression scale) and several
alternative approaches to effect modification by baseline IHD (via
adjustment, assessment of interaction on both additive and multipli-
cative scales, and stratified analyses) to examine the influence of model
choice on the results. These alternatives were explored in fully
adjusted models with alternative OPA measures that took 19
potentially confounding factors into account including virtually all
established biological, behavioral, and psychosocial CVD risk factors.
Adding a quadratic OPA term to the models did not improve model fit
and, in contrast to previously published analyses of AMI incidence in
this population,?’ did not lead to any substantially different risk
estimates. Additional adjustment for baseline IHD (model 4) is
problematic because IHD may itself be a result of (past) OPA exposure
and could therefore constitute an over-adjustment leading to an
underestimation of OPA effects. Also, IHD might share unmeasured
common causes with both OPA and mortality, thus making it a
potential collider that could introduce bias when conditioned on and
be part of the confounding path between OPA and mortality when not
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controlled for. As expected, additional adjustment for IHD attenuated
the estimates.

Relative hazards estimated for IHD subgroups from fully adjusted
analyses allowing for interaction with baseline IHD (model 5) showed
no subgroup difference while analyses stratified by IHD subgroup
(model 8) indicated that OPA increases mortality risk more among men
without baseline IHD than among men with IHD. The following reason
may account for this discrepancy: Our data indicate different covariate
distributions across IHD subgroups (see Table 1) and the predictive
power of covariates differed between IHD subgroups (data not shown)
also pointing to differences in the covariate structure between
subgroups. Stratified analyses fully allow for such different covariate
structures in each IHD subgroup and therefore we consider the results
of stratified analyses (model 8) more valid than the estimates derived
from the interaction models (model 5). However, both effect estimates
for the subgroup with IHD may be biased downwards due to health-
based selection as discussed below in section 4.4.

In addition, it is important to note that the reported lower relative
hazards of RAS among men with IHD still led to higher absolute
increments in CHD mortality (in terms of the number of excess deaths
per person-year) because of their inherently higher baseline mortality
risk compared to men without IHD.

Finally, fully adjusted models can be utilized to compare the
magnitude of independent OPA effects with those of other
traditional risk factors. For example, a 10% unit increase in RAS is
comparable in magnitude to an independent age effect of 1.7 or 1.1
years among men without or with IHD, respectively (also based on
fully adjusted model 8).

Interaction effects were assessed both on a multiplicative and an
additive scale with results varying not only by scale, but also by type of
OPA measure (absolute versus relative EE). Overall, results indicated
the presence of super-additive biological interactions between relative
EE measures and IHD for CHD mortality. This interaction with IHD is in
alignment with the hemodynamic theory of atherosclerotic artery
disease and has been expected based on previous studies of 11-year
progression of atherosclerosis and of AMI incidence in this population
that had shown strong interactions of the same OPA measures with
IHD.282? Although all investigated models represent valid analytic
approaches and have been used in previous research, the different
covariate structure in the IHD subgroups, the presence of interaction
between some measures of OPA and baseline IHD, and the need for
the development of OPA recommendations that take baseline
cardiovascular health status into account together favor the utilization
of models stratified by baseline IHD to estimate relative hazards for
each IHD subgroup.

This study demonstrates that the choice of analytic strategies
can influence the assessment of mortality risk and such choices
may be in part responsible for inconsistencies in the literature. A
multipronged approach exploring alternative strategies for
subgroup analyses and hazard modeling together with using
alternative OPA measures can increase confidence in results that
appear to follow a consistent pattern across different analytic
strategies.
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4.2 | Improved exposure assessment and residual
misclassification

To our knowledge, this is the first prospective cohort study of OPA and
mortality using both absolute and relative measures of EE at work as
exposure variables. Only our previous studies of 11-year progression
of atherosclerosis and of AMI incidence in this cohort also used both
absolute and relative EE measures.?®2? Our study demonstrates that
only the superior relative workload measures that take individual
worker fitness into account consistently predict both CHD and all-
cause mortality and do so across alternative statistical modeling
approaches while the absolute measure of EE appeared to be a weaker
and uncertain predictor of mortality in most models.

Our detailed exposure assessment methods that allowed for
analysis of continuous OPA measures should also be considered an
important strength of this study. The majority of cohort studies in the
literature used only crude categorical measures of OPA, and the
associated misclassification bias toward the null may have contributed
to inconsistent results. For example, we could demonstrate that the
statistically significance of effects of RAS on CHD mortality among
men with IHD observed in our models with continuous exposure
measures could not be detected when we used a dichotomous exposure
measure (comparing the effects of RAS above and below the maximum
recommended level of 33% in models fully adjusted for the same
covariates as in models with continuous exposure measures; data
shown in the text at the end of result section 3.5 above). The number of
exposure categories and the respective cutpoints chosen can have a
major influence on results. For example, among all men, the estimated
fully adjusted mortality risk based on the same dichotomous RAS
exposure variable appears to be much smaller (HR for RAS >33 = 1.65,
95%Cl 1.20-2.27, P = 0.002) than the mortality risk for the same high
exposure subgroup based on a trichotomized variable where the
reference group is RAS <16.2 (HR for RAS >33 =7.79, 95%Cl 1.06-
57.04, P=0.043).

Residual exposure misclassification may still have occurred in our
study because the type and duration of work activities were based on
self-report data rather than on direct observations and also because
the assessment of EE did not include upper-extremity work or the
handling of external loads and instead was limited to the energetic
costs of moving one's own body or maintaining one's body posture
(sitting, standing, walking, and climbing stairs). Such activities may be
occurring together with the use of hand-held equipment, material
handling, carrying, lifting, and other demanding work activities not
captured by our occupational interview. The relative amount of static
work could thus not be determined. The ambient temperature was also
not accounted for, and the average MET values assigned to work
activities may also differ according to the individual body composition
of fat and fat-free mass.>> However, we have no reason to believe that
this residual exposure misclassification was differential and therefore
we expect any bias to be directed toward the null hypothesis of no
association between OPA and mortality. In other words, we consider
our observed hazard estimates to be conservative. In fact, a recent
study showed that heavy lifting increased cardiovascular disease and

mortality risks associated with OPA.2¢ On the other hand, the nearly
exclusive focus on lower-extremity activities in the computation of EE
at work increases the validity of our assessments of relative EE
measures that were based on the use of bicycle ergometry tests
utilizing lower extremity activity for the determination of workers’
maximum aerobic capacity.>>*

The lack of repeat relative EE measures in our study needs also to
be considered as a typical limitation in this research possibly adding to
a conservative misclassification bias. Development of fatal CHD is
itself a long-term process related to a complex and linked series of
exposures that may accumulate over an individual's life course.””
There is limited evidence to support the assumption that some risk
factors are fixed and do not alter, even over long periods of follow-
up.>® In our cohort, several indicators of OPA including occupational
title, job, and repeat absolute EE measures all have been found to be
rather stable over time.?® For example, repeat absolute EE measures
were available at 4- and 11-year follow-up, and these repeat measures
were highly correlated (correlation coefficient 0.80 for 4-year and 0.64
for 11-year EE in kcal/day) thus limiting the extent of possible
exposure misclassification. In our previous analyses of 11-year
progression of carotid atherosclerosis in this cohort we found
consistently stronger associations with baseline relative EE measures
compared to any cumulative absolute energy expenditure measures.?®
In addition, work physiology and ergonomic principles predict that not
a high absolute amount of EE alone but rather a misfit between high
job-related energy demands and low worker aerobic capacity will lead
to elevated blood pressure and elevated heart rates during work, the
two mechanisms that constitute the central causal pathway to CVD
according to the hemodynamic theory of atherosclerosis as explicated
by Glagov.57 For these reasons, we choose to focus on relative EE
measures that were only available at baseline and to use only one
baseline absolute EE measure in this analysis to allow comparisons
between the predictive strengths of these measures. Again, any
remaining exposure measurement error most likely introduced a

conservative bias in the effect estimates.

4.3 | Comprehensive control for confounding and
possible over-adjustment

The comprehensive adjustment for 19 potential confounders including
virtually all widely accepted demographic, biological, behavioral, and
psychosocial risk factors needs to be considered an important strength
of this study. Specifically, there are only few studies of OPA controlling
for LTPA. LTPA and some other variables could be considered both as
confounders and as pathway variables, thus adjustment for them could
constitute a partial over-adjustment. However, in a recent mediation
analysis based on this cohort data we demonstrated that OPA predicts
LTPA but LTPA does not predict incidence of CHD among these
working men and therefore the effect of OPA is not being mediated by
LTPA.>8 We also controlled for socioeconomic position by personal
income. This could be considered an over-adjustment since most

physically demanding blue-collar jobs typically generate lower income
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than less physically demanding white-collar jobs. However, adjusting
for all 19 covariates best reflected our goal to minimize any residual
confounding even if it resulted in some over-adjustment, more
conservative effect estimates, and reduction of statistical power.
The list of potential confounders was also predetermined by our intent
to compare results from this study of mortality with results from our
previous studies of non-symptomatic atherosclerotic changes and of
AMI incidence in the same study population.?®?? In contrast to that
previous study where control for these confounders changed the
effects only minimally, this study showed more substantial effect
attenuation, especially among men without IHD.

4.4 | Comparisons with previous study of progression
of atherosclerosis: healthy worker effect

An apparent weaker mortality effect of OPA in men with IHD
compared to men without IHD (in relative terms only, see above) needs
to be interpreted with caution. In light of the opposite findings in our
previous study on progression of non-symptomatic atherosclerosis in
the same study population, our current findings for CHD mortality
need to be considered the result of health-based selection of men who
survived in physical demanding jobs despite their IHD. Direct
comparisons with our previous studies are facilitated by the use of
the same OPA measures and of multivariate models fully adjusting for
the same set of potential confounders that were previously used in our
study on 11-year progression of carotid atherosclerosis in this study
population.?® An alternative OPA measure of static work posture
(prolonged standing at work) also increased the risk of progression of
asymptomatic atherosclerosis predominantly among the IHD sub-
group?®°? indicating a greater vulnerability to higher workloads in men
with IHD.

The consistent positive associations between relative EE and
mortality are in line with previous research where both absolute and
relative EE measures predicted 11-year progression of carotid
atherosclerosis in both men with and without baseline IHD. However,
in this study of mortality—and similarly to our study of AMI
incidence?’—only relative EE measures predicted an increased risk
while absolute EE showed weaker or no effects depending on the
analytic model. These diverging results within the same study sample
and using the same measurements for all variables demonstrates that
the choice of exposure assessment, analytic strategy, and symptomatic
versus non-symptomatic CVD outcome can all be reasons for

inconsistent findings in the literature.

4.5 | Observed associations between OPA and
mortality: causal inference

Associations between OPA and mortality were observed in analyses of
all men but were stronger for men without than for men with IHD.
Irrespective of the modulating influence of hazard modeling and
analytic strategies described above, we think that the weaker
association in men with IHD is probably due to health-based selection
and therefore a biased estimate that needs to be balanced by
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contradictory findings from earlier studies of asymptomatic progres-
sion of atherosclerosis in this cohort that are less vulnerable to
selection bias. One needs to consider that studies of mainly pre-clinical
asymptomatic outcomes such as progression of atherosclerosis
measured as intima media thickening at a range with little if any
organ perfusion consequences tend to be less prone to outcome-
driven health-based selection effects than studies with clinical
symptomatic coronary artery disease outcomes such as IHD or fatal
CHD. This consideration is relevant since these fatal diseases often
involve a history of painful symptoms (angina pectoris) that get
triggered by strenuous physical activity, the exposure of interest.
Workers with symptomatic IHD and related physical work limitations,
if they can afford it, tend to leave physical demanding jobs during
follow-up once symptoms occur and thus are probably underrepre-
sented in physically demanding jobs. It is noteworthy that the physical
demands in terms of EE in kcal/day changed very little for this aging
workforce over the first 11 years of follow-up despite the fact that
aerobic capacity declines steadily after the mid-20s.28 Therefore, high
absolute EE at work can be expected to be associated with selected
relatively heart-healthy individuals or individuals with IHD of lower
severity. Such “healthy worker selection effects” plague studies of
incident CVD and mortality and may also have contributed to
inconsistent results in the literature.

We believe that OPA increases the risk for fatal CHD and does so
possibly at different degrees for both men with and without IHD
depending on their level of aerobic fitness given the following
considerations: (i) both absolute and relative measures of OPA
predicted progression of asymptomatic carotid atherosclerosis in
both men with and without IHD in this cohort; (i) relative OPA
measures were consistently positive associated with AMI, fatal CHD,
and all-cause mortality in this study population; and (iii) relative
measures of OPA that take individual aerobic capacity into account
better capture hemodynamic stressors associated with a discrepancy
of aerobic fitness and physical demands at work. Given the evidence of
a strong healthy worker effect and previous findings regarding
progression of atherosclerosis in this cohort, the observed weaker
relative mortality risks among men with IHD are probably due to
selection effects.

Other researchers have found associations between OPA, aerobic
fitness, and clinical CVD outcomes.?? However, this is the first study of
OPA and fatal CHD using individualized measures of the misfit
between EE demands at work and aerobic capacity of the individual
worker, while also combining persons with and without pre-existing
IHD in interaction analyses. A recent study using a small sample of
persons with preexisting CVD suggested positive associations of high
levels of OPA (and LTPA) with IHD incidence and mortality.f’o
Additional research is needed to reliably quantify risks or benefits
related to OPA among the growing group of aging workers with
existing IHD. Therefore, the exclusion of subjects with baseline IHD,
which is still the predominant practice in CVD research, should be
reexamined and replaced by investigations of both persons with and
without baseline IHD while also carefully examining possible
heterogeneity of the associations.
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4.6 | The role of leisure time physical activity

Occupational and leisure time physical activities may have opposing
effects on health.2¢ The reasons for this “paradox” are not completely
understood, however, in contrast to voluntary leisure time activities
that are typically self-paced and of lesser frequency or duration than
OPA and allow for adequate rest, mandatory occupational activities of
high frequency and duration are often paced by fixed work schedules,
machines, coworkers, supervisors, or clients and may not allow for
adequate rest periods. The need to work steady for many hours
without exhausting oneself completely, and lack of time and facilities
to change sweat-drained wet clothes may even prevent workers who
can self-pace their work from engaging in sufficient short-term intense
bouts of physical activity needed to achieve any beneficial cardiovas-
cular fitness training effects. In addition, dynamic activities such as
walking may be beneficial at relatively low doses during leisure but may
be detrimental at relatively high doses during work, especially if they
occur in combination with other work activities such as handling
materials or holding tools involving considerable amounts of static
work more likely to be detrimental for cardiovascular health.

Similar to our previous study on CHD incidence, conditioning
LTPA had no protective effect on mortality, although early analyses of
this cohort had found a protective effect of this measure of LTPA on
4-year CHD risk.° To the contrary, among men with IHD, conditioning
LTPA was positively associated with CHD mortality risk. This
contradictory finding may be explained by the fact that these previous
4-year analyses of LTPA included non-working men, and did not
control for OPA. It also makes intuitive sense that EE during work
averaging 2114 kcal/day, nearly six times as much than LTPA
(averaging only 382 kcal/day) and about 10 times as high as current
recommended levels of LTPA (about 200 kcal/week; see Table D.3. in
ref.%?) would drive the association between overall physical activity
and mortality. Others have reported that LTPA is only beneficial among
those with sedentary jobs.®® A recent Belgian cohort study found
detrimental effects of LTPA among persons with high levels of OPA%*
in contrast to previous reports on beneficial effects of LTPA possibly
preventing detrimental effects of OPA.°>%® These inconsistent
findings warrant further exploration.2%* If more studies confirm the
findings in these Finnish and Belgian cohorts, the current public health
strategy to promote increases of LTPA may not only fail to reduce CVD
and mortality among workers exposed to relatively high physical work
demands but may put them at increased risk.

4.7 | Implications for prevention and medical practice

Results of this representative population-based cohort study do not
indicate that detrimental effects of OPA on mortality risk are limited to
excessive RAS above the recommended maximum level of 33% but
instead may occur at lower levels as well. It should be noted that
traditionally recommended maximum levels of relative workloads were
not based on epidemiological evidence but rather on physiological
measurements indicating change from aerobic to anaerobic metabo-

lism. While recent epidemiological studies have shown that moderate

and high levels of OPA are associated with an increased risk of CVD,®
this study shows that such detrimental effects extend to CHD
mortality and all-cause mortality outcomes and may occur already at
levels of OPA that are below currently recommended maximum RAS
levels. Additional epidemiological investigations with precise exposure
assessments at work are needed to determine safe or potentially
beneficial levels of OPA in terms of relative workload measures that
take both individual worker fitness and type of activity into account.

Reductions of excessive relative aerobic workloads can in principal
be achieved by three approaches, either alone or in combination:
increase in aerobic fitness, increase in recovery time, and reduction of
physical workload. Accordingly, some researchers have suggested
interventions to increase cardiorespiratory fitness among workers to
reduce CVD risks.®” However, for aging workers and for workers with
existing IHD or with exercise-limiting musculoskeletal disorders or
other comorbidities, fitness training may not be feasible or insufficient
to meet work demands. While increased LTPA may be beneficial,
especially for persons with low levels of OPA, for persons with high
levels of OPA, resulting fatigue may be a barrier to engage in LTPA, and

LTPA may actually increase CHD risk,**

although protective effects
have also been reported.®>¢® A recent randomized workplace
intervention trial among cleaners in Denmark showed that relatively
few sessions of intensive aerobic exercise during paid worktime
increased fitness and reduced relative workloads but also led to
significant increases in both resting and 24-h ambulatory systolic blood

68:99 3 key risk factor for CVD and mortality.

pressure,

Primary prevention that is safe and not relying on individual
workers’ behavioral changes, especially among older workers with high
OPA levels, may instead need to address the discrepancy of individual
cardiorespiratory fitness and physical job demands by reduction of
physical job demands, daily or weekly work hours, and increases of
recovery time.”®”? While automation has reduced physical workloads
over the last decades for skilled workers in some industries (eg, motor
vehicle production), jobs in other industries often demand higher
workloads (eg, in the growing health care, hospitality, and retail sectors).
In some sectors the heaviest work is performed by low wage immigrant
workers who are underrepresented in national surveys and epidemio-
logical studies (eg, custodial, construction, farm, and hotel and
restaurant workers). General public health messages exclusively
recommending increased physical activity may only be appropriate
for the sedentary part of the working population and a subgroup of
workers who participate in workplace health promotion programs.
Those messages may not sufficiently address the still sizable working
population performing heavy physical labor, the increasing proportion of
aging workers with pre-existing chronic cardiovascular or musculoskel-
etal diseases or workers unlikely to receive an offer for or to participate
in workplace health promotion programs. In the absence of more
controlled community-based intervention trials, it is difficult to compare
the effectiveness of different approaches for primary CVD prevention.

Following the precautionary principle in public health protection,
the study findings may already have important implications for the
practice of occupational and rehabilitative medicine even in the
absence of respective intervention trials. Primary CVD prevention
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efforts may benefit from a reduction of the energy demands in
physically demanding jobs. Jobs in agriculture, forestry, commercial
fishing, construction, manufacturing, warehousing, cleaning, or retail
are at especially high risk for leading to high relative aerobic strain.
Secondary and tertiary prevention efforts may be indicated for persons
who do not have a sitting desk job. Occupational medicine and other
occupational health professionals can assist in an individualized
approach using inexpensive ambulatory heart rate monitoring during
work hours to determine the ergonomic fit between individual aerobic
capacity and workload. Specifically, RAS or oxygen uptake reserve
should be routinely assessed in non-desk workplaces during placement
of new employees as well as in the process of designing work
modifications for employees returning to work after being diagnosed
with CHD. Both bicycle ergometry and ambulatory ECG may be
warranted for workers with CVD.”2

Because it has been shown that percent oxygen uptake reserve is highly
correlated with percent heart rate reserve (%HRR = (HRwork — HRrest)/
(HRmax - HRrest) x 100%) across the aerobic fitness spectrum,*>>2 it is
possible to estimate percent heart rate reserve (%HRR),>® HR-estimated EE
[HREEE], and percent oxygen uptake reserve using recently validated
procedures” in combination with standard procedures estimating maxi-
mum heart HR based on resting HR and age.” It is no longer necessary to
employ laboratory-based gas exchange analyses or bicycle ergometer tests
to determine relevant relative EE measures of OPA.

It is best to use these relative measures of EE because they take
individual differences of VO,max into account. VO,max has been found
to differ markedly by gender, age, health status, and other factors.””
Relative measures correlate better than absolute measures with actual
cardiovascular workload, fatigue, heart rate elevations and related
health consequences of aerobic strain at work as shown by others® and
for the first time for progression of atherosclerosis,?® AMI incidence,?’
and now both CHD and all-cause mortality in this study population.

Intervention research needs to investigate the effectiveness and
efficiency of possible interventions such as fitness-inducing exercise,
increase of recovery time, and reduction of work hours and/or physical job
demands, especially in the growing vulnerable population of aging workers

with pre-existing CVD.
5 | CONCLUSIONS

This study provides new evidence that elevated OPA in terms of relative
aerobic workload (%VO,max or %VO,Res) predicts increased CHD and
all-cause mortality in middle-aged working men, even at levels of relative
aerobic workload that are below the recommended maximum. The
findings further support the notion that inconsistencies in the literature
on the cardiovascular health effects of OPA may be due to alternative
choices of analytic strategies, exposure misclassification, health-based

t,” uncontrolled confounding,77

selection bias or healthy worker effec
and complex interactions between cardiovascular health status,
cardiorespiratory fitness, and physical job demands. Worksite primary
prevention of CVD and premature death requires approaches that take
the individual worker CVD health status, aerobic capacity, and the

energy demands of the job into account.
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