
u n i ve r s i t y  o f  co pe n h ag e n  

Associations between occupational relative aerobic workload and resting blood
pressure among different age groups
A cross-sectional analysis in the DPhacto study

Korshj, Mette; Clays, Els; Krause, Niklas; Gupta, Nidhi; Jørgensen, Marie Birk; Holtermann,
Andreas

Published in:
BMJ Open

DOI:
10.1136/bmjopen-2019-029713

Publication date:
2019

Document version
Publisher's PDF, also known as Version of record

Document license:
CC BY-NC

Citation for published version (APA):
Korshj, M., Clays, E., Krause, N., Gupta, N., Jørgensen, M. B., & Holtermann, A. (2019). Associations between
occupational relative aerobic workload and resting blood pressure among different age groups: A cross-sectional
analysis in the DPhacto study. BMJ Open, 9(9), 1-8. [e029713]. https://doi.org/10.1136/bmjopen-2019-029713

Download date: 23. maj. 2023

https://doi.org/10.1136/bmjopen-2019-029713
https://curis.ku.dk/portal/da/publications/associations-between-occupational-relative-aerobic-workload-and-resting-blood-pressure-among-different-age-groups(7196ed5c-8b9a-4590-8663-35d5988ee52f).html
https://curis.ku.dk/portal/da/publications/associations-between-occupational-relative-aerobic-workload-and-resting-blood-pressure-among-different-age-groups(7196ed5c-8b9a-4590-8663-35d5988ee52f).html
https://curis.ku.dk/portal/da/publications/associations-between-occupational-relative-aerobic-workload-and-resting-blood-pressure-among-different-age-groups(7196ed5c-8b9a-4590-8663-35d5988ee52f).html
https://doi.org/10.1136/bmjopen-2019-029713


1Korshøj M, et al. BMJ Open 2019;9:e029713. doi:10.1136/bmjopen-2019-029713

Open access 

Associations between occupational 
relative aerobic workload and resting 
blood pressure among different age 
groups: a cross-sectional analysis in the 
DPhacto study

Mette Korshøj,   1 Els Clays,2 Niklas Krause,3 Nidhi Gupta,1 Marie Birk Jørgensen,4 
Andreas Holtermann1,5

To cite: Korshøj M, Clays E, 
Krause N, et al.  Associations 
between occupational 
relative aerobic workload 
and resting blood pressure 
among different age groups: 
a cross-sectional analysis in 
the DPhacto study. BMJ Open 
2019;9:e029713. doi:10.1136/
bmjopen-2019-029713

 ► Prepublication history for 
this paper is available online. 
To view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2019- 
029713).

Received 07 February 2019
Revised 22 August 2019
Accepted 30 August 2019

For numbered affiliations see 
end of article.

Correspondence to
Dr Mette Korshøj;  mkl@ nfa. dk

Original research

© Author(s) (or their 
employer(s)) 2019. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

AbstrACt
Objective High levels of occupational physical activity 
(OPA) increase heart rate, blood pressure (BP) and the risk 
of hypertension. Older workers may be more vulnerable 
to high levels of OPA due to age-related degeneration of 
the cardiovascular system and cardiorespiratory fitness. 
This study investigates the association of relative aerobic 
workload (RAW) with resting BP and examines if this 
relation is moderated by age.
Design Cross-sectional epidemiological study.
setting Data were collected among employees of 15 
Danish companies in the cleaning, manufacturing and 
transport sectors.
Participants 2107 employees were invited for 
participation, of these 1087 accepted and 562 (42% 
female and 4% non-Westerns) were included in the 
analysis based on the criteria of being non-pregnant, no 
allergy to bandages, sufficient amount of heart rate data 
corresponding to ≥4 work hours per workday or 75% 
of average work hours, and no missing outcome and 
confounder values.
Primary and secondary outcome measures The 
primary outcome measure was BP.
results Heart rate reserve was estimated from 
ambulatory 24-hour heart rate measures covering 2.5 
workdays per participant (SD 1.0 day). Age significantly 
moderated the association between RAW and BP. Mean 
intensity and duration of high RAW (≥30% heart rate 
reserve) showed positive associations with diastolic BP 
and negative associations with pulse pressure (PP) among 
participants ≥47 years old. Tendencies towards negative 
associations between RAW and BP were seen among 
participants <47 years old.
Conclusions Mean intensity and duration of RAW 
increased diastolic BP among participants ≥47 years old. 
Negative associations with PP may be due to healthy 
worker selection bias. Prevention of hypertension should 
consider reductions in RAW for ageing workers.

IntrODuCtIOn
High levels of occupational physical activity 
(OPA) increase the risk of cardiovascular 
disease (CVD) and mortality.1–4 High OPA 

raises heart rate (HR), by the muscular work 
needed for performance, and an elevated 
HR is an independent risk factor for CVD.5 
Elevated HR during OPA may therefore 
be one mechanism explaining why high 
OPA increases the risk for CVD.6 HR varies 
by age, level of cardiorespiratory fitness, 
health status, body temperature, working 
posture, and type, duration and intensity of 
OPA. Resting HR increases with age, while 
maximum HR and aerobic capacity decrease 
with age.7 8 Therefore, identical physical work 
task demands strain older workers to a higher 
degree than younger workers.9

The intensity of OPA can be assessed by 
the relative aerobic workload (RAW), esti-
mated as percent heart rate reserve (%HRR), 
calculated from resting HR, working HR 
and age-predicted maximum HR.10 RAW 
has been used to investigate the associa-
tion between OPA and CVD,11–13 and high 
RAW has been shown to increase the risk for 

strengths and limitations of this study

 ► The study continuously measured ambulatory heart 
rate for 2–4 days, which was used to calculate the 
relative aerobic workload by the minimum heart rate 
and estimated maximal heart rate.

 ► Individual aerobic capacity was included in the as-
sessment of physical workload.

 ► Resting blood pressure data were collected at one 
time point, and therefore we could not explore the 
acute domain-specific effects on blood pressure 
during and after work.

 ► Ambulatory blood pressure measurements, which 
have greater predictive validity for cardiovascular 
disease outcomes, were not available.

 ► Generalisability of the results is limited to the occu-
pational groups included.
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atherosclerosis,3 incidence of CVD,11 all-cause and cardio-
vascular mortality,11 and blood pressure (BP) elevation.14 
Based on previous experimental studies, it is shown that 
BP is positively related to RAW through cardiac output, 
meaning that OPA raises HR, which increases cardiac 
output and thereby BP.15 However, the authors are only 
aware of one field study among cleaners investigating the 
relation between BP and RAW,14 and to verify these results 
the present study was designed.

BP elevations may be another mechanism explaining 
the association between high OPA and CVD due to 
the linear dose–response association between BP and 
CVD.16 Also, some studies indicate occupational lifting 
to increase BP17 18 due to the repeated acute rises in BP 
when performing the lifting.19 Prolonged exposure to 
elevated BP confers excessive mechanical strain on the 
arterial wall, possibly causing endothelial injury, smooth 
muscle cell proliferation and inflammatory reactions 
leading to atherosclerosis and CVD.20 21 With increasing 
age and increases in cumulative mechanical stresses, the 
arteries gradually lose compliance and thereby the ability 
to dilate sufficiently, increasing peripheral resistance and 
leading to higher BP, augmented by the effects of an early 
return of pulse wave reflection.15 22

However, to our knowledge, only one previous study 
has investigated the association between occupational 
RAW and resting BP using objective HR field measures.14

The objectives of this study were to investigate whether 
occupational RAW was associated with resting BP, and 
secondly to investigate if this relation is moderated by age. 
The hypothesis is that RAW is positively associated with 
resting BP and that this association is stronger among 
older workers.

MethODs
study design and population
Data from the Danish PHysical ACTivity cohort with 
objective measurements (DPhacto)23 were used for this 
study. This study uses baseline data on OPA and BP from 
DPhacto. Fifteen companies in the cleaning, transport and 
manufacturing sectors were enrolled from December 2011 
to March 2013 in collaboration with a large Danish labour 
union.23 The companies were included if they allowed 
measurements during paid working hours. A total of 2107 
recruited participants provided their written informed 
consent prior to participation. Baseline measures included 
questionnaires, measures of anthropometrics, BP, cardio-
respiratory fitness and diurnal measurements of HR. 
Pregnant women were excluded from all measurements, 
and participants with allergy to bandages were excluded 
from the objective diurnal measurements.23 DPhacto was 
conducted according to the Helsinki Declaration24 and 
approved by the Danish Data Protection Agency and local 
ethics committee (H-2-2012-011).

Patient and public involvement
The participants were not actively involved in the study 
design, procedures or analyses. The union representing 

the enrolled workers participated in the recruitment of 
some of the enrolled companies.25

Assessment of exposure
RAW was assessed by the relative HR equation26 as 
%HRR12—a proxy for maximal oxygen consumption 
(VO2max).10 13 HRR was based on estimated age-adjusted 
maximal HR10 and HR during work, objectively measured 
with an HR monitor (Actiheart, CamNtech, Cambridge, 
UK).10 26 Actiheart measures the raw electrocardiographic 
signals with a sensitivity of 0.25 mV and calculates the HR 
from the R peaks in the QRS complex of the ECG. The 
participants were asked to wear the Actiheart 24 hours a 
day for 4 continuous days. The Actiheart is field-validated27 
and frequently used for HR field monitoring.12 The Acti-
heart was mounted directly on the skin by pregelled elec-
trodes (Ambu BlueSensor VL-00-S/25, Ambu, Ballerup, 
Denmark) at one of the validated positions.28

HR measurements were limited to workdays, and 
measures were included in the analysis if they covered at 
least four continuous hours/day or ≥75% of the average 
wear time during work across days per participant, 
including breaks, and had a beat error of 50% or less.28

Participants were asked to fill in a diary stating the time 
at work and in bed, and the remaining time periods were 
analysed as leisure time and therefore includes time spent 
on chores and transportation activities. Accordingly, 
24 hours were divided into periods of work, leisure and 
bedtime. The mean %HRR at work for all measured days 
was calculated as the mean %HRR per day measured at 
the participant level, and the mean across all measured 
days of %HRR during work was then weighted by the 
measured hours of work on separate days. In addition, the 
duration of work exceeding the recommended maximum 
30% RAW during an 8-hour workday was extracted from 
the HRR.13 29

Assessment of outcome
Resting BP was measured at a worksite health check, during 
paid working hours, performed by trained personnel. BP 
was measured three times, after sitting at rest for 10 min, 
using Omron M6 Comfort (Omron Healthcare, Kyoto, 
Japan), while the participant was asked to keep quiet 
and sit still. The average of the three measurements for 
systolic BP (SBP) and diastolic BP (DBP) was used in the 
analysis. In addition pulse pressure (PP) was calculated 
as the average of individual differences between SBP and 
DBP.15 30 SBP values <80 and >240 mm Hg and DBP values 
<50 and >130 mm Hg were considered physiological 
outliers and were excluded from analyses.14

Assessment of covariates
Age and sex were determined using a questionnaire. 
Country of birth was determined by the question ‘In which 
country were you born?’ and dichotomised into Western 
country (all European countries, Australia, Canada and 
USA) or non-Western country. Smoking was assessed by 
the question ‘Do you smoke?’ and dichotomised into yes 
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(‘yes daily’, ‘yes sometimes’) or no (‘used to smoke’, ‘I have 
never smoked’). Body mass index (BMI, kg/m2) was calcu-
lated from body weight (in kilogram; Tanita BC418) and 
height (in metere; Seca model 123 1721009). Cardiore-
spiratory fitness was estimated by the one-point Astrand 
bike ergometer test.31 Use of prescribed medication 
was determined by the questions ‘Have you in the last 
three months been taking prescribed medication?’ and ‘If yes, 
what kind of medication? – Anti-hypertensive - Heart medication 
or Anti-depressives’. Occupational group was determined by 
the workplace of the participant and whether the partici-
pant stated to be working in administration (white-collar 
work) or in production (blue-collar work), thereby repre-
senting four groups: cleaning, manufacturing, transpor-
tation and administration (merged by administrative staff 
across occupational groups). OPA was determined by 
the question ‘How would you describe your physical activity 
in your working hours?’ with four response categories 
(‘Mostly sedentary-no physical demands’, ‘Mostly standing or 
walking-otherwise no physical demands’, ‘Standing and walking 
with lifting or carrying’, and ‘Strenuous physical work’). Rate 
of perceived exertion at work32 was determined by the 
question ‘How physically demanding do you normally consider 
your present work?’ with a 10-scaled response category 
(1–10), where 10 was the most demanding. The extent 
of shift work was determined by the question ‘At which 
time of the day do you usually work in your main occupation?’ 
with the following response categories: ‘Fixed day work’, 
‘Night/Varying working hours with night’ or ‘Other’. Work 
hours per week was assessed by the question ‘How many 
hours per week do you work in your main occupation, incl. extra 
hours?’. Seniority was determined by the question ‘For how 
long have you had the kind of occupation as you have now?’. 
Occupational pushing, pulling, lifting and carrying were 
assessed by the question ‘How much of your working time 
do you push or pull/carry or lift?’ with a 6-point response 
scale from 1 (‘almost all the time’) to 6 (‘never’). Intensity 
of leisure time physical activity (LTPA) was assessed by 
%HRR. The mean %HRR was normalised to the total of 
the included measured leisure time.

statistical analysis
All statistical analyses were performed using SAS V.9.4. 
Associations between %HRR and BP (mm Hg) were 
estimated by linear regression analysis. Participants with 
missing data were excluded. The aforementioned covari-
ates were tested for multicollinearity by variance inflation. 
Due to occurrence of multicollinearity, the covariates 
were excluded from the adjusted model. Covariates 
were included in the adjusted regression models using 
the change-in-effect method with inclusion of those 
covariates that changed the observed effect size (beta 
coefficient) of OPA more than 5% when entered in the 
multivariate model. In addition, age moderation was 
tested by a multiplicative interaction term; if the interac-
tion term was significant (p<0.10), analyses stratified by 
median age were considered to be the adequate analysis. 
The estimates from the stratified analysis were evaluated 

based on the magnitude of differences between strata and 
their clinical significance.

To test the robustness of the findings, sensitivity anal-
yses were additionally adjusted for educational level 
(skilled or unskilled).

results
study population
A total of 562 participants, 326 men and 236 women, aged 
18–68 years constituted the final study sample (figure 1). 
The mean seniority in the current or similar occupation 
was 13.3 years (SD 10.3 years). On average, HR measure-
ments were conducted for 2.5 workdays per participant 
(SD 1.0 day). Additional characteristics of the study popu-
lation are shown in table 1.

Construction of statistical model
The first model estimated the unadjusted association 
between exposure and outcome. The multicollinearity 
diagnostics did not lead to any exclusion of covariates. 
The following covariates met the 5% effect-change crite-
rion and were included in the adjusted regression anal-
yses (model 2): sex, country of birth, smoking, work 
hours per week, alcohol consumption, BMI and LTPA. 
The added interaction term (aerobic workload (%HRR) 
× age) in the adjusted models was significant (p<0.001) 
for all outcomes. Therefore analyses were stratified 
by median age (<47 years old/≥47 years old) and were 
considered as the primary analysis. Moreover, to reduce 
any possible residual confounding by age, we included 
age as a covariate in all stratified models.

Age-stratified analysis
Among participants <47 year old, mean RAW and work 
hours ≥30%HRR were negatively associated with SBP, 
DBP and PP; however, in the adjusted models, none of 
these relationships was statistically significant. Among 
participants ≥47 years old, a 10% increase in mean RAW 
was associated with a statistically significant 2.2 mm Hg 
increase in DBP and a 3.1 mm Hg decrease in PP; each 
hour of work at ≥30%HRR was associated with an increase 
of 0.7 mm Hg in DBP and a decrease of 0.5 mm Hg in PP.

sensitivity analyses
Sensitivity analyses additionally adjusting for educational 
level showed similar patterns (results not shown). Sensi-
tivity analyses, excluding those using prescribed medi-
cation for hypertension, heart diseases and depression 
(n=84), showed a tendency towards lower SBP, with the 
exception of DBP among participants ≥47 years old, but 
no substantial changes among those younger than 47 
years.

DIsCussIOn
The association between RAW and BP differs by age group 
and by specific BP outcome measure. Among participants 
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Figure 1 Flow of the participants.

aged ≥47 years, exposure to higher RAW increases DBP 
and decreases PP.

RAW may increase DBP,14 possibly because OPA is 
performed in an upright position (table 1). Upright posi-
tions increase venous pooling in the lower extremities, 
leading to decreases in central vascular plasma volume, 
which are compensated by increases in cardiac output, 
HR and especially DBP, to maintain sufficient BP for 
continuous perfusion of the upper body and brain.15

The observed pattern with substantial DBP increases 
and smaller decreases in SBP led to a decrease in PP. 
Physiologically, PP describes the relation between stroke 
volume and arterial compliance.15 Previously, aerobic 
exercise has been shown to increase arterial compli-
ance and thus decrease PP33; our PP results among older 
participants are consistent with these findings. However, 
the reduction in PP in our study was primarily due to an 
increase in DBP and much less due to a decrease in SBP. 
Therefore, and also because of the strong recent epidemi-
ological evidence that higher levels of OPA—in contrast 
to LTPA—may be hazardous to cardiovascular health,34 
our results on PP reduction need to be interpreted with 
caution and do not indicate that higher levels of RAW will 
necessarily be cardioprotective.

Theoretically, older age impacts the relationship 
between RAW and BP by the age-dependent lowered 
aerobic capacity,10 leading to an increased RAW by 

performance of the same work.7 8 Additionally, the 
age-dependent progression of arteriosclerosis and 
overall decreased arterial compliance both contribute 
to increases in the total peripheral resistance, leading to 
increases in BP.15 22 Thus, older participants are expected 
to be more vulnerable to increases in RAW and related 
increases in HR and BP. Our results show that participants 
aged ≥47 years have higher DBP, while at the same time 
their PP appears to be inversely related to RAW (table 2), 
which is in contrast to previous literature.15 22 Thus, the 
lower PP across the subgroup of participants aged ≥47 
years needs to be interpreted with caution.

The observed effects across participants aged ≥47 years 
are more susceptible to healthy worker effect survivor 
bias,35 originally describing actively employed to have 
lower mortality rates, than the population as a whole, due 
to the fact that unhealthy individuals more often leave 
the workforce.36 Similarly, migrations out of high OPA 
jobs are expected for workers not physically capable to 
maintain employment due to deterioration of health. 
Consequently, the healthy worker survivor bias reflects 
a selection of healthier workers into high OPA jobs and 
thereby attenuating any estimated disease risks in this 
group. The ‘surviving’ healthy workers may have main-
tained better arterial compliance and could therefore 
experience less increases in the total peripheral resistance 
and BP than those that migrate out of high OPA jobs with 
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Table 1 Baseline characteristics of the study population, by age group

Total population (N=562)
Population aged ≥47 years 
old (n=261)

Population aged <47 years 
old (n=301)

Mean SD n (%) Mean SD n (%) Mean SD n (%)

Age (years) 45.2 10.0 53.6 4.2 37.9 7.5

Sex (female) 236 (42) 117 (45) 119 (40)

Country of birth (non-Western) 25 (4) 9 (3) 16 (5)

Current smoker 165 (29) 66 (25) 99 (33)

Body mass index (kg/m2) 27.3 4.8 27.5 4.3 27.1 5.1

  Overweight (body mass index 
≥25 kg/m2)

366 (65) 186 (71) 180 (60)

Cardiorespiratory fitness (mLO2/min/
kg)

31.9 8.9 29.8 7.5 33.3 9.5

Systolic blood pressure (mm Hg) 134.0 14.4 138.0 14.2 130.5 13.7

Diastolic blood pressure (mm Hg) 83.9 10.0 86.2 9.3 81.9 10.2

Pulse pressure (mm Hg) 50.1 11.0 51.9 11.4 48.6 10.4

Hypertension (≥140/≥90 mm Hg and/
or using antihypertensives)

231 (41) 129 (49) 102 (34)

Using one or more of prescription 
medication (antihypertensive, 
antidepressive or heart medication)

83 (15) 61 (23) 22 (7)

  Antihypertensive 17 (3) 11 (6) 1 (1)

  Antidepressive 16 (3) 6 (3) 6 (3)

  Heart medication 67 (12) 44 (24) 10 (6)

Occupational group

  Cleaning 91 (16) 50 (19) 41 (14)

  Manufacturing 384 (68) 169 (65) 215 (71)

  Transport 53 (9) 25 (10) 28 (9)

  Administration 34 (6) 17 (7) 17 (6)

Educational level (skilled) 183 (33)

Subjectively rated intensity of 
occupational physical activity (scale 
1–4)

76 (29) 107 (36)

  1: mostly sedentary-no physical 
demands

91 (16) 32 (17) 27 (15)

  2: mostly standing or walking-no 
physical demands

103 (18) 36 (19) 34 (19)

  3: standing and walking with lifting 
or carrying

257 (46) 83 (45) 85 (47)

  4: strenuous physical work 79 (14) 23 (12) 25 (14)

Lifting and carrying at work (scale 
1–6)

3.7 1.4 3.7 1.4 3.6 1.5

  Lifting and carrying ≥50% of time 224 (40) 101 (39) 123 (41)

Pushing and pulling at work (scale 
1–6)

3.8 1.4 3.9 1.3 3.7 1.4

  Pushing and pulling ≥50% of time 198 (35) 81 (31) 117 (18)

Rate of perceived exertion at work 
(scale 1–10)

5.8 2.2 5.8 2.2 5.7 2.2

Seniority in current or similar 
occupation (years)

13.6 10.3 17.2 11.5 10.5 7.8

Work hours per week 38.1 5.2 37.4 4.8 38.7 5.5

Shift work (night shift) 78 (14) 33 (13) 45 (15)

Continued
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Total population (N=562)
Population aged ≥47 years 
old (n=261)

Population aged <47 years 
old (n=301)

Mean SD n (%) Mean SD n (%) Mean SD n (%)

Intensity of physical activity during 
leisure (%HRR)

25.6 5.1 25.3 5.5 25.6 4.6

Total duration of included 
measurements of working hours 
(hours)

18.7 7.7 19.3 7.7 18.3 7.5

Duration of included working hours 
per day (hours/day)

7.6 1.3 7.6 1.3 7.6 1.3

Relative aerobic workload (%HRR) 
during working hours

30.0 7.5 29.9 7.8 30.0 7.2

Mean %HRR ≥30 during working 
hours

282 (50) 126 (48) 154 (51)

Working hours ≥30%HRR (hours/
day)

3.0 1.8 3.0 1.9 3.0 1.7

%HRR, per cent heart rate reserve.

Table 1 Continued

Table 2 Adjusted associations of 10% increments in mean relative aerobic workload (%HRR) and hours of work at ≥30%HRR 
with SBP, DBP and pulse pressure, by age group (<47 years old, n=301; ≥47 years old, n=261)

Age group

SBP DBP Pulse pressure

mm Hg 95% CI P value mm Hg 95% CI
P value

mm Hg 95% CI P value

10% changes 
in mean relative 
aerobic workload

  <47 years old Model 1 −2.29 −4.44 to −0.14 0.04 −0.47 −2.07 to 1.14 0.57 −1.83 −3.47 to −0.19 0.03

Model 2 −1.65 −3.77 to 0.46 0.12 −0.66 −2.26 to 0.93 0.41 −0.99 −2.75 to 0.77 0.27

  ≥47 years old Model 1 −1.28 −3.51 to 0.95 0.26 2.19 0.74 to 3.64 <0.01* −3.47 −5.22 to −1.72 <0.01

Model 2 −0.84 −3.62 to 1.93 0.55 2.23 0.43 to 4.02 0.02* −3.07 −5.18 to −0.95 <0.01

Duration of relative aerobic 
workload ≥30%HRR

  <47 years old Model 1 −0.73 −1.62 to 0.16 0.11 −0.05 −0.71 to 0.61 0.88 −0.68 −1.36 to −0.01 0.05

Model 2 −0.44 −1.32 to 0.43 0.32 −0.01 −0.66 to 0.65 0.99 −0.44 −1.16 to 0.29 0.24

  ≥47 years old Model 1 −0.06 −0.98 to 0.86 0.90 0.84 0.24 to 1.43 <0.01* −0.90 −1.63 to −0.17 0.02

Model 2 0.14 −0.91 to 1.20 0.79 0.68 −0.01 to 1.36 0.05 −0.53 −1.35 to 0.28 0.20

Model 2 is adjusted for age, sex, country of birth, smoking, work hours per week, alcohol consumption, body mass index and HRR intensity during 
leisure time physical activity.
DBP, diastolic blood pressure; %HRR, per cent heart rate reserve; SBP, systolic blood pressure.

less compliant arteries. A lower BP and a lower HR due to 
higher aerobic capacity among younger healthier workers 
may enable these selected workers to cope better with the 
high OPA than would be expected from older workers, 
or the general population including many retirees or 
persons with disabling conditions. This could also explain 
why the PP decreases among surviving workers aged ≥47 
years old. Yet the decrease in PP may also be explained 
by the notion that increases in SBP are thought to lead to 
angina pectoris.37 This would lead workers with coronary 
heart disease to leave high OPA jobs and thus generate a 
healthy worker survivor bias. The healthy worker survivor 
bias may therefore be especially pronounced among 

populations including workers with diagnosed hyper-
tension or heart disease. However, our sensitivity analysis 
excluding those participants using prescription medicine 
for hypertension, heart diseases and depression (n=84) 
showed results similar to the primary results.

To our knowledge, only one previous study investigated 
the association between RAW and BP.14 This study showed 
positive relations between RAW and BP. One explanation 
for these contradictory findings could be the difference 
in the timing of the BP measurement. In the current 
study, we studied resting BP, which is only measured 
at one time point, whereas the former study measured 
ambulatory BP every 20 min during waking time,14 which 
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better captures the immediate short-term responses of 
RAW to BP during workday. Even if higher RAW does not 
increase resting BP, it may still increase BP during work 
and the average 24-hour BP, which would increase CVD 
risk despite small decreases in resting BP. Future prospec-
tive investigations of the effects of RAW on 24-hour ambu-
latory BP, cumulative HR and other cardiovascular risk 
factors are needed to better understand the mechanisms 
explaining previous findings showing that 10% increases 
in RAW increase all-cause mortality by 13%, coronary 
heart disease mortality by 28% and acute myocardial 
infarction by 18%.11 12

Practical implications
Occupational groups exposed to high RAW suffer from 
increased risks of CVD.1–4 11 To develop targeted interven-
tions for the prevention of hypertension and CVD among 
working populations, better understanding of the aetio-
logical mechanisms is needed. Our results show that mean 
levels and duration of high RAW are positively associated 
with increases in DBP, especially among participants ≥47 
years old. These results indicate that among the older 
subgroup, it would take less than a 10% rise in the mean 
RAW or approximately 176 min during work at an inten-
sity of ≥30%HRR to increase DBP by 2 mm Hg, a change 
that is being considered clinically significant at the popu-
lation level.38 39 Hence, our results indicate potential for 
primary prevention of hypertension and CVD by keeping 
OPA below the recommended maximum level of RAW, 
that is, below 30%HRR.13 29

Methodological considerations
A strength of this study is the continuously measured 
HR for 24 hours/day for 2–4 days. The HR measures 
were used to calculate the minute-by-minute RAW, by the 
measured minimum HR and estimated maximal HR,10 
thus including the individual aerobic capacity into the 
assessment of physical workload. RAW was calculated both 
as a mean across a workday and as the number of working 
hours spent in excess of the recommended maximum 
intensity of 30%HRR.

In the stratified analysis, the estimates were evaluated 
based on their differences in the subgroups as well as 
their clinical significance.

However, the study also has some limitations. No power 
calculation was performed initial to this study, which 
might explain the weak associations reported. We only 
had one-time resting BP data and therefore could not 
explore the acute domain-specific effects on BP during 
and after work. Moreover, ambulatory BP has been shown 
to be of greater predictive validity for CVD outcomes than 
resting BP.40 41 Also, the measured resting BP may overes-
timate the individual level of PP due to the usual greater 
rise in SBP than DBP during such measurements.42 Thus, 
future studies should strive to collect ambulatory BP. The 
generalisability of the results is limited to the occupa-
tional groups included.

COnClusIOn
These cross-sectional associations of mean daily RAW and 
work hours at ≥30%HRR with BP showed that the effects 
of RAW on BP differ by age group and by specific BP 
outcome measure. Among older but not younger workers, 
exposure to higher RAW increases DBP measures and 
decreases PP.

These observations indicate more complex relation-
ships between RAW and age as previously assumed and 
call for additional research examining various pathophys-
iological mechanisms that might explain the observed 
increased risks for hypertension and CVD among workers 
exposed to high levels of RAW.

Author affiliations
1Unit of Muscoloskeletal Disorders and Physical Workload, National Research Centre 
for the Working Environment, Copenhagen, Denmark
2Department of Public Health, Universiteit Gent, Gent, Belgium
3Environmental Health Sciences, University of California Los Angeles, Los Angeles, 
California, USA
4Department of Forensic Science, University of Copenhagen, Copenhagen, Denmark
5Department of Sports Science and Clinical Biomechanics, University of Southern 
Denmark, Odense, Denmark

Contributors MBJ and AH conceived the idea for the cohort and supervised the 
collection of data and building of the database, as well as discussed and revised 
the protocol for this study and the manuscript critically. MK conceived the idea for 
this study, wrote the initial protocol for analysis, carried out the analysis and drafted 
the manuscript. EC, NK and NG interpreted and discussed the results and revised 
the protocol for analysis and manuscript critically. All authors are accountable for all 
aspects of the work and have approved the final version of the manuscript.

Funding This work was supported by the Danish Work Environment Research 
Foundation (grant number 20150067515).

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

reFerenCes
 1. Holtermann A, Burr H, Hansen JV, et al. Occupational physical 

activity and mortality among Danish workers. Int Arch Occup Environ 
Health 2011.

 2. Clays E, De Bacquer D, Van Herck K, et al. Occupational and leisure 
time physical activity in contrasting relation to ambulatory blood 
pressure. BMC Public Health 2012;12:1002.

 3. Krause N, Brand RJ, Arah OA, et al. 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;41:124–39.

 4. Coenen P, Korshøj M, Hallman DM, et al. Differences in heart rate 
reserve of similar physical activities during work and in leisure 
time – a study among Danish blue-collar workers. Physiol Behav 
2018;186:45–51.

 5. Palatini P. Heart rate as an independent risk factor for cardiovascular 
disease: current evidence and basic mechanisms. Drugs 
2007;67(Suppl 2):3–13.

 6. Krause N, Lynch JW, Kaplan GA, et al. Standing at work and 
progression of carotid atherosclerosis. Scand J Work Environ Health 
2000;26:227–36.

P
rotected by copyright.

 on O
ctober 15, 2019 at K

obenhavns U
niversitets B

ibliotek.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-029713 on 24 S

eptem
ber 2019. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1186/1471-2458-12-1002
http://dx.doi.org/10.5271/sjweh.3476
http://dx.doi.org/10.5271/sjweh.3476
http://dx.doi.org/10.1016/j.physbeh.2018.01.011
http://dx.doi.org/10.5271/sjweh.536
http://bmjopen.bmj.com/


8 Korshøj M, et al. BMJ Open 2019;9:e029713. doi:10.1136/bmjopen-2019-029713

Open access 

 7. MacArdle WD, Katch FI, Katch VL. Exercise physiology energy, 
nutrition and human performance, vol. 6. Lippincott, Williams and 
Wilkins, 2007.

 8. Meyers DA, Goldberg AP, Bleecker ML, et al. Relationship of obesity 
and physical fitness to cardiopulmonary and metabolic function in 
healthy older men. J Gerontol 1991;46:M57–65.

 9. Ilmarinen J. Ageing workers in Finland and in the European 
Union: their situation and the promotion of their working ability, 
Employability and employment. Geneva Papers 2001;26:623–41.

 10. Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart rate 
revisited. J Am Coll Cardiol 2001;37:153–6.

 11. Krause N, Arah OA, Kauhanen J. Physical activity and 22-year 
all-cause and coronary heart disease mortality. Am J Ind Med 
2017;60:976–90.

 12. Korshøj M, Lidegaard M, Skotte JH, et al. Does aerobic exercise 
improve or impair cardiorespiratory fitness and health among 
cleaners? a cluster randomized controlled trial. Scand J Work 
Environ Health 2015;41:140–52.

 13. Wu H-C, Wang M-JJ. Relationship between maximum acceptable 
work time and physical workload. Ergonomics 2002;45:280–9.

 14. Korshøj M, Clays E, Lidegaard M, et al. Is aerobic workload positively 
related to ambulatory blood pressure? A cross-sectional field study 
among cleaners. Eur J Appl Physiol 2016;116:145–52.

 15. Klabunde R. Cardiovascular physiology concepts. Lippincott Williams 
& Wilkins, 2011.

 16. Olsen MH, Angell SY, Asma S, et al. A call to action and a lifecourse 
strategy to address the global burden of raised blood pressure 
on current and future generations: the Lancet Commission on 
hypertension. The Lancet 2016;388:2665–712.

 17. Fransson E, De Faire U, Ahlbom A, et al. The risk of acute myocardial 
infarction: interactions of types of physical activity. Epidemiology 
2004;15:573–82.

 18. Petersen CB, Eriksen L, Tolstrup JS, et al. Occupational heavy lifting 
and risk of ischemic heart disease and all-cause mortality. BMC 
Public Health 2012;12:1070.

 19. MacDougall JD, Tuxen D, Sale DG, et al. Arterial blood 
pressure response to heavy resistance exercise. J Appl Physiol 
1985;58:785–90.

 20. Suo J, Oshinski JN, Giddens DP. Blood flow patterns in the proximal 
human coronary arteries: relationship to atherosclerotic plaque 
occurrence. Mol Cell Biomech 2008;5:9–18.

 21. Glagov S, Zarins C, Giddens DP, et al. Hemodynamics and 
atherosclerosis. insights and perspectives gained from studies of 
human arteries. Arch Pathol Lab Med 1988;112:1018–31.

 22. Wen W, Luo R, Tang X, et al. Age-Related progression of arterial 
stiffness and its elevated positive association with blood pressure in 
healthy people. Atherosclerosis 2015;238:147–52.

 23. Jørgensen MB, Korshøj M, Lagersted-Olsen J, et al. Physical 
activities at work and risk of musculoskeletal pain and its 
consequences: protocol for a study with objective field measures 
among blue-collar workers. BMC Musculoskelet Disord 2013;14.

 24. General assembly of the world medical A: world Medical association 
Declaration of Helsinki: ethical principles for medical research 
involving human subjects. J Am Coll Dent 2014;81:14–18.

 25. Jørgensen MB, Gupta N, Korshøj M, et al. The DPhacto cohort: an 
overview of technically measured physical activity at work and leisure 

in blue-collar sectors for practitioners and researchers. Appl Ergon 
2019;77:29–39.

 26. Karvonen MJ, Kentala E, MUSTALA O. The effects of training 
on heart rate; a longitudinal study. Ann Med Exp Biol Fenn 
1957;35:307–15.

 27. Barreira TV, Kang M, Caputo JL, et al. Validation of the Actiheart 
monitor for the measurement of physical activity. International 
Journal of Exercise Science 2009;2:60–71.

 28. Skotte J, Korshøj M, Kristiansen J, et al. Detection of physical 
activity types using triaxial accelerometers. J Phys Act Health 
2014;11:76–84.

 29. FH B. Energy Expenditure. In: P L, ed. Encyclopedia of occupational 
health and safety. 2nd edn. Geneva: International Labour 
Organisation, 1971: 458–60.

 30. Verdecchia P, Schillaci G, Borgioni C, et al. Ambulatory pulse 
pressure: a potent predictor of total cardiovascular risk in 
hypertension. Hypertension 1998;32:983–8.

 31. Åstrand P-O, Ryhming I. A nomogram for calculation of aerobic 
capacity (physical fitness) from pulse rate during sub-maximal work. 
J Appl Physiol 1954;7:218–21.

 32. Borg GA. Perceived exertion: a note on "history" and methods. Med 
Sci Sports 1973;5:90–3.

 33. Nowak KL, Rossman MJ, Chonchol M, et al. Strategies for achieving 
healthy vascular aging. Hypertension 2018;71:389–402.

 34. Holtermann A, Krause N, van der Beek AJ, et al. 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;52:149–50.

 35. Brown DM, Picciotto S, Costello S, et al. The healthy worker survivor 
effect: target parameters and target populations. Curr Environ Health 
Rep 2017;4:364–72.

 36. McMichael AJ. Standardized Mortality Ratios and the "Healthy 
Worker Effect": Scratching Beneath the Surface. J Occup Environ 
Med 1976;18:165–8.

 37. Robinson BF. Relation of heart rate and systolic blood pressure to 
the onset of pain in angina pectoris. Circulation 1967;35:1073–83.

 38. Lewington S, Clarke R, Qizilbash N, et al. 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;360:1903–13.

 39. Brunström M, Carlberg B. Association of blood pressure lowering 
with mortality and cardiovascular disease across blood pressure 
levels: a systematic review and meta-analysis. JAMA Intern Med 
2018;178:28–36.

 40. Hansen TW, Kikuya M, Thijs L, et al. Prognostic superiority of 
daytime ambulatory over conventional blood pressure in four 
populations: a meta-analysis of 7030 individuals. J Hypertens 
2007;25:1554–64.

 41. Hodgkinson J, Mant J, Martin U, et al. Relative effectiveness of clinic 
and home blood pressure monitoring compared with ambulatory 
blood pressure monitoring in diagnosis of hypertension: systematic 
review. BMJ 2011;342:d3621.

 42. Mancia G, Bertinieri G, Grassi G, et al. Effects of blood-pressure 
measurement by the doctor on patient's blood pressure and heart 
rate. Lancet 1983;2:695–8.

P
rotected by copyright.

 on O
ctober 15, 2019 at K

obenhavns U
niversitets B

ibliotek.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-029713 on 24 S

eptem
ber 2019. D

ow
nloaded from

 

http://dx.doi.org/10.1093/geronj/46.2.M57
http://dx.doi.org/10.1111/1468-0440.00144
http://dx.doi.org/10.1016/S0735-1097(00)01054-8
http://dx.doi.org/10.1002/ajim.22756
http://dx.doi.org/10.5271/sjweh.3475
http://dx.doi.org/10.5271/sjweh.3475
http://dx.doi.org/10.1080/00140130210123499
http://dx.doi.org/10.1007/s00421-015-3259-9
http://dx.doi.org/10.1016/S0140-6736(16)31134-5
http://www.ncbi.nlm.nih.gov/pubmed/15308957
http://dx.doi.org/10.1186/1471-2458-12-1070
http://dx.doi.org/10.1186/1471-2458-12-1070
http://dx.doi.org/10.1152/jappl.1985.58.3.785
http://www.ncbi.nlm.nih.gov/pubmed/18524242
http://www.ncbi.nlm.nih.gov/pubmed/3052352
http://dx.doi.org/10.1016/j.atherosclerosis.2014.10.089
http://dx.doi.org/10.1186/1471-2474-14-213
http://dx.doi.org/10.1016/j.apergo.2019.01.003
http://www.ncbi.nlm.nih.gov/pubmed/13470504
http://dx.doi.org/10.1123/jpah.2011-0347
http://dx.doi.org/10.1161/01.hyp.32.6.983
http://dx.doi.org/10.1152/jappl.1954.7.2.218
http://www.ncbi.nlm.nih.gov/pubmed/4721012
http://www.ncbi.nlm.nih.gov/pubmed/4721012
http://dx.doi.org/10.1161/HYPERTENSIONAHA.117.10439
http://dx.doi.org/10.1136/bjsports-2017-097965
http://dx.doi.org/10.1007/s40572-017-0156-x
http://dx.doi.org/10.1007/s40572-017-0156-x
http://dx.doi.org/10.1097/00043764-197603000-00009
http://dx.doi.org/10.1097/00043764-197603000-00009
http://dx.doi.org/10.1161/01.CIR.35.6.1073
http://dx.doi.org/10.1016/s0140-6736(02)11911-8
http://dx.doi.org/10.1001/jamainternmed.2017.6015
http://dx.doi.org/10.1097/HJH.0b013e3281c49da5
http://dx.doi.org/10.1136/bmj.d3621
http://dx.doi.org/10.1016/s0140-6736(83)92244-4
http://bmjopen.bmj.com/

	Associations between occupational relative aerobic workload and resting blood pressure among different age groups: a cross-sectional analysis in the DPhacto study
	Abstract
	Introduction
	Methods
	Study design and population
	Patient and public involvement
	Assessment of exposure
	Assessment of outcome
	Assessment of covariates
	Statistical analysis

	Results
	Study population
	Construction of statistical model
	Age-stratified analysis
	Sensitivity analyses

	Discussion
	Practical implications
	Methodological considerations

	Conclusion
	References


