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Objective It is unknown if aerobic exercise overloads or improves the cardiovascular system among workers
with high occupational physical activity. This was investigated in a worksite randomized controlled trial (RCT)
of aerobic exercise among cleaners.
Methods We randomized 116 cleaners between 18–65 years. The aerobic exercise group (N=57) performed
worksite aerobic exercise (30 minutes twice a week) and the reference group (N=59) received lectures. Cardiorespiratory fitness, blood pressure (BP) and diurnal heart rate (HR) for measuring aerobic workload [%HR reserve
(%HRR)] were collected at baseline and after four months. A repeated measure 2×2 multi-adjusted mixed-model
design was applied to compare the between-group differences in an intention-to-treat analysis.
Results Between-group differences (P<0.01) were found: cardiorespiratory fitness 2.2 [standard error (SE)

0.8] ml O2 × min-1 × kg-1 [95% confidence interval (95% CI) 0.6–3.8], aerobic workload -3.5 (SE 1.2) %HRR
(95% CI -5.9– -1.0), resting HR -3.8 (SE 1.2) bpm (95% CI -6.1– -1.4), sleeping HR -3.8 (SE 1.1) bpm (95%
CI - 5.9– -1.7), and systolic BP 3.6 (SE 1.3) mmHg (95% CI 1.1–6.0).

Conclusions Worksite aerobic exercise seems to improve cardiorespiratory fitness, aerobic workload, and rest-

ing and sleeping HR, but increase systolic BP among cleaners. Beneficial physiological cardiovascular effects
are seen from aerobic exercise, but also a harmful effect is evident. Therefore, recommendations should take
into consideration the potential cardiovascular overload from additional aerobic exercise on workers with high
levels of occupational physical activity.

Key terms Actiheart, aerobic training, aerobic workload, blood pressure, Denmark, physical activity, physical
work demand, RCT, resting heart rate, sleeping heart rate, step test, work demand, worksite intervention

A recent meta-analysis (1) reports that moderate and high
levels of occupational physical activity increase the risk
of cardiovascular disease (CVD). The risk for CVD is
especially strong among workers who have high levels of
occupational physical activity combined with low cardiorespiratory fitness (2, 3). Compared to a worker with high
cardiorespiratory fitness, workers with low cardiorespiratory fitness experience a higher relative aerobic workload
when performing the same physical work task (4). A high

relative aerobic workload accelerates progression of arteriosclerosis (5, 6), and increases the risk of myocardial
infarction (7). Therefore, a balanced relationship between
occupational physical activity and cardiorespiratory fitness of the worker is recommended for reducing overall
risk of work-related cardiovascular overstrains (8, 9).
Specifically, the International Labour Organization has
recommended that the average aerobic workload should
not exceed 30% during an 8-hour working day (10, 11).
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Heart rate reserve (HRR) is a validated objective
measure of relative aerobic workload, ie, the relationship
between physical work demands and a worker’s aerobic
capacity (cardiorespiratory fitness) (12, 13). HRR is
assessed by resting heart rate, which depends on cardiorespiratory fitness, and maximal heart rate (HRmax), which
depends on age (14), and is thereby applicable across
workers of varying age and aerobic capacities (15).
An imbalance between physical work demands and
cardiorespiratory fitness can be targeted either by reducing physical work demands or enhancing cardiorespiratory fitness (3, 9) or the combination thereof. To our
knowledge, a reduction of the relative aerobic workload
by aerobic exercise has not yet been shown to be successful among blue-collar workers. High quality aerobic
exercise interventions among workers with high levels
of occupational physical activity are few and with conflicting findings (16–19), especially regarding cardiovascular risk factors such as cardiorespiratory fitness and
blood pressure (BP) (20, 21).
Actually, it has been discussed in the literature,
whether introducing aerobic exercise could overload and
thereby impair the cardiovascular system among workers with high levels of occupational physical activity
(22, 23). Workers with high levels of occupational physical activity often have a low cardiorespiratory fitness (4,
24–26) and limited ability for pauses and restitution,
which may result in an increased risk of overloading
and impairing the cardiovascular system (22). Thus,
an aerobic exercise intervention may affect factors for
cardiovascular disease both positively and negatively.
Clearly, it is important to investigate if aerobic exercise
among workers with high occupational physical activity
will reduce their cardiovascular risk.
Cleaning is characterized by high levels of occupational physical activity (24, 27, 28). Cleaners’ cardiorespiratory fitness has been described as relatively low
and consequently a high relative aerobic workload is
expected (4, 28). Moreover, a high prevalence of other
cardiovascular risk factors including hypertension and
obesity (25, 29), and an overall elevated CVD risk
have been reported among cleaners (30, 31). Classical
interventions have aimed to lower the relative aerobic workload among cleaners through the ergonomic
improvement of tools (32–34). Additionally, a natural
experiment has been used to evaluate work technique
and organizational aspects in relation to relative aerobic workload (28). However, these studies did not find
significant reductions in the relative aerobic workload
by intervening on the physical work demands with
ergonomic or organizational interventions. An alternative approach to decrease the aerobic workload is an
intervention aimed at enhancing the cardiorespiratory
fitness with aerobic exercise. Cleaners therefore constitute a suitable study population to investigate if worksite

aerobic exercise will improve cardiorespiratory fitness,
relative aerobic workload and cardiovascular risk factors
among workers with high occupational physical activity.
The main objective of this study was to investigate
if a worksite aerobic exercise intervention will improve
cardiorespiratory fitness, relative aerobic workload, and
other cardiovascular risk factors in a cluster randomized controlled trial (RCT) among cleaners. The main
hypotheses of the study were that the worksite aerobic
exercise intervention would (i) increase the cardiorespiratory fitness, (ii) decrease the aerobic workload, and
(iii) not modify BP or resting and sleeping heart rate
(testing the null hypothesis).

Methods
Study design
As part of a cluster RCT, the intervention was divided
into two phases with different aims. The aim of phase
one, from baseline to 4-months follow-up, was to evaluate the efficacy of the intervention on cardiorespiratory
fitness, aerobic workload, and cardiovascular risk factors. Outcomes were measured at baseline, and again at
4 and 12 months after baseline (35). The present paper
reports the results from the first intervention phase (0–4
months) on cardiorespiratory fitness and cardiovascular
risk factors.
The Danish Data Protection Agency and the Ethics
Committee for the regional capital in Denmark (journal
number H-2-2011-116) approved the study, which was
conducted in accordance with the Helsinki Declaration
and is registered as ISRCTN86682076 in the Current Controlled Trials (www.controlled-trials.com/
ISRCTN86682076).
Recruitment of worksites and study participants
Cleaning companies in the suburban area of Copenhagen, Denmark, were recruited via direct phone or email
contact to the management. If the company expressed an
interest in the project, a meeting was arranged between
the research group and company management. If the
company agreed to participate, written information about
the aim, content and activities involved in participation
(project activities) was distributed to all employed cleaners, and they were also invited to an information meeting.
Employed cleaners completed a screening questionnaire,
collecting background information such as ethnicity,
smoking status, job seniority, and levels of physical activity during working hours and leisure time (35). Additionally, the cleaners were asked if they wished to participate
in the study, and if not, the reason why.
Scand J Work Environ Health 2015; vol 41, no 2
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At company level, study inclusion criteria were staff
of >50 employed cleaners and management’s permission
for cleaners to participate in the project activities during
paid working time. At participant level, inclusion criteria
were age 18–65 years, employment as cleaning assistant
for >20 hours per week, and signed informed consent to
participate in the study.
The only exclusion criterion for participating in the
intervention was pregnancy. However, the following
conditions excluded participation in the specific physical
capacity tests: congestive heart failure, hospital admission for myocardial infarction or acute coronary syndrome within the last two years, angina pectoris, severe
hypertension (≥160/≥100 mmHg), serious or chronic
illness, severe trauma, frequent migraine, and fever on
the day of testing. Allergy to adhesive plasters excluded
participation in diurnal HR measurements.
Randomization
Randomization was performed at cluster level. A cluster
was set within strata, and stratums were formed according to which manager the participant reported. Clusters
were balanced on geographical work location, gender,
age, and job seniority. To minimize imbalance across
several strata, the clusters were paired according to number of participants, gender, age, and job seniority, within
each stratum. A stratum was named alphabetically, and
a cluster was named consecutively within each stratum.
The randomization was carried out by a researcher
blinded to the identity of the participants, strata, and
clusters. Three researchers supervised the reliability
of the randomization procedure. All paired clusters
assigned to the specific stratum were drawn from an
opaque, tossed bag and were alternately allocated to
either reference or aerobic exercise group, depending
on the flip of a coin. Tails decided allocation of the first
of the two drawn paired clusters to the reference group
and heads to the aerobic exercise group. The second of
the two drawn paired clusters was allocated to the group
opposite to the first (35).
Intervention
During the intervention, the reference group was offered
two lectures of two hours each. The aerobic exercise
group was offered supervised aerobic exercise of 2×30
minutes/week, in total 32 sessions. All project activities
were carried out during paid working hours, at or nearby
the worksite. The lectures addressed healthy living, but
not physical activity, and participants were invited to
suggest topics. The aerobic exercise was aimed to be
performed at an intensity of ≥60% of maximal oxygen
consumption (VO2max) for enhancing the cardiorespiratory fitness (36). Through a modified intervention map-
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ping approach (37), the aerobic exercises were tailored
to each of the enrolled companies individually (35).
The following two key points determined the intervention protocol: (i) Feasibility: it should be possible to
execute the aerobic exercise at or nearby the enrolled
company, during paid working hours; (ii) Motivation:
the intervention activities should apply to the participants’ preferences. In order to meet these requirements,
company-specific intervention protocols were developed
in collaboration between researchers and representatives
from the company management, employed cleaners,
and union.
Data collection
All participants were tested at baseline and after the
4-months intervention period. The test consisted of a
structured interview, physical testing of health- and
capacity-related measures and objective diurnal measures
of HR (35). Participants got instant feedback from the
physical testing. Participants were encouraged to contact
a physician if their systolic or diastolic BP exceeded recommended levels (≥140 and/or ≥90 mmHg) (38). HR was
measured over four days (mostly two working and two
non-working days). Participants were instructed in how
to wear the monitor and to write a log of working hours,
sleeping time, and time periods spent without monitors.
During the diurnal measurements, participants were asked
to live their normal every-day life.
The interview assessed sex, education, occupational
group, employment status, job seniority, level of perceived exertion during work on a 6–20 scale (39), occupational and leisure-time physical activity (40), general
health (41), diagnosed illnesses, and daily use of heart
disease or anti-hypertension medication. The interview
approach was chosen with the aim of collecting background data without missing observations because many
of the participants are not ethnic Danes and have poor
reading and writing skills.
Physical examinations measured body weight (kg)
and fat (%) with a bioelectric-impedance-analysis tool,
Tanita BC418, (Tanita Corp, Toyko, Japan), height with
Seca model 213 1721009, and waist circumference with
Seca model 201 (Seca, Hamburg, Germany). The waist
was defined as the narrowest point between the lowest
rib and the iliac crest (42, 43). Body mass index (BMI),
was calculated as body weight (kg) divided by body
height squared (m2) (42). Three BP measurements were
collected with Omron M6 Comfort (Omrom Healthcare,
Kyoto, Japan) on the upper-left arm after minimum 15
minutes of sitting rest. Level of cardiorespiratory fitness
was estimated by a sub-maximal step test (44) conducted
on a bench of 30 cm height for females and 35 cm for
males. Step frequency was increased from 0.2 steps per
second to maximal 0.8 steps per second, at maximal six
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minutes of testing time. The step test was terminated
when the participant could no longer keep the stepping
rhythm or properly extend the knee. Measurements
were conducted with participants wearing light clothes
and no shoes.
The diurnal measurements of HR were performed
with Actiheart (Camntech, Cambridge, UK). Actiheart
is validated for measurement of HR, HR variability, and
estimation of energy expenditure in the field (45, 46). The
electrocardiographic raw signals are measured with a sensitivity of 0.25 mV, and HR is calculated as the number
of R peaks in the QRS complex per minute. Before measurement, the Actiheart monitor was initialized by gender
and age, and mounted with ag-ag-cl pre-gelled electrodes
(Ambu blue sensor VL-00-S/25, Ambu Ballerup, Denmark) at one of the validated body positions (47).
During the intervention period, the instructor registered participation in the aerobic exercise group at every
session. Additionally, Actiheart was used to measure
the intensity of the aerobic exercise every fourth week
at one session, which was calculated in percent of HRR
(48). HRR was defined as the difference between the
estimated HRmax (14) and the sleeping HR (SHR), with
SHR defined as the 10th lowest recorded HR value during 24 hours (49). HRR represents the workers relative
aerobic workload as the range between SHR and HRmax
(48). HRR is based on measured HR throughout the
24-hour measurements, and reflects both physical and
psychosocial demands (50).
Sample size
The power calculation, performed prior to the study,
showed that the expected increase in cardiorespiratory
fitness of 4% would take 52 participants in each of the
two intervention groups to show significance at a level
of 0.05. Sample size calculations assumed recruitment
of 40% of eligible cleaners and a dropout rate of 30%
during the intervention (35).
Analysis
The primary outcome of this trial is 4-months change in
cardiorespiratory fitness (ml O2 × min-1 × kg-1). Secondary outcomes are 4-months changes in relative aerobic
workload (%HRR), RHR in beats-per-minute (bpm),
SHR (bpm), and resting systolic BP (mmHg). Only HR
measurements with beat error of ≤50% were included
to meet the data quality criteria set by Skotte and colleagues (51).
Ethnicity was classified as western or non-western
based on country of birth. All European countries,
Australia, Canada, and USA were considered western.
The mean of the second and third BP measurement was
calculated and evaluated as a secondary outcome.

Statistical analysis
Statistical analyses were performed using SPSS statistics
software (version 21) (IBM Corp, Armonk, NY, US) and
the SAS statistical software for Windows (version 9.3)
(SAS Institute, Cary, NC, US).
All analyses were performed according to the intention-to-treat principle, in which all randomized participants are included in the statistical analyses (52).
Missing values were imputed for neither outcome nor
covariate variables (53). Both within- and betweengroup 4-month changes of all outcomes were computed
with standard errors (SE) and 95% confidence intervals
(95% CI). Differences in 4-month changes of all outcomes were analyzed in repeated-measures 2×2 mixed
-model design. Independent categorical variables (fixed
factors) were group (aerobic exercise and reference),
measurement time (baseline and 4-month follow-up),
and the interaction between group and measurement
time. Participants were entered in the model as a random
effect nested in clusters to account for the cluster-based
randomization. Covariates were chosen based on: baseline differences between groups, theoretically considered confounders, and their statistical association with
the group and measurement time. The following covariates (reference value in parenthesis) were entered into
the mixed models in the following incremental steps:
(i) baseline value of the respective outcome, (ii) age,
sex (male), daily use of antihypertension and/or heart
medication (none), smoking status (never smoking and/
or currently non-smoking), and either level of leisuretime physical activity (<2 hours/weeks light activity)
or baseline cardiorespiratory fitness. The intervention
effect estimates were reported as between-group mean
difference, SE, 95% CI, and P-value.
A sensitivity analysis excluding participants reporting use of antihypertension and/or heart medication on
a daily basis was performed using the same statistical
methods. A secondary between-group analysis stratified
on baseline level of aerobic workload (low <30%HRR
or high ≥30%HRR) was conducted.

Results
Flow of participants
All of the three contacted companies agreed to participate. Researchers presented the study to 250 cleaners
in the companies. Information meetings were arranged
jointly with the company’s obligatory employee meetings. In total, 137 (57%) wished to participate and were
invited to the baseline measurement. Of those, 116
underwent baseline measurements and were randomScand J Work Environ Health 2015; vol 41, no 2
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ized, with 57 assigned to the aerobic exercise group
and 59 to the reference group. The main self-reported
reasons for non-participation were lack of time (40%)
or not finding the project relevant (11%).
After baseline measurements, 34 (29%) participants
(19 from the aerobic exercise and 15 from the reference
group) dropped out of the study and were lost to followup (figure 1). The main reasons given for dropping out
were difficulties in making time for the project activities during working hours (24%) and being too tired to
participate (18%); 27% did not give any reason.
Compliance
The 29% drop out was within the expected 30%. Participants randomized to the aerobic exercise participated
on average in 51% of the planned sessions during the
intervention period, including five participants with
zero adherences. Participants not lost to follow-up,
participated in 64% of the planned sessions, none with
zero adherences. The reasons for missed sessions in
the aerobic exercise group were vacation and days off
(52%), medical appointments, hospitalization and/or
sick leave (30%) or meetings at work, courses and/or
urgent job tasks (18%). Overall, 94% of the planned
sessions were offered as planned.

250
Employed cleaning assistants
9 Did not answer screening questionnaire
104 Did not wish to participate

137
Invited to baseline measurements
21 Did not show up

116
Showed up at baseline measurements and
were randomized

57

Reference

Aerobic exercise
19 Lost to follow-up

44

38

Measured at follow-up

Measured at follow-up

Figure 1. Flow chart of the participants in the study
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Baseline characteristics of the study population
The baseline characteristics of the study population
are presented in table 1. Participants randomized to the
intervention were mainly immigrants; 86% stated having a place of birth other than Denmark, 62% of whom
were non-western.
No statistical or numerically significant differences
between the randomized population and the population
participating at both baseline and follow-up measurements (complete to follow-up) were found (data not
shown), except for lower frequency of >12 years of education in the aerobic exercise group (5.3%) compared to
the reference group (16.9%).
Compared to the randomized population (N=116),
the 19 (33%) participants lost to follow-up in the exercise group were 2.5 years younger, included 1.7% fewer
females, had a mean of 1 bpm higher SHR, 3.5% fewer
used antihypertension and/or heart medication on a daily
basis, 19.7% more were current smokers, and 5.2% more
stated to have a leisure-time physical activity level ≥2
hours of moderate activity per week. Within the reference
group, the 16 (25%) participants lost to follow-up were
0.9 years younger, included 3% fewer females, had a
mean of 0.9 bpm higher SHR, a mean of 3.2 bpm higher
RHR, 1 mmHg higher systolic BP, 3.5% less of them
used antihypertension and/or heart medication on a daily
basis, 14.6% more of them were current smokers, and
3.1% more of them stated to have a leisure time physical
activity level of <2 hours of moderate activity per week.
The objective baseline HRR measures revealed that
51% of the randomized population exceeded recommended levels of relative aerobic workload during
working hours (10, 11).
Intervention effects – within group

59

15 Lost to follow-up

After every fourth week of the intervention, the heart
rate was monitored during the aerobic exercise session
yielding an average HRR of 67 [standard deviation
(SD) 13] %.

Scand J Work Environ Health 2015; vol 41, no 2

Fully adjusted within group changes of all outcomes
during follow-up are shown in table 2. Cardiorespiratory
fitness increased significantly by 7.3% or 1.8 (SE 0.7) ml
O2 × min-1 × kg-1 (95% CI 0.3–3.2, P=0.02) in the aerobic
exercise group and was reduced by 0.01% or -0.3 (SE
0.7) ml O2 × min-1 × kg-1 (95% CI -1.6–1.1, P=0.71) in
the reference group.
Relative aerobic workload decreased in the aerobic
exercise group and increased in the reference group.
Both RHR and SHR decreased in the aerobic exercise
group and increased in the reference group.
Systolic BP increased significantly by 5.2 (SE 1.2)
mmHg (95% CI 2.8–7.6, P<0.01) in the aerobic exercise
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Table 1. Description of the randomized study population at baseline (N=116), stratified by intervention group. Differences between aerobic
exercise and reference groups were analyzed with student’s t-test for continuous variables and with Chi2 test for categorical variables.
[SD=standard deviation; BP=blood pressure; HR=heart rate; HRR=heart rate reserve].
Randomized group (N=116)
Age (years)
Sex (females)
Height (cm)
Weight (kg)
Body mass index (kg/m2)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Body fat
Waist circumference (cm)
Cardiorespiratory fitness (ml O2 × min-1 × kg-1)
Resting HR (beats/minute)
Sleeping HR (beats/minute)
Aerobic workload (% HRR)
Steps taken per working hour (steps/hour)
Rating of perceived exertion during working hours
Job seniority (years)
Current smoker
Education (% >12 years of education)
Ethnicity (% non western)
Daily use of antihypertension and/or heart medication
Leisure-time physical activity (% <2 hours/weeks light
activity or light activity 2–4 hours/weeks)
Physical activity at work (% having standing/walking work
including lifts and strenuous physical work)
a

Mean

SD

45.3

8.6

162.6
70.7
26.7
122.7
82.7

8.8
14.1
4.5
21.7
12.6
8.6
11.1
6.6
14.8
5.8
7.2
417
3.3
7.8

87.6
24.9
71.3
49.5
1316
13.0
11.9

N

%

88

75.9

31.6

30.9

28
13
72
14
84

24.1
11.2
62.1
12.1
72.4

70

60.3

Aerobic exercise (N=57)
Mean

SD

44.9

9.2

163.1
69.7
26.2
125.2
83.7

9.2
12.7
4.0
25.1
14.2
8.3
11.0
5.8
10.6
6.5
6.7
343
3.2
8.7

86.7
24.8
71.7
49.2
1271
12.9
12.3

N
43

%
75.4

Reference (N=59)
Mean

SD

45.7

8.1

N

%

45

76.3

13
3
40
8
45

162.2 8.4
71.7 15.4
27.1 4.9
120.3 17.5
81.7 10.8
31.1
8.9
88.4 11.2
25.0 7.2
70.5 8.8
49.7 5.1
30.1
7.5
1357 473
13.1 3.3
11.5 6.8
22.8
5.3 a
70.2
14.0
78.9

15
10
32
6
39

25.4
16.9 a
54.2
10.2
66.1

36

63.2

34

57.6

32.1

31.7

Statistical significant difference between subgroups (P≤0.05).

group and less [1.3 (SE 1.1) mmHg, non-significant] in
the reference group. Diastolic BP changes were <1 mmHg
in both groups.
Intervention effects – between-groups
The between-group differences in 4-months change of
primary and secondary outcomes are reported in table
3 for both model 1, adjusting for the baseline value of
the respective outcome, and the fully-adjusted model
2. Effect sizes differed considerably (up to a factor of
4.4 or 444% in the case of aerobic workload) between
models 1 and 2.
The fully adjusted (model 2) between-group difference in cardiorespiratory fitness change was 2.2 (SE
0.8) ml O2 × min-1 × kg-1 (95% CI 0.6–3.8, P<0.01) in the
aerobic exercise group relative to the reference group.
This corresponds to an 8.8% increase relative to the
overall baseline mean in the randomized population.
Significant between-group differences were also
found for changes in aerobic workload of -3.5 (SE 1.2)
%HRR (95% CI -5.9– -1.0, P<0.01) (model 2). This
corresponds to an 11.3% decrease relative to the overall
baseline mean in the randomized population.
Significant between-group difference in change of
RHR was -3.8 (SE 1.2) bpm (95% CI -6.1– -1.4, P<0.01)
(model 2). Relative to the overall baseline mean in the
randomized population, this decrease corresponds to

5.3% (4 bpm). Similar results are seen for the change
of SHR, the between-group difference was -3.8 (SE 1.1)
bpm (95% CI -5.9– -1.7, P<0.01) (model 2). Relative to
the overall baseline mean in the randomized population,
this corresponds to a reduction of 7.7% (4 bpm).
The change in systolic BP showed significant
between-group differences of 3.6 (SE 1.3) mmHg (95%
CI 1.1–6.0, P<0.01) (model 2). Relative to the overall
baseline mean in the randomized population, this change
corresponds to a 2.9% (4 mmHg) increase. Diastolic
BP changes did not differ significantly between groups.
Sensitivity analysis
A first sensitivity analyses excluded the 14 participants
with daily use of antihypertension and/or heart medication and yielded between-group differences during
follow-up comparable to results in the entire randomized population (N=116). For the 102 participants without such medication, the between-group changes from
baseline to follow-up corresponded to a significant 6.0%
increase in cardiorespiratory fitness for the aerobic
exercise group, in the fully adjusted model (model 2).
In a second sensitivity analysis, model 2 for the aerobic workload was additionally adjusted for baseline and
4-month change in steps walked per hour of work (ie,
indication of physical work demands), resulting in only
a slightly (0.9%) higher estimate of change in relative
Scand J Work Environ Health 2015; vol 41, no 2
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Table 2. Within group 4-month changes in cardiorespiratory fitness and secondary outcomes among cleaners (N=116) by intervention
group. Results are based on a mixed-model analysis with step-wise entry of covariates in two models. [95% CI=95% confidence interval;
SE=standard error; HR=heart rate; HRR=heart rate reserve; BP=blood pressure]
Model 1 a
Aerobic exercise group (N=57)
Primary outcome
Cardiorespiratory fitness
(ml O2 × min-1 × kg-1)
Secondary outcomes
Aerobic workload (% of HRR)
Resting HR (beats/minute)
Sleeping HR (beats/minute)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Reference group (N=59)
Primary outcome
Cardiorespiratory fitness
(ml O2 × min-1 × kg-1)
Secondary outcomes
Aerobic workload (% of HRR)
Resting HR (beats/minute)
Sleeping HR (beats/minute)
Systolic BP (mmHg)
Diastolic BP (mmHg)
a
b

Model 2 b
P-value

Δ

SE

95 % CI

0.17–3.05

0.03

1.75

0.73

0.30–3.20

0.02

0.99
1.06
0.77
1.38
0.86

-2.52–1.39
-3.80–0.36
-2.32–0.73
0.07–5.51
-3.79– -0.38

0.57
0.11
0.30
0.04
0.02

-1.68
-1.37
-0.79
5.18
0.15

1.11
1.14
0.94
1.20
0.91

-3.90–0.54
-3.63–0.89
-2.66–1.08
2.81–7.55
-1.64–1.94

0.14
0.23
0.40
<0.01
0.87

-0.24

0.68

-1.57–1.10

0.72

-0.25

0.68

-1.59–1.08

0.71

0.03
0.20
0.88
0.91
-0.02

0.90
1.04
0.69
1.34
0.84

-1.75–1.80
-1.84–2.25
-0.48–2.24
-1.73–3.56
-1.86–1.45

0.98
0.85
0.20
0.50
0.81

1.72
2.28
2.90
1.30
-0.05

0.89
1.06
0.77
1.09
0.82

-0.05–3.49
0.20–4.37
1.37–4.43
-0.86–3.46
-1.68–1.58

0.06
0.03
<0.01
0.24
0.95

ΔΔ

SE

95 % CI

1.61

0.73

-0.57
-1.72
-0.80
2.79
-2.09

P-value

Model 1 is adjusted for baseline value of the respective outcome.
For the primary outcome, Model 2 is additionally adjusted for age, sex, daily use of antihypertension and/or heart medication, smoking status and
baseline leisure-time physical activity. For the secondary outcomes: Model 2 is additionally adjusted for age, sex, use of antihypertension and/or heart
medication, smoking status and baseline cardiorespiratory fitness. The N differs between the different outcomes due to missing observations in covariate and/or outcome variables.

Table 3. Between-groups difference from baseline to 4-months follow-up on cardiorespiratory fitness and secondary outcomes in the
randomized population of cleaners (N=116). Results are based on a mixed-model analysis with step-wise entry of covariates in two models.
[95% CI=95% confidence interval; SE=standard error; HR=heart rate; HRR=heart rate reserve; BP=blood pressure]
Model 1 a
ΔΔ

SE

95 % CI

Model 2 b
P-value

N

Δ

SE

95 % CI

P-value

N

Primary outcome
1.81
0.78
0.27–3.36
0.02
86
2.21
0.79
0.64–3.78
<0.01
85
Cardiorespiratory fitness
(ml O2 × min-1 × kg-1)
Secondary outcomes
Aerobic workload (% of HRR)
-0.75
1.12
-2.96–1.47
0.50
85
-3.46
1.23
-5.92– -1.00
<0.01
61
Resting HR(beats/min)
-1.70
1.15
-3.97–0.56
0.14
115
-3.75
1.20
-6.13– -1.38
<0.01
85
Sleeping HR (beats/min)
-1.71
0.87
-3.43–<0.01
0.05
87
-3.82
1.05
-5.91– -1.73
<0.01
63
Systolic BP (mmHg)
2.28
1.49
-0.66–5.22
0.13
116
3.57
1.25
1.10–6.04
<0.01
86
Diastolic BP (mmHg)
-1.66
0.93
-3.50–0.17
0.08
116
-0.03
0.95
-1.90–1.84
0.98
86
a Model 1 is adjusted for baseline value of the respective outcome.
b For the primary outcome: Model 2 is additionally adjusted for age, sex, daily use of antihypertension and/or heart medication, smoking status and baseline leisure time physical activity. For the secondary outcomes: Model 2 is additionally adjusted for age, sex, use of antihypertension and/or heart medication, smoking status and baseline cardiorespiratory fitness. The N differs between the different outcomes due to missing observations in covariate
and/or outcome variables.

aerobic workload [-3.6 SE 1.6), 95% CI -0.33– -6.87,
P=0.03]. Moreover, no difference in number of steps
taken per hour at work from baseline to follow-up was
found in either of the groups.
A secondary between-group analysis stratified on
baseline level of aerobic workload (low <30%HRR or
high ≥30%HRR) and adjusted for the same covariates
as in model 2. Those having a high level of aerobic
workload at baseline (N=43) showed: 0.43 (SE 1.29)
ml O2 × min-1 × kg-1 (95% CI -2.18–3.05, P=0.74) in car-
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diorespiratory fitness; -4.08 (SE 1.32) %HRR (95% CI
-6.78– -1.39, P<0.01) for aerobic workload; -2.08 (SE
2.61) bpm (95% CI -7.37–3.20, P=0.43) for RHR; -8.01
(SE 1.73) bpm (95% CI -11.54– -4.49, P<0.01) for SHR;
6.65 (SE 2.46) mmHg (95% CI 1.68–11.63, P=0.01)
for systolic BP; and 1.75 (SE 2.09) mmHg (95% CI
-2.49–5.98, P=0.41) for diastolic BP. In the group of participants with a low level of aerobic workload at baseline
(N=42), the results showed the following 3.95 (SE 1.47)
ml O2 × min-1 × kg-1 (95% CI 0.98–6.92, P=0.01) in
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cardiorespiratory fitness; -2.99 (SE 1.89) %HRR (95%
CI -6.82–0.85, P=0.12) for aerobic workload; -0.99 (SE
1.81) bpm (95% CI -4.65–2.66, P=0.59) for RHR; 0.09
(SE 1.25) bpm (95% CI -2.46–2.64, P=0.94) for SHR;
2.13 (SE 1.32) mmHg (95% CI -0.53–4.80, P=0.11)
for systolic BP and -1.54 (SE 1.32) mmHg (95% CI
-4.20–1.12, P=0.25) for diastolic BP.

Discussion
The main results of this study among cleaners were that
the aerobic exercise group, in comparison with the reference group, significantly improved cardiorespiratory
fitness, aerobic workload, SHR and RHR, but increased
systolic BP.
Primary outcome
Between-group comparisons including all randomized
participants show an average improved cardiorespiratory fitness in the aerobic exercise group of 2.2 (SE
0.8) ml O 2 × min -1 × kg -1, corresponding to a 8.8%
overall change compared to the randomized study
population. In conclusion, the hypothesis regarding an
enhanced cardiorespiratory fitness was not falsified.
We consider this increase to be clinically relevant in
this population because of their low baseline cardiorespiratory fitness [24.9 (SE 6.6) ml O2 × min-1 × kg-1]
and because their aerobic workload already exceeded
recommended levels. Previous worksite interventions
have found similar effect sizes on cardiorespiratory
fitness in both sedentary and physically demanding
jobs (20, 21).
In order to achieve improvements in cardiorespiratory fitness, an exercise intensity of ≥60% of HRR is
required (36). The average HRR during the aerobic
exercise sessions in this study was 67 (SE 13)%,
and 69% of the participants achieved an intensity of
≥60% of HRR. The observed low cardiorespiratory
fitness of the cleaners [24.9 (SE 6.6) O 2 × min -1 ×
kg-1] shows that the average relative aerobic workload
during cleaning [31 (SE 7) %HRR] is at or above
recommended levels (10, 11), but at the same time
not designed (eg, in terms of sufficient intensity) to
improve their cardiorespiratory fitness (24). There
were 32 30-minute aerobic exercise sessions over the
4-month period. This indicates that as long as there
are short periods of sufficiently high aerobic intensity,
relatively few aerobic exercise sessions can increase
cardiorespiratory fitness in this population. In summary, aerobic exercise with high intensity during paid
working hours seems to improve cardiorespiratory
fitness among cleaners.

Secondary outcomes
The aerobic exercise group significantly reduced the
aerobic workload by 11.3% compared to the reference
group. Therefore, the second hypothesis regarding a
decreased aerobic workload was not falsified. To our
knowledge, this is the first RCT finding positive effects
on aerobic workload objectively measured during days
of normal work. The aerobic workload measured at
baseline was relatively high [31 (SE 7) %HRR]. Such
high aerobic workload is reported to cause strain on
the cardiovascular systems (11), potentially leading to
progression of arteriosclerosis (5, 6) and relates to an
increased risk of cardiovascular disease (7, 22). The
observed reduction in aerobic workload of 11.3% can
therefore be considered of clinical relevance. HRR can
be reduced by increases in cardiorespiratory fitness,
leading to a reduced RHR and SHR, or a decreased
physical work demand (14) or the combination of these
two. The reduction of the aerobic workload in this study
can therefore be explained by the increased cardiorespiratory fitness and the reduced SHR (HRR = HRmax
- SHR) (48). Because changes in aerobic workload
are also influenced by changes in the physical work
demands, a sensitivity analysis additionally adjusting for
change in steps walked per hour of work was applied.
This additional adjustment for change in steps did not
substantially change the between-group difference of
aerobic workload displayed in table 3, model 2. In summary, this study supports the classic work physiology
notion that an aerobic exercise intervention increasing
cardiorespiratory fitness can reduce the relative aerobic
workload among blue-collar workers (54).
The reductions of 5.3% in RHR and 7.7% in SHR
reject the null hypothesis of no effects of the aerobic
exercise intervention on RHR and SHR (55). Reductions
in both RHR and SHR can potentially reduce the risk of
both CVD and all-cause mortality (55–57).
Systolic BP increased by 5.2 (SE 1.2) mmHg in
the aerobic exercise group compared to 1.3 (SE 1.1)
mmHg in the reference group (table 2), leading to a
between-groups change of 3.6 (SE 1.3) mmHg in fully
adjusted analyses (table 3, model 2). Therefore, the
null hypothesis of no effects is rejected for blood pressure. This finding is in accordance with the previously
stated hypothesis of Krause and colleagues (22) that
high intensity physical exercise may cause an overload
of the cardiovascular system when applied to workers
with high levels of occupational physical activity, low
cardiorespiratory fitness, and potentially limited ability
for pauses and restitution.
An elevated systolic BP of 3.6 (SE 1.3) mmHg may
appear relatively small, when applied to persons with
low-to-normal BP (58). However, such an increase in BP
is known to significantly increase CVD morbidity and
Scand J Work Environ Health 2015; vol 41, no 2
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mortality and, therefore, considered clinically relevant
(59). Prediction of the long-term net cardiovascular
health effects of this potentially harmful average BP
change and the potential beneficial effects of an on
average increased cardiorespiratory fitness is not possible with our data. It is conceivable that harmful and
beneficial effects occur in different subsets of our population. Additional research is still needed to confirm if
worksite aerobic exercise increases the systolic BP in
other populations with high levels of occupational physical activity. Since ambulatory BP has been shown to be
a better predictor of cardiovascular risk than resting BP
(60), we plan additional analysis of our ambulatory BP
data (35) and recommend that future studies with other
populations should employ ambulatory BP measures.
To our knowledge, this study is the first to investigate the effects on BP of an aerobic exercise worksite
intervention among cleaners. Our finding of an increased
systolic BP is in contrast with previous exercise studies
on BP among workers with high levels of occupational
physical activity (20). The different effect in our study
may be explained by the low cardiorespiratory fitness in
our study population, making the participants less able
to restitute from the additional aerobic exercise and,
therefore, more susceptible to a cardiovascular overload.
Of particular interest for interpretation of the study findings, the sub-group analyses stratified on aerobic workload at baseline showed that the participants exposed
to a high aerobic workload (≥30%HRR during working
hours) experienced a very strong increase in systolic BP
of 6.5 (SE 2.5) mmHg (95% CI 1.7–11.6, P=0.01) from
the aerobic exercise intervention, while the participants
exposed to a low aerobic workload (<30%HRR during
working hours) experienced a somewhat lower increase
in systolic BP of 2.1 (SE 1.3 mmHg (95% CI -0.5–4.8,
P=0.11). This finding supports the interpretation that the
observed increased systolic BP in the intervention group
could be explained by a cardiovascular overload from
the aerobic exercise. However, because this analysis was
not pre-planned, and the study was not designed to have
sufficient power to investigate sub-group effects, these
results should be interpreted with precaution.
The finding of an increased systolic BP in this single
intervention is not enough evidence to draw general conclusions and recommendations. Therefore, it is important
that this unintended adverse effect of this intervention will
be monitored in additional future RCT among blue-collar
workers. To reduce misclassification of BP, future measurements should be based on more frequent measures,
ideally using 24-hour measures of ambulatory BP.
Strengths and limitations of the study
The cluster RCT design is a methodological strength
reducing possible bias and contamination. Also the
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intention-to-treat analysis is a methodological strength
reducing possible bias (61). Additionally, the external
validity was enhanced by the creation of an aerobic
exercise and reference group at each enrolled company.
The study was sufficiently powered to detect clinically
relevant changes. The frequency and intensity of the
exercise training and all outcomes of the study were
objectively measured, thereby decreasing the potential
of self-reporting and selection bias. The mixed-model
analysis is a strength when evaluating repeated measurements observations with observations missing at
random, since the mixed-model analysis enables use
of information from all observations without imputing
missing observations (52). Regarding the intervention,
the modified intervention mapping approach (35) is a
strong feature since the intervention is tailored specifically to the individual needs and wishes of the participating company and its employees.
The convenience sampling of only three companies
in the area of Copenhagen, Denmark, limits the generalizability of the findings.
Randomization was only partly successful, our
multivariate analyses detected substantial amounts of
residual confounding in effect measures in the process
of adjusting for confounders. Without additional adjustment for age, sex, daily use of antihypertension and/or
heart medication, smoking status, fitness, and baseline
leisure-time physical activity in multivariate analyses,
confounding by these factors would have obscured a
large part of the intervention effects as can be seen
by comparing effect sizes in model 2 against model 1,
showing differences of up to 444%. Although there may
still be residual confounding by other unknown factors,
our multivariate analyses reduced potential confounding
bias substantially.
Participants lost to follow-up had a lower cardiorespiratory fitness, higher mean aerobic workload and
walked less during working hours at baseline compared
to participants not lost to follow-up, causing a selection
bias towards a more healthy population being followed
up. In the aerobic exercise and reference groups, respectively, 19 and 15 were lost to follow-up (figure 1), this
percentage (29%) of drop out is less than the expected
30% in our power calculations (39). No significant
between-group differences were found among those
lost to follow-up.
Missing data (missing not at random) occurred due
to exclusions. At the cardiorespiratory fitness test, 18
(32%) participants were excluded at baseline and 10
(23%) at follow-up in the aerobic exercise group and
12 (20%) at baseline and 12 (27%) at follow-up in the
reference group.
In the aerobic exercise group, 17 (30%) participants
at baseline and 14 (37%) at follow-up, and 14 (24%)
participants at baseline and 20 (45%) at follow-up in the
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reference group, did not have sufficiently high quality of
data or were not mounted with the Actiheart.
Altogether, almost one fourth of the study population was excluded from testing possibly leading to a
differential selection bias towards better outcomes in a
more healthy population. On the other hand, the larger
benefits in terms of enhanced cardiorespiratory fitness
appeared among those with medication for pre-existing
hypertension or heart disease. Due to some differences in missing data between groups, at baseline and
follow-up, the mixed-model analysis was applied, since
it allows an intention-to-treat analysis with missing
observations (62).
Measurement of BP holds a large variability and is
influenced by the context (eg, “white-coat hypertension”). However, large measurement variability typically
increases random error and widens CI, ie, increases
the risk for a type II error. Therefore, large measurement variability tends to bias results towards the null
hypothesis and is not expected to cause a significant
spurious effect in any one direction. Despite the small
sample size in this RCT study, the measured BP effects
were within 95% CI and thus do not indicate a high
probability of such errors. Moreover, adjustment for
several potential confounders makes it unlikely that the
results were biased by confounding factors. For these
reasons, it seems inappropriate to disregard the findings
as systematically biased, and there is no indication of
any differential misclassification bias that could possibly
lead to a spurious increase in BP in the aerobic exercise
group only.
Practical implications
Cleaners suffer from an increased risk of CVD (30, 31),
partially due to their low cardiorespiratory fitness and
high aerobic workload (7, 24). In fact, the extensive
objective measurements revealed that more than half
(51%) of our study population exceeded recommended
levels of relative aerobic workload during working hours
at baseline. Previous research has linked higher levels of
aerobic workload with accelerated progression of atherosclerosis (22) and incidence of myocardial infarction
(7). Clearly, there is a need to develop interventions that
safely reduce aerobic workload and cardiovascular risk
among high-risk occupational groups experiencing a high
level of occupational physical activity (3).
The present study shows that the aerobic exercise
worksite intervention improved cardiorespiratory fitness and most of the other measured cardiovascular risk
factors with only 30 minutes of aerobic exercise twice
a week for four months. The improvement in cardiorespiratory fitness, aerobic workload, RHR and SHR may
reduce the risk of all-cause as well as CVD mortality
(3, 7, 26, 56, 57). On the other hand, the intervention

significantly increased systolic BP, which may result in
an increased risk of CVD and all-cause mortality (59,
63). Additional research is needed in order to provide
effective and safe recommendations for how to promote cardiovascular health by aerobic exercise among
workers with high relative aerobic workload and low
cardiorespiratory fitness.
Concluding remarks
Based on a cluster-randomized design and objective
data, this study indicates that a worksite aerobic exercise
intervention among cleaners leads to improved cardiorespiratory fitness as well as reduced aerobic workload,
RHR and SHR, but increases systolic BP. Accordingly,
it seems like aerobic exercise induces several beneficial cardiovascular physiological effects but also one
potentially harmful effect. Therefore, recommendations
of aerobic exercise should take into consideration the
potential cardiovascular overload of workers with high
levels of occupational physical activity. Due to these
contrasting findings, further studies are needed before
recommendations with respect to aerobic exercise for
workers with high levels of occupational physical activity can be made.
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