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Abstract
Purpose High occupational physical activity (OPA) is shown to increase the risk for elevated blood pressure, cardiovascular 
diseases and mortality. Conversely, aerobic exercise acutely lowers the blood pressure up to 25 h post exercise. However, 
it is unknown if this beneficial effect also apply for workers exposed to high levels of OPA. Cleaners constitute a relevant 
occupational group for this investigation because of a high prevalence of OPA and cardiovascular disease. Accordingly, the 
objective was to investigate the acute effects on ambulatory blood pressure from a single aerobic exercise session among 
female cleaners.
Methods Twenty-two female cleaners were randomised to a cross-over study with a reference and an aerobic exercise session. 
Differences in 24-h, work hours, leisure time, and sleep ambulatory blood pressure (ABP) were evaluated using repeated 
measure 2 × 2 mixed-models.
Results After the aerobic exercise session, the 24-h systolic ambulatory blood pressure was significantly lowered by 
2.4 mmHg (p < 0.01) compared to the reference session. The 24-h diastolic ABP was unaltered. During work hours, a low-
ered systolic ABP of 2.2 mmHg (p = 0.02) and a higher diastolic ABP of 1.5 mmHg (p = 0.03) were found after the aerobic 
exercise session. During leisure time, the systolic ABP was lowered by 1.7 mmHg (p = 0.04) and the diastolic ABP was 
unaltered. During sleep, the systolic and diastolic ABP was unaltered.
Conclusion A single aerobic exercise session lowered 24-h systolic ABP of 2.4 mmHg. Thus, an aerobic exercise session 
seems to be beneficial for lowering the risk of hypertension among cleaners.

Keywords Blood pressure · Aerobic exercise · Worksite intervention · Occupational physical activity · Occupational 
health · Objective measurements

Abbreviations
ABP  Ambulatory blood pressure
AES  Aerobic exercise session followed by 24-h diurnal 

measurement
BMI  Body mass index
HRmax  Maximal heart rate
HRR  Heart rate reserve
REF  24-h reference diurnal measurement
SHR  Sleeping heart rate

Introduction

Hypertension markedly increases the risk of cardiovascular 
disease and contributes annually to approximately 7.6 million 
deaths worldwide (Chobanian et al. 2003; Antikainen et al. 
2006; Lawes et al. 2008). Physical activity, and especially 

Communicated by Keith Phillip George.

 * Charlotte Lund Rasmussen 
 clr@nrcwe.dk

1 National Research Centre for the Working Environment, 
Lersø Parkallé 105, 2100 Copenhagen, Denmark

2 GoLine, Copenhagen, Denmark
3 Herlev Gymnasium, Herlev, Denmark
4 Occupational and Environmental Medicine, University 

Hospital Odense, Odense, Denmark
5 Department of Sports Science and Clinical Biomechanics, 

University of Southern Denmark, Odense, Denmark
6 Sport and Health Sciences, College of Life 

and Environmental Sciences, University of Exeter, St. Luke’s 
Campus, Exeter, UK

http://crossmark.crossref.org/dialog/?doi=10.1007/s00421-017-3773-z&domain=pdf


332 European Journal of Applied Physiology (2018) 118:331–338

1 3

aerobic exercise, is a recommended non-pharmacological 
treatment for hypertension (Mach et al. 2005). This recommen-
dation is mostly based on sport and exercise studies, showing 
aerobic exercise to lower blood pressure, enhance cardiores-
piratory fitness, and preserve cardiovascular health (Whelton 
et al. 2002; Crivaldo Gomes Cardoso 2010).

Conversely, evidence is emerging for workers with high 
occupational physical activity having an increased risk of car-
diovascular diseases (Holtermann et al. 2012). This increased 
risk could be caused by individual factors such as smoking 
status, dietary habits, obesity and lower socioeconomic status 
(Joseph et al. 2017). In addition, it could be a result of high 
levels of occupational physical activity (Holtermann et al. 
2011). For example, cleaners being exposed to high levels of 
occupational physical activity have an increased risk of hyper-
tension, cardiovascular disease and mortality (Sjögren et al. 
2003; Søgaard et al. 2006). Cleaning requires repetitive move-
ments of the arms combined with high levels of both static 
and whole-body dynamic muscular strain (Sjögren et al. 2003; 
Søgaard et al. 2006; Korshøj et al. 2013). This strenuous occu-
pational physical activity increases heart rate (Aastrand et al. 
1968; Sjögren et al. 2003). In particular, workers with a low 
cardiorespiratory fitness level will experience an elevated heart 
rate (Søgaard et al. 2006). Acutely, the elevated heart rate leads 
to a higher aerobic workload and subsequently an increase in 
blood pressure (Korshøj et al. 2016a). On the long term, an 
elevated heart rate and blood pressure from high occupational 
physical activity will induce excessive sheer stress on the atrial 
wall, increasing the risk of inflammation and hypertension 
(Glagov et al. 1988; Chobanian et al. 2003).

To our knowledge, no studies have investigated the acute 
effect of a single aerobic exercise session on blood pressure 
among workers with high levels of occupational physical 
activity, such as cleaners. Two studies examined the long-
term effects on cardiorespiratory fitness and blood pressure 
from 30-min of aerobic exercise twice a week for 4 months 
among cleaners in Denmark (Korshøj et al. 2015, 2017). 
The authors found improved cardiorespiratory fitness, but 
also an increased systolic blood pressure (Korshøj et al. 
2015, 2017). To understand a part of the cardiovascular 
mechanism explaining these findings, additional research 
was needed.

Thus, the aim of this study was to investigate the acute 
effect of a single aerobic exercise session on ambulatory 
blood pressure among cleaners.

Methods

Ethical approval

The study was approved by the Ethics Committee for the 
regional capital in Denmark (journal number H-2-2011-116) 

and conducted according to the 1964 Helsinki declaration 
and its later amendments.

Study design

The study was a controlled, randomised cross-over trial. 
Participants were randomised to either begin with 24-h ref-
erence diurnal measurement (REF) or an aerobic exercise 
session followed by 24-h diurnal measurement (AES). After 
a washout period of 1 week, the participants would cross 
over and undergo the opposite of the first week.

Recruitment

An aircraft cleaning company, located in Copenhagen, Den-
mark, was recruited by direct contact. All cleaners were 
invited to an information meeting where the project was pre-
sented. All attending cleaners received information leaflets 
and a screening questionnaire. Consent to participate was 
obtained via the screening questionnaire.

Cleaners were eligible if they worked more than 20 h per 
week; were aged between 18 and 65 years old; and worked 
fixed day or evening shifts or two-shift schedules (day/
evening). Informed consent was obtained from all indi-
vidual participants included in the study. Exclusion criteria 
were pregnancy and fever on the day of testing. Participants 
with severe hypertension (≥ 160/≥100 mmHg) at baseline; 
angina pectoris; daily intake of prescribed cardio- or respira-
tory medicine; and/or pacemakers were excluded from the 
aerobic exercise session.

Data collection

Data were collected in November 2013. Data collection 
included a baseline test, baseline health measurements, two 
24-h diurnal measurements (REF and AES) and a 30-min 
aerobic exercise session.

The baseline test consisted of a structured interview, 
questionnaire, and a health check. During the interview, data 
were collected on medical history and lifestyle. Information 
on work hours and seniority was collected by questionnaire. 
Baseline health measurements included anthropometrics and 
resting systolic and diastolic blood pressures which were 
measured three consecutive times using an Omron blood 
pressure monitor, Model M6 Comfort. During measur-
ing, the participant was asked to relax and sit in an upright 
position (Omron healthcare UK LTD., England). The low-
est pair of measured blood pressures was registered as the 
consultation blood pressure. Participants with hypertension 
(≥ 140/≥90 mmHg) were informed and advised to consult 
their physician for further examination.

Both REF and AES were conducted on days including 
work and consisted of measurements of physical activity, 
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ambulatory blood pressure (ABP) and heart rate. The partic-
ipants were asked to wear all monitors continually for 24-h. 
Moreover, the participants were asked to keep a log of their 
time at work, when they went to bed and got up in the morn-
ing, and any periods spent without monitors during the 24 h. 
During the period of the 24-h diurnal measurements, the 
participants were instructed to pursue their ordinary lives. 
Physical activity was measured using Actigraph GT3X+ 
accelerometers (ActiGraph LLC, Pensacola, FL, USA) fixed 
just below the right crista iliaca and halfway between the 
crista iliaca and the patella at the medical front of the right 
thigh (Skotte et al. 2014). The accelerometers were fixed 
using double-sided adhesive tape (3 M, Hair-Set, St. Paul, 
Minnesota, USA), Fixomull (Fixomull BSN medical GmbH, 
Hamburg, Germany) and a waterproof film (OpSite Flexifix, 
Smith & Nephew, London, England).

Data were downloaded using Actilife Software version 
5.10.0 (“Software, Actilife”) and further analysed using the 
custom-made MATLAB programme Acti4 (Skotte et al. 
2014). The programme has been validated and shown to 
identify the following physical activities with high sensitiv-
ity and specificity based on the accelerometer data: standing, 
sitting, slow and fast walking, cycling, and running (Korshøj 
et al. 2014; Stemland et al. 2015).

Ambulatory blood pressure was measured with a 
Spacelabs monitor (Model 90217, Spacelabs Medical 
Inc., Redmond, WA, USA) by oscillometry. This monitor 
is validated for measurement of blood pressure in the field 
(Baumgart and Kamp 1998). The monitor was mounted on 
the non-dominant upper arm with a tube connecting the sam-
pler to the cuff. The measurement frequency was once every 
20 min during waking hours (from 5 a.m. to 10 p.m.) and 
once every 40 min during night time (from 10 p.m. to 5 a.m.) 
(Clays et al. 2012). The participants were asked to remain 
quiet and keep their arm at rest while the measurements 
took place. If a measurement failed, the monitor would auto-
matically repeat the measurement after 3 min. Moreover, the 
participants were instructed in how to handle and remove the 
Spacelabs monitor during showering.

Heart rate was measured using Actiheart (Barreira et al. 
2009) (CamNtech LTD., Cambridge, England) mounted 
with Ag/AgCl pre-gelled electrodes (Ambu blue sensor VL-
00-S/25, Ambu A/S, Ballerup, Denmark) at the validated 
position at the sternum with the wire horizontal to the left 
lateral intercostal (Brage et al. 2005). Actiheart was initial-
ised using the height, weight, age and sex of the participant. 
Data were downloaded in the Actiheart software (version 
4.0.100) (CamNtech 2016) and analysed in the Acti4 soft-
ware (Skotte et al. 2014).

Each participant performed the 30-min aerobic exercise 
session once during work hours, at the beginning of the work 
shift. The session was supervised and performed on a bicy-
cle ergometer (Monark Ergomedic 874E, HaB International 

Ltd., Southam, Warwickshire, England). During the aerobic 
exercise session, heart rate was monitored via Actiheart and 
a finger oximeter (OxiMax Pulse Oximetry System, Nell-
cor, N-65, COVIDIEN, USA). The session began with an 
Aastrand submaximal one-point fitness test to determine the 
participants’ cardiorespiratory fitness (Åstrand and Ryhming 
1954). The test lasted 10 min at most after which the aero-
bic exercise session would begin. The aerobic exercise ses-
sion consisted of 13 blocks lasting 30–60 s and alternating 
between work and active breaks. The target intensity of the 
aerobic exercise was ≥ 80% of maximal heart rate  (HRmax) 
for 11 min in total, ≥ 70% of  HRmax for 6 min in total, ≥ 60% 
of  HRmax for 9 min in total and ≥ 55% of  HRmax for 4 min 
in total. The aim was for the total 30-min aerobic exercise 
session to be performed with an average intensity of ≥ 70% 
of  HRmax.

Data analysis

Information on current smoking status was dichotomised, 
corresponding to the participant being “smoker/non-
smoker”. Body mass index (BMI) was calculated using 
the equation BMI = [body weight (kg)/body height  (m2)] 
(Canoy 2008). Consultation blood pressure was defined 
based on the measurement with the lowest diastolic and 
systolic values at the baseline health measurement. Percent 
leisure time spent on sedentary behaviour (sitting/lying) 
and percent work hours spent on feet was measured by the 
Actigraphs.

Heart rate data were filtered and physiological outliers 
(< 30 and > 220 beats/min) excluded. Only non-outliers 
and heart rate measurements with < 50% beat error were 
included in the statistical analysis (Skotte et  al. 2014). 
Heart rate reserve (HRR) was defined as the difference 
between estimated  HRmax and sleeping heart rate (SHR) 
(HRR = HRmax – SHR) (Karvonen et al. 1957).  HRmax was 
determined by age by the Tanaka equation (Fox et al. 1971). 
SHR was defined as the tenth lowest recorded heart rate 
value during sleep (Brage et al. 2004). The mean relative 
aerobic workload was calculated as percent of estimated 
HRR (%HRR = mean heart rate during work/HRR × 100%). 
The %HRR is well documented to provide a measure of the 
physiological cardiorespiratory strain on the body depend-
ing on the work demands and cardiorespiratory fitness of the 
participant (Ilmarinen 1992).

Based on the participants’ logs, all 24-h data were sorted 
into work, leisure and sleep. All measurements of ABP were 
visually checked for physiological outliers (systolic blood 
pressure  <  80 and >  240  mmHg, diastolic blood pres-
sure < 50 and > 130 mmHg). ABP measurements for an 
participant were included in the analysis when a minimum of 
25% of planned measurements were complete, correspond-
ing to a total of 15 measurements: five during work, eight 
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during leisure and three during sleep (Baumgart and Kamp 
1998).

Statistical analysis

All analyses were performed according to the intention-
to-treat principle (Detry and Lewis 2014). Missing values 
were not imputed. The difference between ABP as meas-
ured during REF and AES was estimated using a repeated-
measures 2 × 2 mixed-model analysis. The fixed factor was 
randomised group (REF and AES). Each participant was 
entered in the model as a random effect. Moreover, baseline 
value of the respective outcome (consultation blood pres-
sure) was entered as random effect.

Two stratified analysis were performed using the same 
model stratified by %HRR during work hours (≥/< 30% of 
HRR) and by smoking status (smoker/non-smoker).

Statistical estimates of the outcome are reported as mean 
differences in ABP during REF and AES, standard errors of 
the mean, 95% confidence intervals and p values. A signifi-
cance level of ≤ 0.5 was used. All statistical analyses were 
conducted using the SAS statistical software for Windows 
(version 9.3) (“SAS”).

Data availability

The datasets analysed during the current study are not pub-
licly available due to difficulties with ensuring anonym-
ity because of the small study population. However, data 
are available from the corresponding author on reasonable 
request.

Results

Flow

Figure 1 shows the trial profile. A total of 54 cleaners were 
invited to participate in the study, of which 43 participated. 
Six cleaners were excluded as they did not meet the work 
hour criterion (at least 20 work hours a week). Thus, 37 
were invited to the baseline health measurement. Of the 37 
invited cleaners, 13 were excluded because they did not want 
to wear the Actiheart, did not attend the health measure-
ment, or had changes in their work schedule. A total of 24 
cleaners were randomised to begin with either 24-h refer-
ence diurnal measurement (REF) or an aerobic exercise ses-
sion followed by 24-h diurnal measurement (AES). After 
1 week, the participants would cross over and undergo the 
opposite of the first week. Six cleaners dropped out after the 
randomisation, resulting in 18 participants completing both 
the baseline health measurement, 24-h diurnal REF and AES 
measurements. The 18 participants performed the 30-min 

aerobic exercise session with an average intensity of 81.4% 
of  HRmax [SD = 5.2 (data not shown)].

Descriptive characteristics

Baseline characteristics of the study population included 
in the primary analysis are presented in Table 1. All par-
ticipants were normotensive with consultation blood pres-
sures below 140/90 mmHg. Mean aerobic workload during 
cleaning was 30.2% HRR (SD = 5.4) and 39% worked at 
an aerobic workload ≥ 30%HRR. The participants spent on 
average 47.0% (SD = 9.6) of their work hours on their feet 
and 54.9% (SD = 15.4) of their leisure time sedentary. Of 
the 18 participants, nine (50%) were smokers.

Primary analysis

Group mean of ABP during the REF and the AES and 
corresponding differences in 24-h ABP are shown in 
Table 2. A significant difference in systolic 24-h ABP 
of − 2.4 mmHg (p < 0.01) was seen. During work hours, 
the results showed a significant difference in systolic 

Fig. 1  Flow chart of the study population
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ABP of − 2.2 mmHg (p = 0.02) and in diastolic ABP of 
1.5 mmHg (p = 0.03). During leisure, a significant dif-
ference in systolic ABP of − 1.7 mmHg (p = 0.04) was 
found. During sleep, no differences were found in either 
systolic or diastolic ABP (Table 2).

Analysis stratified by level of aerobic workload

Table 3 shows the results of the secondary analysis strati-
fied by aerobic workload (≥/< 30% of HRR during work). 
Among the participants exposed to a high aerobic work-
load (n = 7), the differences in ABP between AES and REF 
over 24-h were − 4.3 mmHg systolic (p < 0.01); during 
work hours − 3.7 mmHg systolic (p = 0.01) and 2.3 mmHg 
diastolic (p = 0.03); and during leisure time − 5.2 mmHg 
systolic (p < 0.01) and − 1.7 mmHg diastolic (p = 0.12). 
During sleep, no difference in ABP was observed (Table 3). 
Among those exposed to a low aerobic workload (n = 10), 
only systolic ABP during leisure time reached a significant 
difference between AES and REF of 2.9 mmHg (p = 0.01).

Analysis stratified by smoking status

When stratifying by smoking status (smoker/non-smoker), 
the beneficial acute effect on ABP of the aerobic exercise 
session was pronounced among non-smokers (results not 
shown). In contrast, no beneficial effects were seen among 
smokers (results not shown).

Discussion

The aim of this study was to investigate the acute effect of a 
single aerobic exercise session on ABP on the following 24-h 
among cleaners. The primary analysis showed a lowered 
24-h systolic ABP following the aerobic exercise session, 
compared with the reference measurement (Table 2). Previ-
ously, a single aerobic exercise session has been found to 

Table 1  Descriptive characteristics of 18 participants included in the 
primary analysis

SD standard deviation, n number, HRR, heart rate reserve

Variable % Mean SD n

Age (years) 44.7 7.7 18
Height (m) 1.7 6.9 18
Weight (kg) 64.4 9.7 18
BMI (kg/m2) 22.5 2.7 18
BMI ≥ 25 kg/m2 16.7 3
Cardiorespiratory fitness  (mlO2/min/kg) 33.1 8.2 16
Job seniority in cleaning (years) 14.6 7.3 17
Working hours per week 36.1 2.6 18
Consultation systolic blood pressure 

(mmHg)
113.7 8.2 18

Consultation diastolic blood pressure 
(mmHg)

76.6 6.4 18

Aerobic workload during cleaning (% HRR) 30.2 5.4 17
Sedentary leisure time (% of leisure time) 54.9 15.4 17
Working on feet (% of work time) 47.0 9.6 18
Aerobic workload ≥ 30% HRR 38.9 7
Current smoker 50.0 9
Ethnicity (% from Western countries) 94.4 17

Table 2  Group means pre 
(REF) and post (AES) 
intervention and differences 
in pre- to post intervention 
changes of ambulatory blood 
pressure (ABP)

Model adjusted for consultation blood pressure
REF 24-h reference diurnal measurement, AES aerobic exercise session followed by a 24-h diurnal meas-
urement, ABP ambulatory blood pressure, Δ delta, SE standard error, CI confidence interval
*p < 0.05, **p < 0.01

ABP (mmHg) REF AES Δ SE 95% CI p
Mean Mean

24-h
 Systolic 122.0 119.6 − 2.4 0.6 − 3.5; − 1.3 < 0.01**
 Diastolic 76.6 76.6 − 0.04 0.4 − 0.9; 0.8 0.92

Work hours
 Systolic 125.3 123.1 − 2.2 0.9 − 3.9; − 0.3 0.02*
 Diastolic 77.9 79.5 1.5 0.7 0.2; 2.8 0.03*

Leisure time
 Systolic 121.9 120.2 − 1.7 0.8 − 3.4; − 0.1 0.04*
 Diastolic 77.5 77.4* − 0.2 0.6 − 1.4; 1.1 0.81

Sleep time
 Systolic 102.6 103.6 1.1 1.2 − 1.1; 3.3 0.34
 Diastolic 61.8 62.7 0.9 0.8 − 0.8; 2.6 0.28
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acutely decrease systolic and diastolic ABP by 2–12 mmHg 
post exercise in both normotensive and hypertensive indi-
viduals in populations of unspecified occupation (Whelton 
et al. 2002; Crivaldo Gomes Cardoso 2010). Corresponding 
results were found in the present study in a population of 
cleaners with high levels of occupational physical activity.

Modest differences in systolic ABP between REF and 
AES were observed during leisure time and sleep within 
the 24-h (Table 2). During work hours, an overall beneficial 
effect of the aerobic exercise session of 2.4 mmHg lowered 
systolic ABP was found. This difference might seem small, 
especially when applied to normotensive persons. However, 
an overall decrease in systolic ABP of 2 mmHg is expected 
to reduce the risk of coronary heart disease by 4%, of stroke 
by 6%, and of cardiovascular mortality by 7% if applied to 
the general population (Whelton et al. 2002; Lewington 
et al. 2002; Chobanian et al. 2003). Moreover, the lowered 
systolic ABP during work hours is particularly promising 
given that cleaners are expected to experience elevated 
blood pressure during work hours as a result of high aerobic 
workloads (Korshøj et al. 2016a). We also found a signifi-
cantly 1.5 mmHg higher diastolic ABP during work hours 
(Table 2). However, when applied to the general population, 
an increase of 1.5 mmHg in diastolic ABP is not expected to 
increase cardiovascular hazards and therefore not considered 
clinically significant (Brguljan-Hitij et al. 2014).

When stratifying according to level of aerobic workload 
at baseline (≥/< 30% of HRR), we found contrasting dif-
ferences in ABP between REF and AES in the two groups. 
Among cleaners with low aerobic workload, a higher systolic 

ABP during leisure time was seen (Table 3). This increase 
could raise concerns about the intended cardiovascular bene-
fits of initiating worksite aerobic exercise sessions. However, 
the overall 24-h ABP was unchanged in this subgroup. Thus, 
no overall harmful effect of clinical significance ought to be 
expected. Nevertheless, this result should to be investigated 
in futures studies in comparable study populations. Among 
cleaners with high aerobic workload, we found lowered sys-
tolic ABP during the 24-h, work hours, and leisure time 
(Table 3). As a high level of aerobic workload increases the 
risk of elevated blood pressure (Korshøj et al. 2016a), these 
results suggest an acute beneficial cardiovascular response 
in a high-risk population of workers. Notably, a 4-month 
intervention study that conducted similar aerobic exercise 
intervention to a population of cleaners, found an increased 
ABP at follow-up (Korshøj et al. 2015). Thus, a long-term 
exposure to aerobic exercise could lead to adverse effect on 
blood pressure among workers with high levels of occupa-
tional physical activity.

Practical implications

There is a need to understand how to reduce cardiovascular 
risks in occupational groups with high levels of occupa-
tional physical activity. Cleaners constitute a high-risk group 
because of their exposure to high levels of occupational 
physical activity (Sjögren et al. 2003; Korshøj et al. 2016a).

In this study, we found significantly lowered systolic ABP 
following a single 30-min aerobic exercise session, indicat-
ing beneficial effects on ABP in this group of cleaners. This 

Table 3  Group means pre (REF) and post (AES) intervention and differences in pre to post intervention changes of ambulatory blood pressure 
(ABP) stratified by level of aerobic workload (< 30% HRR, ≥ 30% HRR)

Models adjusted for consultation blood pressure
REF 24-h reference diurnal measurement, AES aerobic exercise session followed by a 24-h diurnal measurement, ABP ambulatory blood pres-
sure, Δ delta, SE standard error, CI confidence interval
*p < 0.05, **p < 0.01

ABP (mmHg) REF AES Above 30% HRR during work REF AES Below 30% HRR during work

Mean Mean Δ SE 95% CI p n Mean Mean Δ SE 95% CI p n

24-h
 Systolic 121.1 116.7 − 4.3 0.9 − 6.2; − 2.4 < 0.01** 7 122.8 120.2 − 0.02 0.7 − 1.4; 1.4 0.98 10
 Diastolic 76.7 76.6 0.1 0.7 − 1.3; 1.4 0.91 7 76.9 75.2 0.1 0.5 − 0.9; 1.5 0.86 10

Work hours
 Systolic 123.4 120.7 − 3.7 1.5 − 6.4; − 0.8 0.01* 7 125.7 125.0 − 0.2 1.3 − 2.7; 2.3 0.87 10
 Diastolic 77.4 80.5 2.3 1.0 − 0.2; 4.3 0.03* 7 77.3 78.1 0.9 0.9 − 0.9; 2.7 0.32 10

Leisure time
 Systolic 123.2 118.0 − 5.2 1.4 − 7.9; − 2.5 < 0.01** 7 119.9 124.8 2.9 1.1 0.7; 4.9 0.01* 10
 Diastolic 78.4 76.6 − 1.7 1.1 − 3.8; 0.4 0.12 7 75.8 78.9 1.1 0.8 − 0.5; 2.7 0.18 10

Sleep time
 Systolic 93.5 97.1 0.7 1.4 − 2.1; 3.5 0.62 7 104.7 106.7 0.7 1.1 − 1.4; 2.8 0.51 10
 Diastolic 58.7 60.5 0.7 1.1 − 1.4; 2.8 0.51 7 62.2 64.4 1.2 1.3 − 1.3; 3.8 0.34 10
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suggests that the previously found beneficial acute effect of 
aerobic exercise also applies for workers with high levels of 
occupational physical activity.

Strengths and limitations

The major strengths of this study are the validated and pre-
cise 24-h ABP measurements and the diurnal heart rate and 
physical activity measurements. Such objective measure-
ments decrease the risk of subjective recall bias and bias 
from differential misclassification. Furthermore, ABP has 
been shown to be superior to clinical blood pressure meas-
urements in predicting risk of cardiovascular diseases (Per-
loff et al. 1983). The cross-over design is a methodological 
strength, the benefits of which include direct comparison 
of the interventions under investigation among the same 
participants, thereby eliminating between-subject variabil-
ity and minimising the risk of bias (Rothman et al. 2008). 
Moreover, the use of a mixed-model enabled analysis with 
missing data, thereby reducing the possible bias associated 
with multiple imputations (Twisk et al. 2013). Finally, the 
cleaners in this study were all normotensive with a mean 
baseline blood pressure of 114/77 mmHg.

The generalizability of the current study is limited 
because of the sample of cleaners working at an aircraft 
cleaning company in Copenhagen, Denmark. Compared to 
other populations of cleaners (Sjögren et al. 2003; Søgaard 
et al. 2006; Korshøj et al. 2016b), our study population had 
lower BMI and a higher baseline cardiorespiratory fitness. 
Moreover, the generalizability could be limited because 
of the female study population. However, studies show no 
indication of sex difference in post-exercise hypotension. 
Accordingly, the observed lowered blood pressure is most 
likely not depending on sex (Queiroz et al. 2013). Finally, 
the secondary stratified analysis by aerobic workload was 
based on very small strata, thereby limiting the robustness 
of the results.

Conclusion

In this cross-over study, we found a lowered 24-h sys-
tolic ABP after a single 30-min aerobic exercise session. 
Although the magnitude of the reduction in ABP might 
appear modest, previous literature shows changes of 
2 mmHg to be of clinical importance. Thus, our results indi-
cate beneficial acute effect on ABP. The beneficial acute 
effect on ABP was especially noticeable among cleaners 
with high aerobic workload. As far as we know, this is 
the first study to evaluate the acute ABP effects of a sin-
gle aerobic exercise session in workers with high levels of 
occupational physical activity. Thus, this study provides 
new knowledge regarding the acute ABP effects of aerobic 

exercise in a high-risk population. However, future studies 
are needed to understand and verify the identified acute ABP 
effect of a single aerobic exercise session in workers with 
high levels of occupational physical activity. We recommend 
future studies evaluating blood pressure effects to monitor 
24-h ABP and to consider the level of occupational physical 
activity of the study population.

Acknowledgements This work was supported by the Danish Working 
Environment Research Fund (Grant number 20100019624/5) and Fac-
ulty of Health Sciences, University of Copenhagen, Denmark.

Compliance with ethical standards 

Conflict of interest The authors declare that there is no conflict of in-
terest.

Open Access This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Antikainen RL, Moltchanov VA, Chukwuma C et al (2006) Trends 
in the prevalence, awareness, treatment and control of hyperten-
sion: the WHO MONICA Project. Eur J Cardiovasc Prev Rehabil 
13:13–29. https://doi.org/10.1097/01.hjr.0000185977.82383.b5

Aastrand I, Guharay A, Wahren J (1968) Circulatory responses to arm 
exercise with different arm positions. J Appl Physiol 25:528–532

Åstrand PO, Ryhming I (1954) A nomogram for calculation of aero-
bic capacity (physical fitness) from pulse rate during submaximal 
work. J Appl Physio 7:218–221

Barreira T, Kang M, Caputo J et al (2009) Validation of the Actiheart 
monitor for the measurement of physical activity. Int J Exerc Sci. 
https://doi.org/10.1038/ejcn.2010.196

Baumgart P, Kamp J (1998) Accuracy of the SpaceLabs Medical 90217 
ambulatory blood pressure monitor. Blood Press Monit 3:303–
307. https://doi.org/10.1097/MBP.0000000000000132

Brage S, Brage N, Franks PW et al (2004) Branched equation mod-
eling of simultaneous accelerometry and heart rate monitoring 
improves estimate of directly measured physical activity energy 
expenditure. J Appl Physiol 96:343–351. https://doi.org/10.1152/
japplphysiol.00703.2003

Brage S, Brage N, Franks PW et al (2005) Reliability and validity of 
the combined heart rate and movement sensor Actiheart. Eur J 
Clin Nutr 59:561–570. https://doi.org/10.1038/sj.ejcn.1602118

Brguljan-Hitij J, Thijs L, Li Y et al (2014) Risk stratification by ambu-
latory blood pressure monitoring across JNC classes of conven-
tional blood pressure. Am J Hypertens 27:956–965. https://doi.
org/10.1093/ajh/hpu002

CamNtech (2016) https://www.camntech.com/. Accessed 8 Dec 2016
Canoy D (2008) Distribution of body fat and risk of coronary heart dis-

ease in men and women. Curr Opin Cardiol 23:591–598. https://
doi.org/10.1097/HCO.0b013e328313133a

Chobanian AV, Bakris GL, Black HR et al (2003) Seventh report of the 
joint national committee on prevention, detection, evaluation, and 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/01.hjr.0000185977.82383.b5
https://doi.org/10.1038/ejcn.2010.196
https://doi.org/10.1097/MBP.0000000000000132
https://doi.org/10.1152/japplphysiol.00703.2003
https://doi.org/10.1152/japplphysiol.00703.2003
https://doi.org/10.1038/sj.ejcn.1602118
https://doi.org/10.1093/ajh/hpu002
https://doi.org/10.1093/ajh/hpu002
https://www.camntech.com/
https://doi.org/10.1097/HCO.0b013e328313133a
https://doi.org/10.1097/HCO.0b013e328313133a


338 European Journal of Applied Physiology (2018) 118:331–338

1 3

treatment of high blood pressure. Hypertension 42:1206–1252. 
https://doi.org/10.1161/01.HYP.0000107251.49515.c2

Clays E, Bacquer DD, Herck KV et al (2012) Occupational and lei-
sure time physical activity in contrasting relation to ambula-
tory blood pressure. BMC Public Health 12:1002. https://doi.
org/10.1186/1471-2458-12-1002

Crivaldo Gomes Cardoso J (2010) Acute and chronic effects of aero-
bic and resistance exercise on ambulatory blood pressure. Clinics 
65:317. https://doi.org/10.1590/S1807-59322010000300013

Detry MA, Lewis RJ (2014) The intention-to-treat principle: how to 
assess the true effect of choosing a medical treatment. JAMA 
312:85–86. https://doi.org/10.1001/jama.2014.7523

Fox SM, Naughton JP, Haskell WL (1971) Physical activity and the 
prevention of coronary heart disease. Ann Clin Res 3:404–432. 
https://doi.org/10.1016/0091-7435(72)90079-5

Glagov S, Zarins C, Giddens DP, Ku DN (1988) Hemodynamics and 
atherosclerosis. Insights and perspectives gained from studies of 
human arteries. Arch Pathol Lab Med 112:1018–1031

Holtermann A, Mortensen OS, Burr H et al (2011) Physical work 
demands and physical fitness in low social classes—30-year 
ischemic heart disease and all-cause mortality in the Copenha-
gen Male Study. J Occup Environ Med 53:1221–1227. https://doi.
org/10.1097/JOM.0b013e318233865f

Holtermann A, Hansen JV, Burr H et al (2012) The health paradox of 
occupational and leisure-time physical activity. Br J Sports Med 
46:291–295. https://doi.org/10.1136/bjsm.2010.079582

Ilmarinen J (1992) Job design for the aged with regard to decline 
in their maximal aerobic capacity: part I—guidelines for the 
practitioner. Int J Ind Ergon 10:53–63. https://doi.org/10.1016/
S1572-347X(00)80014-2

Joseph P, Leong D, McKee M et al (2017) Reducing the global bur-
den of cardiovascular disease, Part 1: the epidemiology and 
risk factors. Circ Res 121:677–694. https://doi.org/10.1161/
CIRCRESAHA.117.308903

Karvonen MJ, Kentala E, Mustala O (1957) The effects of training on 
heart rate. Ann Med Exper Fenn 35:1–459

Korshøj M, Krustrup P, Jespersen T et al (2013) A 24-h assessment 
of physical activity and cardio-respiratory fitness among female 
hospital cleaners: a pilot study. Ergonomics 56:935–943. https://
doi.org/10.1080/00140139.2013.782427

Korshøj M, Skotte JH, Christiansen CS et al (2014) Validity of the 
Acti4 software using ActiGraph GT3X+ accelerometer for record-
ing of arm and upper body inclination in simulated work tasks. 
Ergonomics 57:247–253. https://doi.org/10.1080/00140139.201
3.869358

Korshøj M, Lidegaard M, Skotte JH et al (2015) Does aerobic exer-
cise improve or impair cardiorespiratory fitness and health among 
cleaners? A cluster randomized controlled trial. Scand J Work 
Environ Health 41:140–152. https://doi.org/10.5271/sjweh.3475

Korshøj M, Clays E, Lidegaard M et al (2016a) Is aerobic workload 
positively related to ambulatory blood pressure? A cross-sectional 
field study among cleaners. Eur J Appl Physiol 116:145–152. 
https://doi.org/10.1007/s00421-015-3259-9

Korshøj M, Ravn MH, Holtermann A et al (2016b) Aerobic exercise 
reduces biomarkers related to cardiovascular risk among cleaners: 
effects of a worksite intervention RCT. Int Arch Occup Environ 
Health 89:239–249. https://doi.org/10.1007/s00420-015-1067-5

Korshøj M, Krause N, Clays E et al (2017) Does aerobic exercise 
increase 24-hour ambulatory blood pressure among workers with 
high occupational physical activity?—a RCT. Am J Hypertens 
30:444–450. https://doi.org/10.1093/ajh/hpw197

Lawes CM, Vander Hoorn S, Rodgers A others (2008) Global burden 
of blood-pressure-related disease, 2001. Lancet 371:1513–1518. 
https://doi.org/10.1016/S0140-6736(08)60655-8

Lewington S, Clarke R, Qizilbash N et al (2002) Age-specific rel-
evance of usual blood pressure to vascular mortality: a meta-
analysis of individual data for one million adults in 61 prospec-
tive studies. Lancet 360:1903–1913. https://doi.org/10.1016/
S0140-6736(02)11911-8

Mach C, Foster C, Brice G et al (2005) Effect of exercise duration 
on postexercise hypotension. J Cardiopulm Rehabil 25:366–369

Perloff D, Sokolow M, Cowan R (1983) The prognostic value of 
ambulatory blood pressures. JAMA 249:2792–2798. https://doi.
org/10.1001/jama.1983.03330440030027

Queiroz ACC, Rezk CC, Teixeira L et al (2013) Gender influence on 
post-resistance exercise hypotension and hemodynamics. Int J 
Sports Med 34:939–944. https://doi.org/10.1055/s-0033-1337948

Rothman KJ, Greenland S, Lash TL (2008) Modern epidemiology, 
3rd edn. Wolters Kluwer, Philadelphia

SAS II SAS/STAT 9.3 User’s Guide. SAS Institute Inc, Cary
Sjögren B, Fredlund P, Lundberg I, Weiner J (2003) ischemic heart 

disease in female cleaners. Int J Occup Environ Health 9:134–137. 
https://doi.org/10.1179/oeh.2003.9.2.134

Skotte J, Korshøj M, Kristiansen J et al (2014) Detection of physical 
activity types using triaxial accelerometers. J Phys Act Health 
11:76–84. https://doi.org/10.1123/jpah.2011-0347

Software|ActiGraph (2016) http://actigraphcorp.com/support/soft-
ware/. Accessed 20 Dec 2016

Søgaard K, Blangsted AK, Herod A, Finsen L (2006) Work design and 
the labouring body: examining the impacts of work organization 
on Danish cleaners’ health. Antipode 38:579–602. https://doi.
org/10.1111/j.0066-4812.2006.00596.x

Stemland I, Ingebrigtsen J, Christiansen CS et al (2015) Validity of the 
Acti4 method for detection of physical activity types in free-living 
settings: comparison with video analysis. Ergonomics 58:953–
965. https://doi.org/10.1080/00140139.2014.998724

Twisk J, de Boer M, de Vente W, Heymans M (2013) Multiple imputa-
tion of missing values was not necessary before performing a lon-
gitudinal mixed-model analysis. J Clin Epidemiol 66:1022–1028. 
https://doi.org/10.1016/j.jclinepi.2013.03.017

Whelton SP, Chin A, Xin X, He J (2002) Effect of aerobic exer-
cise on blood pressure: a meta-analysis of randomized, con-
trolled trials. Ann Intern Med 136:493–503. https://doi.
org/10.7326/0003-4819-136-7-200204020-00006

https://doi.org/10.1161/01.HYP.0000107251.49515.c2
https://doi.org/10.1186/1471-2458-12-1002
https://doi.org/10.1186/1471-2458-12-1002
https://doi.org/10.1590/S1807-59322010000300013
https://doi.org/10.1001/jama.2014.7523
https://doi.org/10.1016/0091-7435(72)90079-5
https://doi.org/10.1097/JOM.0b013e318233865f
https://doi.org/10.1097/JOM.0b013e318233865f
https://doi.org/10.1136/bjsm.2010.079582
https://doi.org/10.1016/S1572-347X(00)80014-2
https://doi.org/10.1016/S1572-347X(00)80014-2
https://doi.org/10.1161/CIRCRESAHA.117.308903
https://doi.org/10.1161/CIRCRESAHA.117.308903
https://doi.org/10.1080/00140139.2013.782427
https://doi.org/10.1080/00140139.2013.782427
https://doi.org/10.1080/00140139.2013.869358
https://doi.org/10.1080/00140139.2013.869358
https://doi.org/10.5271/sjweh.3475
https://doi.org/10.1007/s00421-015-3259-9
https://doi.org/10.1007/s00420-015-1067-5
https://doi.org/10.1093/ajh/hpw197
https://doi.org/10.1016/S0140-6736(08)60655-8
https://doi.org/10.1016/S0140-6736(02)11911-8
https://doi.org/10.1016/S0140-6736(02)11911-8
https://doi.org/10.1001/jama.1983.03330440030027
https://doi.org/10.1001/jama.1983.03330440030027
https://doi.org/10.1055/s-0033-1337948
https://doi.org/10.1179/oeh.2003.9.2.134
https://doi.org/10.1123/jpah.2011-0347
http://actigraphcorp.com/support/software/
http://actigraphcorp.com/support/software/
https://doi.org/10.1111/j.0066-4812.2006.00596.x
https://doi.org/10.1111/j.0066-4812.2006.00596.x
https://doi.org/10.1080/00140139.2014.998724
https://doi.org/10.1016/j.jclinepi.2013.03.017
https://doi.org/10.7326/0003-4819-136-7-200204020-00006
https://doi.org/10.7326/0003-4819-136-7-200204020-00006

	Acute effect on ambulatory blood pressure from aerobic exercise: a randomised cross-over study among female cleaners
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Ethical approval
	Study design
	Recruitment
	Data collection
	Data analysis
	Statistical analysis
	Data availability

	Results
	Flow
	Descriptive characteristics
	Primary analysis
	Analysis stratified by level of aerobic workload
	Analysis stratified by smoking status

	Discussion
	Practical implications
	Strengths and limitations

	Conclusion
	Acknowledgements 
	References


