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ARTICLE INFO ABSTRACT

Article history: Background: Physical activity positively influences cardiovascular health. Results from male-dominated physi-
Received 29 April 2022 cally active occupations suggest that a high level of occupational physical activity may be detrimental to cardio-
Received in revised form 9 February 2023 vascular health. This observation is referred to as the physical activity paradox. Whether this phenomenon can

Accepted 13 February 2023 also be observed in female-dominated occupations remains unknown.

Objective: We aimed to provide an overview of (1) leisure-time and occupational physical activity in healthcare
. workers. Therefore, we reviewed studies (2) to assess the relationship between the two physical activity domains
Caregivers . . . .
Exercise and analyzed (3) their effects on cardiovascular health outcomes in relation to the paradox.
Heart Methods: Five databases (CINAHAL, PubMed, Scopus, Sportdiscus, Web of Science) were systematically searched.
Health workforce Both authors independently screened the titles, abstracts, and full texts and assessed the quality of the studies
Risk factors using the National Institutes of Health's quality assessment tool for observational cohort and cross-sectional stud-
Review ies. All studies that assessed leisure-time and occupational physical activity in healthcare workers were included.
The two authors independently rated the risk of bias using the ROBINS-E tool. The body of evidence was evalu-
ated using the GRADE approach.
Results: The review included 17 studies that assessed the leisure-time and occupational physical activity of people
working in healthcare, determined the relationship between the domains (n = 7) and/or examined their effects
on the cardiovascular system (n = 5). Measurements for leisure-time and occupational physical activity varied
between studies. Leisure-time physical activity typically ranged between low and high intensity, with a short du-
ration (approx. 0.8-1.5 h). Occupational physical activity was typically performed at light to moderate intensity
with a very long duration (approx. 0.5-3 h). Moreover, leisure-time and occupational physical activity were al-
most negatively related. The few studies investigating effects on cardiovascular parameters revealed a rather un-
favorable effect of occupational physical activity, while leisure-time physical activity was beneficial. The study
quality was rated as fair and the risk of bias was moderate to high. The body of evidence was low.
Conclusions: This review confirmed that leisure-time and occupational physical activity of healthcare workers are
opposed in their duration and intensity. Moreover, leisure-time and occupational physical activity seem to be
negatively related and should be analyzed according to their relation to each other in specific occupations. Fur-
thermore, results support the relationship between the paradox and cardiovascular parameters.
Registration: Preregistered on PROSPERO (CRD42021254572). Date of registration on PROSPERO: 19 May 2021.
Tweetable abstract: Does occupational physical activity adversely affect the cardiovascular health of healthcare
workers in comparison to leisure-time physical activity?
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(physical activity paradox) have been demonstrated; while studies on
females have returned unclear results in relation to the physical activ-
ity paradox.

What this paper adds

» The occupational physical activity level of healthcare workers is
mainly in the range of light to moderate-intensity over a long dura-
tion, whereas leisure-time physical activity varies greatly and is per-
formed at light- to high-intensity levels for a short duration.

A negative association between leisure-time and occupational physi-
cal activity was identified, i.e., a high occupational physical activity
level is typically accompanied by low leisure-time physical activity
and vice versa.

The physical activity paradox with unfavorable effects of occupational
physical activity and favorable effects of leisure-time physical activity
on cardiovascular health can, according to the trend, also be attributed
to the female-dominated profession of healthcare workers, although
the current results need to be interpreted carefully.

1. Background

Non-communicable diseases such as cardiovascular diseases, diabe-
tes, and metabolic syndrome are, at present, one of the major global
health challenges (World-Health-Organization, 2022). The World
Health Organization (WHO) reported that cardiovascular diseases are
the leading cause of death worldwide (World-Health-Organization,
2022) even though it is well-known that a healthy lifestyle can protect
the cardiovascular system (Kariuki et al., 2019). The lifestyle factors
known to promote cardiovascular health include a balanced diet, ade-
quate sleep, and sufficient physical activity (Bull et al., 2020; Cash
et al., 2021; Lichtenstein et al., 2021). In this vein, the longitudinal
study results of the Framingham Heart Study, for example, have re-
vealed that sustained physical activity, rather than more sedentary
time, leads to lower mortality rates in people with cardiovascular dis-
eases (Shortreed et al., 2013; Nayor et al., 2021) and the incidence of
cardiovascular diseases can be reduced through persistent physical ac-
tivity over the life span (Shortreed et al., 2013). Based on the clear rela-
tionship between physical activity and health, the WHO recommends at
least 150-300 min of moderate-intensity activity, or 75-150 min of
vigorous-intensity activity per week to maintain health (Bull et al.,
2020). A combination of activities at different intensities for appropri-
ately adjusted durations is also effective in maintaining health (Bull
et al.,, 2020). However, it is strongly recommended that people engage
in physical activity beyond this minimum in order to gain additional
benefits for cardiovascular health as well as other health outcomes,
such as weight stabilization (Byambasukh et al., 2021). Conversely,
physical inactivity or sedentary time is associated with an increased
risk of cardiovascular disease (Manson et al., 2002). In addition to calcu-
lating the physical activity level in terms of active minutes at a specific
intensity, it can also be quantified using the metabolic equivalent,
which attributes certain scores to different activities. Metabolic equiva-
lent reporting is typically made in either minutes or hours, either per
day or per week. The minimum recommendation is 500 metabolic
equivalent/min (or 8.3 metabolic equivalent/h) per week (Kaminsky
and Montoye, 2014).

Physical activity behavior is not only a lifestyle factor, but an inevita-
ble demand of many occupations. However, it is interesting that the
findings of studies on people in highly active occupations seem to con-
tradict the findings on people who have a physically active lifestyle out-
side of work (Strippoli et al., 2021). While it has been shown that high
levels of leisure-time physical activity have beneficial effects on cardio-
vascular health it has also been demonstrated that occupational physi-
cal activity may not benefit cardiovascular health (Holtermann et al.,
2018; Cillekens et al., 2020). This unexpected relationship between
physical activity behavior and cardiovascular health in the two different

domains is referred to as the physical activity paradox (Holtermann
et al., 2018, 2012; Temporelli, 2021).

According to this paradox, occupational physical activity negatively
impacts cardiovascular health and thus contradicts traditional physical
activity research, which suggests that physical activity provides various
health benefits. However, the WHO recommends a general physical ac-
tivity level per day or week that does not stipulate domain specifications
or characteristics for physical activity (Coenen et al., 2018). A possible
explanation for the paradox is that occupational physical activity is typ-
ically performed at a low-intensity level over a long duration and with
inadequate breaks and recovery time (Holtermann et al.,, 2021) as has
been suggested by Holtermann et al.. Therefore, occupational physical
activity is not expected to have the same beneficial effects on the cardio-
vascular system as leisure-time physical activity, which is typically per-
formed in shorter bouts and mostly at higher intensities (Cillekens et al.,
2020; Holtermann et al,, 2021). An inadequate recovery time associated
with prolonged occupational physical activity may cause fatigue and ex-
haustion, in addition to sustained inflammation that may, in turn, in-
crease the likelihood of cardiovascular diseases (Krause et al., 2015;
Kasapis and Thompson, 2005). A second possible explanation for the
physical activity paradox is that heavy lifting, static loading, and monot-
onous and awkward working postures typically associated with physi-
cally demanding jobs lead to unfavorable cardiovascular and
musculoskeletal stress (Clays et al., 2013).

In contrast, leisure-time physical activity is typically performed
more at the moderate- to vigorous-intensity level for shorter bouts. Fur-
thermore, there is usually sufficient time for recovery before the next
activity is executed (Holtermann et al., 2018). Therefore, regular
leisure-time physical activity induces changes in the respiratory
(Sorokin et al., 2011) and cardiovascular systems (Herndez et al.,
2020) that may induce positive long-term physiological adaptations
(Harber et al., 2017; Whelton et al., 2002).

Occupational physical activity also seems to be directly related to
leisure-time physical activity. Thus, highly active occupation groups
(as determined by activity trackers) with low leisure-time physical ac-
tivity typically report a higher number of sick days than workers with
high leisure-time physical activity (and low occupational physical activ-
ity) (Gupta et al., 2020).

Various studies have been carried out to analyzes the effects of the
two domains on health. For example, a stronger autonomic imbalance
was detected by measuring heart rate variability during sleep in people
with high occupational physical activity (% of physical activity during
work in moderate-to-vigorous activity) (Hallman et al.,, 2017). Further-
more, high occupational physical stress was associated with a lower
hippocampal volume than was found in people with low occupational
physical stress (Burzynska et al., 2020). Similarly, for C reactive protein,
a marker for systemic inflammation, leisure-time physical activity
showed protective effects, whereas occupational activity did not. More-
over, a global physical activity questionnaire classified occupational
physical activity as a potential risk factor for this inflammatory marker
(Lee et al., 2021). Only a high amount of leisure-time physical activity,
not occupational physical activity (both assessed using metabolic equiv-
alent scales), has been shown to have a positive effect on maximum ox-
ygen uptake, a key indicator of cardiovascular fitness (Mundwiler et al.,
2017). In contrast, while controlling for leisure-time physical activity,
high occupational activity (measured using a questionnaire about typi-
cal occupational physical patterns) has been shown to be a protective
factor against chronic diseases (Probert et al., 2008). This suggests that
it is both feasible and necessary to examine and assess the roles of
leisure-time and occupational physical activity independently, to un-
derstand the reasons for the physical activity paradox.

To date, most of the studies that have analyzed leisure-time physical
activity and occupational physical activity patterns have been conducted
in occupational groups that are dominated by men, primarily manual
and blue-collar workers (Sato et al., 2018; Korshgj et al., 2021). These
professions involve a high level of physical activity. Furthermore,



T.I Janssen and C. Voelcker-Rehage / International Journal of Nursing Studies 141 (2023) 104470 3

female-dominated sectors are currently underrepresented in the exam-
ination of the physical activity paradox and studies investigating the
health effects and mortality rates associated with occupational physical
activity have returned less clear results for female subjects (Coenen
etal,, 2020). In particular, with regard to cardiovascular diseases, females
seem to be more frequently undiagnosed, undertreated, understated in
their typical symptoms, or incorrectly diagnosed (Hyun et al., 2017).

The healthcare sector is one professional context that has a much
greater proportion of female than male employees (Boniol et al.,
2019). This includes hospitals or other care facilities. We assume that
this sector is characterized by a high occupational physical activity
level at light intensity combined with a high physical workload
(e.g., lifting and standing for long periods). For example, nurses have
been shown to be primarily active in the light-intensity range and rarely
in the moderate activity zone (Chappel et al., 2017). Nevertheless, the
cardiovascular health of nursing occupational groups has been shown
to be insufficient (Sovova et al., 2020; Orr et al., 2013).

This review has (1) evaluated the leisure-time and occupational
physical activity as well as inactivity (sedentary time) of healthcare
workers as representatives of female-dominated occupations, and
(2) assessed the interaction between leisure-time and occupational
physical activity. So far, this interaction has only been investigated spo-
radically, so researchers can only speculate about the relationship be-
tween leisure-time and occupational physical activity in healthcare
workers. Based on the results for male-dominated occupations, we ex-
pected a negative relation between both domains. (3) In addition, this
review systematically summarizes the effects of leisure-time and occu-
pational physical activity on cardiovascular health and, thereby, contrib-
utes to untangling the physical activity paradox in relation to healthcare
workers.

2. Methods

This review evaluated the literature on leisure-time and occupa-
tional physical activity of healthcare workers.

2.1. Search strategy: databases and inclusion criteria

The studies were selected through a systematic search of the follow-
ing five databases: CINAHAL, PubMed, Scopus, Sportdiscus, and Web of
Science. The literature search was performed on September 30th, 2021.
The earliest paper found was published in 1963. We have continued to
check for new publications regularly (until November 2022) in case
other studies became available that could be included in the search.
No further studies were identified that met the inclusion criteria. The re-
view was registered on PROSPERO (CRD42021254572), where the
search protocol is documented. The three key elements (list of occupa-
tional keywords, keywords for occupational physical activity, and key-
words for leisure-time physical activity) were combined with the AND
operator to build the final formula (see also PROSPERO and the supple-
mentary material). Reviews and other overview articles found by the
search were screened for further studies that were included as second-
ary references. Studies were included in the review if they met the fol-
lowing criteria: (i) the studies were conducted on people currently
working in the healthcare sector, (ii) physical activity was reported for
leisure-time and occupational time, (iii) publications were written in
English or German, and (iv) samples included adults of working age,
that is 18-67 years of age. (v) Intervention studies were only included
if baseline values for leisure-time and occupational physical activity
were available. Reporting of the search and search results followed the
PRISMA guidelines.

2.2. Selection process and data extraction

After duplicates were removed, the titles and abstracts were ana-
lyzed by both reviewers using the inclusion criteria described above.

The remaining studies were then screened for fit a second time based
on the inclusion criteria and the full text. In cases where there was dis-
agreement, a third external reviewer was consulted, and a consensus
was reached on the study selection. Finally, the reference lists of the
studies and reviews selected for inclusion were also scanned for further
potentially relevant studies. Studies that analyzed a mixed population,
including healthcare workers, were included in the sample. When
these mixed population studies reported results for healthcare workers
separately, the results were included. When no separate values were
available in a mixed occupation, the collected values were included
when primarily female individuals were analyzed. Studies were in-
cluded if they assessed physical activity in both dimensions, leisure-
time and occupational physical activity, either by use of subjective
(e.g., questionnaires) or objective tools (e.g., accelerometers). Results
for both physical activity domains were used to assess the interaction
of the two dimensions as well as their individual effect on cardiovascu-
lar health.

Data on the sample population, including the number of partici-
pants, age, sex, country, and occupation, were extracted when available
to describe the samples and identify possible confounding factors and
differences between the studies. All available data on the parameters
of physical activity in the two domains and the respective measurement
tools were extracted to quantify physical activity. Physical activity was
quantified based on the named components of the physical activity par-
adox and exercise science (intensity, duration, body positioning, move-
ment patterns, and recovery time). The relationship between leisure-
time and occupational physical activity was similarly extracted from
the data. In order to facilitate the comparability of the physical activity
data, units were adjusted to each other where applicable. For example,
if the same values were reported, but in different units, they were con-
verted (e.g., metabolic equivalent/h per day to metabolic equivalent/
min per week). When results were available on the association between
leisure-time and occupational physical activity, they have been listed.
Furthermore, if physical activity levels were reported in relation to car-
diovascular health parameters (e.g., relative risk for cardiovascular dis-
eases, cardiovascular fitness, blood pressure), they were extracted to
verify the physical activity paradox. If there was any uncertainty about
the results of the study or any data was not provided, the authors
were contacted. Data extraction and data recalculation were conducted
by TIJ and confirmed by CVR.

2.3. Outcome data

The extracted data were prepared in tabular form and narrative de-
scriptions of the extracted data were used (cf. Table 1). If the reporting
of the study differed, e.g., by reporting further subcategories, this was
adjusted according to the WHO guidelines (e.g., high-intensity occupa-
tional physical activity was referred to as vigorous-intensity). As previ-
ously mentioned, the adjustment of the metabolic equivalent units
was also equalized for the studies that reported metabolic equivalents
in order to increase the comparability of this value. In addition to phys-
ical activity, leisure-time and occupational sedentary time were ex-
tracted as indicators of physical inactivity. Subsequently, interactions/
associations between the physical activity domains were extracted.
The relationship as well as their impact on cardiovascular health were
described.

2.4. Quality assessment, risk of bias, and body of evidence

The quality of the studies was evaluated using the Quality Assess-
ment Tool for Observational Cohort and Cross-sectional Studies by the
National Heart, Lung and Blood Institute (Health, 2015) by two inde-
pendent reviewers. The tool includes the following 14 criteria: (1) Re-
search question, (2) Study population, (3) Participation rate at least
50%, (4) Groups recruited from the same population and uniform eligi-
bility criteria, (5) Sample size justification, (6) Exposure assessed prior
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to outcome measurement, (7) Sufficient timeframe to see an effect,
(8) Different levels of exposure of interest, (9) Exposure measures and
assessment, (10) Repeated exposure assessment, (11) Outcome mea-
sures (12) Blinding of outcomes assessors, (13) Follow-up rate, and
(14) Statistical analysis. For analyzing the risk of bias, the Tool Risk of
Bias in Non-randomized Studies of Exposure (ROBINS-E) was used
(Bero et al., 2018). ROBINS-E includes seven criteria: (1) Risk of bias
due to confounding, (2) Risk of bias arising from the measurement of
the exposure, (3) Risk of bias in the selection of participants into the
study, (4) Risk of bias due to post-exposure interventions, (5) Risk of
bias due to missing data, (6) Risk of bias in the measurement of the out-
come, and (7) Risk of bias in section of the reported results. Further, the
body of evidence was rated by the two reviewers independently using
the Grading of Recommendations Assessment, Development and Evalu-
ation (GRADE) approach (Granholm et al., 2019). In the GRADE ap-
proach, the following criteria are used to evaluate the certainty of the
evidence based on the following aspects: (1) Inconsistency, (2) Indirect-
ness, (3) Imprecision, (4) Publication Bias, (5) Large effect, (6) Dose-re-
sponse, and (7) All other possible confounding. Applying this method
would demonstrate a reduced effect/suggest a spurious effect when re-
sults show no effect.

3. Results
3.1. Search results

The complete process of the study selection is visualized in Fig. 1 and
extraction is summarized in Table 1. Seventeen studies met the inclu-
sion criteria. As the three studies by Allesoe et al. referred to the same
study sample, the sample was only counted once in the calculation of
the sample size in this review (Allesge et al., 2015; Allesoe et al., 2016,
2017). However, the results of the three studies were reported sepa-
rately as they focused on different cardiovascular outcomes.

The total number of participants across all studies included here
amounted to 18,971 healthcare professionals, all of whom reported on
their leisure-time and occupational physical activity levels. The majority
(n = 14) of the study pool reported a mean age between 33 and 48
years. All studies included more female than male subjects. The studies
were conducted in the following countries: Australia (n = 3), Denmark
(n = 3), Hungary (n = 1), Ireland (n = 1), Lithuania (n = 1), the
Netherlands (n = 1), New Zealand (n = 3), Saudi Arabia (n = 1),
Thailand (n = 1), and the United States of America (n = 3). Among
the occupational groups, the majority were nursing staff and assistants
(n = 15), followed by physicians (n = 3), midwives (n = 2), and
other healthcare professionals (n = 5). Seven of the studies also inte-
grated information on other professions including teachers, house-
wives, and telephone personnel (Allesge et al., 2015; Allesoe et al.,
2016, 2017; Alquaiz et al., 2015; Malinauskiene et al., 2019; Wilbur
etal., 1999; Wolff et al., 2021). Six studies evaluated the relationship be-
tween leisure-time and occupational physical activity using different
statistical methods (correlation analysis (n = 3), student's t-test, logis-
tic regression, or linear mixed model (n = 1 each). The effect of leisure-
time or occupational physical activity on cardiovascular health was
assessed using the hazard ratio (n = 3), a correlation analysis (n =
1), or linear regression (n = 1) (see Table 1).

3.2. Physical activity behavior

The leisure-time and occupational physical activity parameters were
evaluated using subjective (e.g., questionnaires) (n = 14) and objective
(e.g., pedometer or accelerometer devices) measurements (n = 5) (see
Table 1). Two of the studies assessed both subjective and objective pa-
rameters (Umukoro et al., 2013; Yu, 2020). Accordingly, leisure-time
and occupational physical activity were reported in different units and
based on different data. Some studies reported both domains as a percent-
age of intensity level based on their typical leisure-time or occupational

physical activity patterns (n = 4 leisure-time, n = 3 occupational). How-
ever, most studies reported intensity levels and the duration spent in
these levels in either minutes or hours per day or per week (n = 5 for
both domains) or in hours per day off work (n = 1 occupational). Other
studies transformed the data from questionnaires into metabolic equiva-
lents (n = 5 leisure-time, n = 4 occupational), referencing either the
WHO recommendations (n = 1 for both domains) or Gobin recommen-
dation for leisure-time (n = 3 leisure-time), or reported in terms of spe-
cific activities (e.g., stepping, standing) (n = 2 both domains). Two
studies used a score to quantify occupational physical activity. Some stud-
ies also reported sedentary behavior (n = 8 for both domains).

3.3. Leisure-time physical activity

Sedentary time. Eight studies (Allesge et al., 2015; Allesoe et al.,
2016, 2017; Malinauskiene et al., 2019; Yu, 2020; Chappel et al., 2020;
Jirathananuwat and Pongpirul, 2017; Loef et al., 2018) examined seden-
tary time. Sedentary time ranged from 5% to 60% distribution of the typ-
ical activity level as reported in a questionnaire (Allesge et al., 2015;
Allesoe et al., 2016, 2017; Malinauskiene et al., 2019) or 60% per week
assessed with an accelerometer (Loef et al., 2018). Three studies pre-
sented sedentary time in objectively measured minutes per day rather
than as percentage values. They found durations ranged between 3.1 h
(Chappel et al., 2020) and 4.3 h (258 min) per day (Jirathananuwat
and Pongpirul, 2017) and up to 19 h per day on days off work (including
sleep) (Yu, 2020).

Light-intensity. Five of the 17 studies (Alquaiz et al., 2015; Yu, 2020;
Chappel et al., 2020; Jirathananuwat and Pongpirul, 2017; Wilbur et al.,
1998) assessed light-intensity physical activity using subjective measures
and found 56% to 77% of physical activity was performed at a light-
intensity level per week or for 26 to 42 min per day (Alquaiz et al., 2015;
Wilbur et al., 1998). Objectively measured durations of activity in the
light-intensity level ranged from 41 to 56 min per day (Chappel et al.,
2020; Jirathananuwat and Pongpirul, 2017) or 3 h per day on days off
work (Yu, 2020).

Moderate-intensity. Eleven studies assessed moderate-intensity
physical activity (Allesge et al., 2015; Allesoe et al., 2016, 2017;
Alquaiz et al., 2015; Malinauskiene et al., 2019; Umukoro et al., 2013;
Yu, 2020; Jirathananuwat and Pongpirul, 2017; Wilbur et al., 1998;
Henwood et al., 2012; Mc Carthy et al., 2018). Subjective reporting in-
cluded ranges from 21% to 66% of the week/day/typical pattern
(Allesge et al., 2015; Allesoe et al., 2016, 2017; Alquaiz et al., 2015;
Malinauskiene et al., 2019; Wilbur et al., 1998). The objectively mea-
sured moderate-intensity levels varied from nine to 135 min per day
or per week (Umukoro et al., 2013; Jirathananuwat and Pongpirul,
2017; Henwood et al., 2012; Mc Carthy et al., 2018) or 42 min on a
day off work (Yu, 2020).

Vigorous-intensity. Vigorous-intensity physical activity was mea-
sured in ten studies (Allesge et al., 2015; Allesoe et al., 2016, 2017;
Alquaiz et al., 2015; Malinauskiene et al., 2019; Umukoro et al., 2013;
Jirathananuwat and Pongpirul, 2017; Wilbur et al., 1998; Mc Carthy
et al.,, 2018) and included durations ranging from no time to 34 min
per day (Yu, 2020; Jirathananuwat and Pongpirul, 2017; Mc Carthy
et al, 2018) or 17 min (~ 0.28 h) per week (Umukoro et al., 2013) (all
objectively measured exceptin (Mc Carthy et al., 2018)). Subjective pro-
portions of vigorous-intensity ranged from less than 2% to 35% of
leisure-time per week (Alquaiz et al,, 2015; Malinauskiene et al., 2019;
Wilbur et al., 1998) or 27% of general leisure time (Allesge et al.,, 2015;
Allesoe et al., 2016, 2017). Chappel et al. also summarized the objec-
tively measured moderate- to vigorous-intensity physical activity and
reported an average of 13 min of moderate- to vigorous-intensity phys-
ical activity per day (35% of leisure time per day) (Chappel et al,, 2020).

Metabolic equivalent. In four studies, the questionnaire data was
transformed into metabolic equivalent values to quantify the level of
physical activity (Wilbur et al., 1999; Wolff et al., 2021; Tuckett and
Henwood, 2015; Rovo et al., 2020). Three studies (Wilbur et al., 1999;
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e Records identified through
,g database searching:
3 295 CINAHL, 748 PubMed, 2681
5 Scopus, 58 Sportdiscus, 206 Web
S of Science
z
PR Records before duplicates N Records duplicates
removed (n = 3988) (n=414)
o
=
£
Q
g
(%]
Records screened titles and B Records excluded
—_J abstracts (n = 3574) o (n=3301)
> Full-text articles excluded because the did
= not match inclusion criteria (n = 257)
Q i - No healthcare workers included (n = 68)
2 Full-text articles assessed for - Leisure-time or occupational physical
w eligibility (n = 273) \ activity not reported
(n=147)
— - Publication not in English or German
n=12)
) - Sample age unfitting (n = 2)
- Intervention studies had no baseline
2 Final included studies that (n=28)
° analyzed OPA and LTPA
3
° n=17)
& Studies which analyzed < Article from other sources (n = 1)
cardiovascular health
__J (n=5)

Fig. 1. PRISMA flow chart of the search process.

Tuckett and Henwood, 2015; Rovo et al., 2020) reported metabolic
equivalent values above 500 metabolic equivalent/min per week during
leisure time (corresponding to the WHO recommendation). Wolff et al.
(2021) reported only 284 metabolic equivalent/min per week.

Others. Two studies (Alquaiz et al., 2015; Mc Carthy et al., 2018) de-
scribed whether the subjects reached the recommendations for physical
activity during leisure time based on the Gobin questionnaire and WHO
recommendations. Alquaiz et al. determined that more than half of the
subjects were insufficiently active, a quarter were classified as active
and the remaining quarter were moderately active (Alquaiz et al.,
2015). Mc Carthy also found that only 10% of nurses met the WHO's rec-
ommended level of physical activity (Mc Carthy et al., 2018). Chappel
et al. and Loef et al. specified data by quantifying additional types of ac-
tivity and body positioning using objective tools (Chappel et al., 2020;
Loef et al., 2018). Their participants stood for 24% per day (~1.5 h) or
27% of their leisure-time and were walking/stepping for between less
than 1% to over 64% of their leisure time per day (~ 54 min). Loef et al.
also reported on running and cycling, which accounted for less than
3% of leisure-time (Loef et al.,, 2018).

To summarize the results for leisure-time physical activity, high het-
erogeneity was found among healthcare workers who range from being
very sedentary to more active. The active period during leisure time,
based on objective data, was relatively short (approx. 0.8-1.5 h), mostly
at a light-intensity, while the subjective data indicated a light- to
moderate-intensity level. However, of the four studies that used meta-
bolic equivalent assessments, three did report sufficient levels of
leisure-time physical activity.

3.4. Occupational physical activity
3.4.1. Sedentary time

In eight studies (Allesge et al.,, 2015; Allesoe et al., 2016, 2017;
Umukoro et al., 2013; Yu, 2020; Chappel et al., 2020; Jirathananuwat

and Pongpirul, 2017; Loef et al., 2018), sedentariness was subjectively
assessed and ranged from 19% to 57% of the working period (Allesge
et al.,, 2015; Allesoe et al., 2016, 2017), or from 150 to 1308 min (~2.5
to ~21.8 h) per day/week (Umukoro et al., 2013; Chappel et al., 2020;
Jirathananuwat and Pongpirul, 2017). Using objective tools, sedentary
time was 7.4 h per 12-h shift (Yu, 2020). Moreover, Loef et al.'s objective
assessment determined that people working in the healthcare sector
typically spend 16 h per week sitting (Loef et al., 2018).

3.4.2. Light-intensity

Light intensity during working hours was considered in five studies
(Umukoro et al., 2013; Yu, 2020; Chappel et al.,, 2020; Jirathananuwat
and Pongpirul, 2017; Wilbur et al., 1998) and results ranged between
a subjectively measured 63% per week (Wilbur et al., 1998) and an ob-
jectively measured 74% per day (Chappel et al., 2020). The duration of
the objectively measured light-intensity activity, recorded in minutes,
was very heterogeneous and ranged from 80 to 150 min (~1.3 to 2.5
h) per day/during work (Chappel et al., 2020; Jirathananuwat and
Pongpirul, 2017). Other studies reported 1084 min (~18 h) per week
(Umukoro et al., 2013) and 7 h per 12-h shift (Yu, 2020).

3.4.3. Moderate-intensity

Moderate-intensity levels were reported in nine studies (Allesge
et al,, 2015; Allesoe et al., 2016, 2017; Umukoro et al., 2013; Yu, 2020;
Jirathananuwat and Pongpirul, 2017; Wilbur et al., 1998; Henwood
et al,, 2012; Mc Carthy et al.,, 2018). In four studies, moderate physical
activity accounted for 34% of working time or 33% per week (Allesge
etal, 2015; Allesoe et al., 2016, 2017; Wilbur et al., 1998). Other studies
objectively measured moderate-intensity at 30 min to 48 min per week
or per 12-h shift (Umukoro et al.,, 2013; Yu, 2020). Eight to 40 min per
day of moderate-intensity was reported in the studies by Henwood
(based on subjective data) and Jirathananuwat (based on objective
data) (Jirathananuwat and Pongpirul, 2017; Henwood et al., 2012).



T.I Janssen and C. Voelcker-Rehage / International Journal of Nursing Studies 141 (2023) 104470 9

3.4.4. Vigorous-intensity

Seven studies reported vigorous physical activity among health
workers (Allesge et al., 2015; Allesoe et al., 2016, 2017; Umukoro
et al.,, 2013; Yu, 2020; Jirathananuwat and Pongpirul, 2017; Wilbur
et al., 1998) with a duration of 0 h to approximately 0.5 h per day/
week/shift (Umukoro et al., 2013; Yu, 2020; Jirathananuwat and
Pongpirul, 2017). Wilbur et al. (1998) assessed found less than 2% per
week of vigorous intensity during their occupation. In contrast, a
study of a Danish cohort reported that 46% of working patterns was typ-
ically spent in vigorous activities (Allesge et al., 2015; Allesoe et al.,
2016, 2017).

Chappel's study combined objective moderate-to-vigorous intensi-
ties and determined a value of 24 min during work time. This amounted
to 65% of all moderate-to-vigorous physical activity per day (Chappel
et al., 2020).

3.4.5. Metabolic equivalent

Three studies transformed the questionnaire data into metabolic
equivalents and detected values ranging from 1335 to 2319 metabolic
equivalent/min, per week for nurses and midwives (Tuckett and
Henwood, 2015), health professionals (Rovo et al., 2020), and a mixed
occupational group of women (Wilbur et al., 1999). The recommended
minimum of 500 metabolic equivalent/min per week, was clearly
exceeded during occupational activity in all three studies (Wilbur
et al., 1999; Tuckett and Henwood, 2015; Rovo et al., 2020).

3.4.6. Others

Mc Carthy et al. assessed whether their participants reached the
WHO recommendation using the same references for leisure-time
physical activity and occupational physical activity (Mc Carthy et al.,
2018). The team determined that 41% of nurses met this recommenda-
tion at work (Mc Carthy et al., 2018). Two studies gave values for spe-
cific activities, such as standing or cycling, based on objective
measures (Chappel et al., 2020; Loef et al., 2018). Standing comprised
31% of the working time or 76% per day (~4.8 h). Additional objective
reports included 36% (~4.8 h) stepping per day (Chappel et al., 2020),
11% (~3.5 h) walking, and less than 0.4% of the weekly working time
was spent running, climbing stairs, and cycling (~0.1 h) (Loef et al.,
2018). Two studies assessed occupational physical activity using scores
based on the subcategory household and caregiving index of the Kaiser
physical activity survey (Alquaiz et al., 2015) or the Baecke physical ac-
tivity questionnaire (Wolff et al., 2021). Both studies reported a mean
value close to three, which equates to more than 20 h per week
(Alquaiz et al., 2015) and is considered, on a scale of 1-5, moderately ac-
tive (Wolff et al., 2021).

Overall, most studies that reported occupational physical activity, split
the results into different intensity levels without providing information
about the duration within each intensity level or the total duration. The
objective data measured between 1.5 and 3 h of mostly light-intensity ac-
tivity during work. However, results varied substantially depending on
the assessment tool used and the study sample. Most occupational phys-
ical activity was classified as light intensity. This stands in contrast to the
subjective data reporting of the metabolic equivalent that shows suffi-
cient occupational physical activity.

3.5. Relation between leisure-time and occupational physical activity

Six studies analyzed the relationship between leisure-time and oc-
cupational physical activity (Umukoro et al., 2013; Chappel et al.,
2020; Jirathananuwat and Pongpirul, 2017; Wilbur et al,, 1998;
Henwood et al., 2012; Tuckett and Henwood, 2015) using different sta-
tistical approaches. Henwood's team used a between-group comparison
and found that higher occupational physical activity was negatively as-
sociated with leisure-time physical activity (Henwood et al., 2012). A
similar observation was made by Chappel et al. who used both a linear
latent and mixed model (Chappel et al., 2020). They found that high

occupational physical activity was a determining factor for lower
leisure-time physical activity, especially when leisure-time physical ac-
tivity was conducted after work in the afternoon and evening and vice
versa (Chappel et al., 2020). In the comparative study of lifestyles by
Tuckett's team, a significantly lower level of occupational physical activ-
ity and a higher level of leisure-time physical activity was identified in
the healthy lifestyle group (Tuckett and Henwood, 2015). Wilbur et al.
(1998) and Jirathananuwat and Pongpirul (2017) compared mean
leisure-time to occupational physical activity and found that leisure-
time physical activity was significantly lower than occupational physical
activity in both their mixed study population (Wilbur et al., 1998) and
their healthcare worker sample (Jirathananuwat and Pongpirul, 2017).

Overall, leisure-time and occupational physical activity seem to be
negatively related. However, this may also be mediated by other factors.

3.6. The association of leisure-time and occupational physical activity with
cardiovascular health

Five of the studies evaluated one or more cardiovascular health pa-
rameters (Allesge et al., 2015; Allesoe et al., 2016, 2017; Alquaiz et al.,
2015; Wilbur et al., 1999). The three studies by Allesoe et al., based on
the Danish Nurse Cohort Study, evaluated the risk for ischemic heart
disease by investigating the incidence of ischemic heart disease over a
15-year period (Allesge et al., 2015; Allesoe et al., 2016, 2017). The
first study reported a higher risk of ischemic heart disease in subjects
with a high sedentary leisure-time and low occupational physical activ-
ity compared to moderate leisure-time physical activity and moderate
occupational physical activity groups. However, the groups with vigor-
ous leisure-time and high occupational physical activity had the highest
risk of ischemic heart disease when compared to both moderate activity
level groups (Allesge et al., 2015). The second study by Allesoe and col-
leagues included blood pressure as an additional factor. Subjects with
hypertension and high occupational physical activity showed the
highest risk of ischemic heart disease in the adjusted model for lifestyle
factors (including leisure time) (Allesoe et al., 2016). In the third study,
Allosoe et al. reported that the subjects who were classified as vigor-
ously active at their workplace had the highest risk of ischemic heart
disease, even after adjusting for lifestyle (including leisure-time physi-
cal activity) (Allesoe et al., 2017). Alquaiz and colleagues, on the con-
trary, reported a negative correlation between occupational physical
activity and the risk of cardiovascular disease (Alquaiz et al., 2015). Fur-
thermore, the study by Wilbur et al. established a negative correlation
between total cholesterol level, occupational physical activity energy
expenditure, and leisure-time physical activity energy expenditure.
They also identified a negative correlation between high-density lipo-
protein cholesterol and occupational physical activity energy expendi-
ture (Wilbur et al., 1999).

Overall, more than half of the studies suggested that high occupa-
tional physical activity may have unfavorable effects on cardiovascular
health while leisure-time physical activity has favorable/compensatory
effects.

3.7. Quality assessment, risk of bias, and body of evidence

The results of the qualitative evaluation of the individual studies are
presented in Table 2. No study was rated as good quality (11-14 points),
thirteen were rated as fair (5-10 points), and four were rated as poor
quality (0-4 points) (Malinauskiene et al., 2019; Wilbur et al., 1998;
Mc Carthy et al., 2018; Tuckett and Henwood, 2015). The most common
violations were a lack of repetition in the measurement of the exposure
(Question 10) and the legitimization of the sample size (Question 5).
Moreover, many categories could not be applied to the studies because
of their poor quality (Malinauskiene et al., 2019; Wilbur et al., 1998; Mc
Carthy et al., 2018; Tuckett and Henwood, 2015). To improve the quality
of literature, the following aspects should be addressed: dropout rate
(Malinauskiene et al., 2019), the selection of study participants (because
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mixed cohorts and locations were used) (Malinauskiene et al., 2019), the
reporting of physical activity as one dimension (more dimensions were
provided in communication with the authors) (Mc Carthy et al., 2018),
and a clearer definition of the exposure (Wilbur et al.,, 1998).

The results of the risk of bias and the rating of the body of evidence

<< < <LK < < ) ) N > X 2
P> >ZEZ ZZZZZZZ>ZZ are presented in Table 3. Regarding the risk of bias, six studies were clas-
sified as moderate (Allesge et al., 2015; Allesoe et al., 2016, 2017,
Chappel et al., 2020; Jirathananuwat and Pongpirul, 2017; Allesoe
SSSSSSs SSSsSsSssSSsS et al.,, 2015) and eleven were classified as high risk (Alquaiz et al.,
2015; Malinauskiene et al., 2019; Wilbur et al,, 1999; Wolff et al.,
2021; Umukoro et al., 2013; Yu, 2020; Loef et al., 2018; Wilbur et al.,
e < 1998; Henwood et al., 2012; Tuckett and Henwood, 2015; Rovo et al.,
zZzzzz=zz zZzzZzzzzZzZZZZ 2020; Waldersen et al., 2017), with the “Risk of bias due to confound-
ing” and “Risk of bias in section the reported results” being the most
common issues evident in the literature.
=222 2525225, 25%2 The current confidence of evidence following the Grading of Recom-

mendations, Assessment, Development and Evaluation approach
(GRADE) was quantified as low. The primary reasons for this result
were that 1) the study designs were limited to cross-sectional and ob-
servational approaches, 2) the studies did not directly control for con-
founding variables, and 3) there was a lack of dose-response
relationship determined in the literature.

4. Discussion

This review provides an overview of studies that assessed leisure-
time and occupational physical activity as well as sedentary behavior
in healthcare workers. Overall, occupational physical activity was pri-
marily conducted at light to moderate-intensity and leisure-time phys-
ical activity at light- to high intensity, however, reporting and

<< < T o oY < <
ZZZZZZZ ZZZZZZZZZZ
measurement tools, as well as results, were very heterogeneous. No
clear information on duration and intensity could be provided. The du-
ration of leisure-time physical activity differed and was rather short,
while the duration of occupational physical activity was relatively
<< < CLCLL<Z < < . . P . .
>>=ZZZZ2 ZZZZZZZzZZ long - up to 3 h with a high variation. Furthermore, a negative associ-

ation between physical activity in the two domains was identified.
With regard to cardiovascular health, a trend in the direction of the
physical activity paradox was determined. However, systematic re-
search and objective data relating cardiovascular health to leisure-
time and occupational physical activity were not available. Due to
the low body of evidence and the high likelihood of risk of bias, the
results have to be interpreted carefully in relation to the question
of causality.

4.1. Leisure-time physical activity

The heterogeneous picture of leisure-time physical activity ranged
from insufficient physical activity to excessive physical activity which
exceeded the recommendations. The intensity of leisure-time physical
activity varied greatly across studies although it was mainly in the
range of light to moderate. Activities tended to be short in duration.
These results are similar to the results of studies that focused on more
male-dominated occupational groups in the blue-collar sector (Myrtek
et al., 1999). Such studies also reported very heterogeneous results
and the activity levels ranged from mostly sedentary to moderate-to-
vigorous active (Hallman et al., 2015). Consequently, the leisure-time
physical activity of employees cannot be clearly derived from their oc-
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P~ g cupation. It should be noted that not all studies included here recorded
. S = 5~ and/or reported how many days their subjects worked, nor were they
RIS = g =3 § Com very clear about the amount of leisure time. Consequently, some stud-
S533]% S =& 5 SENES 8 ies, for example, determined leisure-time physical activity per week
PR 5 "= .
FRE" 83 RE% g Ej; ; ==% even though some participants had more days off than others or, alter-
CEECCEEEREETROTE SO natively, worked all week long. To avoid this in future studies, workers
Yy uNESEB,.REEES TR ¢ . : '
SRR EEZEPOESoLEE2E2ER should be observed for a longer time or tasked with recording their
é’ééE‘EEWEQTUUégE::O:‘ e . [ .
TSI EFRS=S22522=2 2 work plan. The distribution of work across days and the distribution of

Notes. Y: Yes, N: No, CD: Cannot be determined, NA: Not applicable, NR: Not reported, Good quality = 11-14 points, Fair quality = 5-10 points, poor quality = 0-4 points.

days off should also be considered in order to generate a comprehensive
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Table 3
Risk of Bias in Non-randomized Studies of Exposure (ROBINS-E) (Bero et al., 2018) and GRADE approach to grade the quality of evidence (Granholm et al., 2019).
ROBINS-E
(1) Risk of (2) Risk of bias  (3) Risk of bias  (4) Risk of bias due  (5) Risk of bias  (6) Risk of bias in (7) Risk of bias in Overall
bias due to arising from in selection of to post-exposure due to missing  measurement of the section of reporting risk of bias
confounding measurement of  participants into  interventions data outcome
the exposure the study
(Allesge et al, 2015) — — + NA + — — Moderate
(Allesoe et al., 2016) — — + NA + - — Moderate
(Allesoe et al., 2017) — — + NA + - — Moderate
(Alquaiz et al., 2015) — — — NA + — — High
(Chappel et al., 2020) — — + NA + NA — Moderate
(Henwood et al,, 2012) — — + NA ? NA — High
(Jirathananuwat and ~ — — + NA + NA — Moderate
Pongpirul, 2017)
(Loef et al., 2018) — — + NA - NA - High
(Malinauskiene et al., — — — NA - NA - High
2019)
(Mc Carthy et al, 2018) — — + NA + NA — Moderate
(Rovo et al,, 2020) — — + NA NA — High
(Tuckett and — — — NA ? NA — High
Henwood, 2015)
(Umukoro et al, 2013) — — + NA ? NA - High
(Wilbur et al., 1998) — — — NA ? NA — High
(Wilbur et al,, 1999) — — — NA ? NA — High
(Wolff et al,, 2021) — — — NA ? NA — High
(Yu, 2020) — — + NA — NA - High
Overall body of (1) Inconsistency (2) Indirectness (3) Imprecision (4) Publication Bias (5) Large effect (6) Dose-response (7) All possible Final
evidence by confounding would quality of
the GRADE approach reduce a demonstrated the body of
effect/would suggesta  evidence
spurious effect when
results show no effect
-1 -1 0 -1 0 0 0 Low

Notes. Low risk of bias (+), high risk of bias (—), unclear risk of Bias (?), NA = Not applicable, 0 = criteria not up or downrated, — 1 = criteria downrated, —2 criteria strongly downrated,

+1 = criteria uprated, +2 = criteria strongly uprated.

picture. This is particularly important as work-related fatigue, obesity,
and stress at work have been shown to reveal negative effects on
leisure-time physical activity (Blafoss et al., 2019). Further moderating
factors on leisure-time physical activity, such as socioeconomic status,
or other lifestyle components, such as nutrition (Coenen et al., 2020;
Rottensteiner et al., 2010), should be assessed in addition to leisure-
time physical activity in the future.

Furthermore, it should be considered that the studies included in
this review assessed leisure-time physical activity using both, subjective
and objective measurement tools. The two studies in this review that
used both types found that objective tools were more accurate and con-
firmed what is already known (Umukoro et al., 2013; Yu, 2020). This
points to the need for objective measurement tools for physical activity
(Coenen et al., 2020).

Overall, more information is needed about leisure-time physical ac-
tivity beyond intensity and duration to test for occupation-related ef-
fects. Moreover, measurement tools should be standardized across
studies to facilitate comparisons between studies.

4.2. Occupational physical activity

Occupational physical activity was also assessed and reported very
heterogeneously, which again makes it difficult to compare the data of
the different studies. Overall, the data suggests that occupational physical
activity had a longer duration than physical activity during leisure time,
ranging from 1.5 h to 3 h of physical activity while working. With regard
to intensity, physical activity during work tends to be in the light-
intensity range most of the time. This intensity level is in line with
Chappel's et al. study on nurses. They also reported a high proportion of
light-intensity occupational physical activity (Chappel et al., 2017). Simi-
larly, studies that analyzed the typical energy expenditure of different
work activities revealed that most of the activities in the healthcare sector

are in the area of light- to moderate-intensity (Briickner et al., 2021). The
results for the health sector differ from studies that focus on more male-
dominated occupations such as blue-collar workers. Clay et al. revealed
that blue-collar workers spent more than five hours on their feet and
more than one hour in the moderate to vigorous-intensity range per
day (Clays et al., 2020). As for blue-collar workers, similarly high values
were returned for construction workers (Arias et al., 2015). Thus, overall,
it seems that occupational physical activity levels in the healthcare sector
are significantly lower than the physical workload of the previously stud-
ied male-dominated professions and the cleaning sector.

Furthermore, occupational physical activity results differed depend-
ing on whether subjective or objective tools were used. Again, there is a
clear need for an objective assessment of occupational physical activity
to facilitate comparisons between studies and the role in the paradox
(Coenen et al., 2020; Chappel et al., 2017).

4.3. Relationship between leisure-time and occupational physical activity

In this review, only six of the 17 studies directly compared leisure-
time and occupational physical activity. Six studies determined that
leisure-time and occupational physical activity are dissimilar and/or po-
tentially influence each other. Leisure-time and occupational physical
activity seem to be negatively related; that is, a higher activity level at
work is typically associated with lower leisure-time physical activity,
and vice versa. As of yet, no comparison between the two domains of
physical activity for other professions has been identified. Rasmussen
et al. related leisure-time and occupational physical activity to each
other in a mixed occupation group and revealed that physical activity
behavior at work was negatively associated with leisure-time physical
activity on a daily basis (Rasmussen et al., 2021). One might expect
that, in the healthcare sector, occupational physical activity influences
leisure-time physical activity on a daily basis, particularly for those
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healthcare workers doing shiftwork. This time factor might also have a
mediating effect on both domains (Peplonska et al., 2014), meaning
that occupational physical activity may be lower in certain shifts or
might differ between shifts (Chappel et al.,, 2017). Similar results were
shown for blue-collar workers in a shift system. Nightshift blue-collar
workers showed a higher sedentary time during work compared to
non-shift workers. In relation to leisure-time physical activity, blue-
collar nightshift workers showed comparable results to dayshift
workers (Hulsegge et al., 2017). Rasmussen et al. found a positive rela-
tion in blue-collar workers between occupational walking and leisure-
time standing for women. For males, the relationship between specific
occupational physical activity (e.g., stepping) and leisure-time physical
activity elements was lower (Rasmussen et al., 2019). This illustrates
that sex and the type of activity could be relevant intermediating factors.

Moreover, the overall energy expenditure during work seems to in-
fluence leisure-time physical activity. Kaleta et al. revealed that males
who expended over 4000 kcal/week in occupational physical activity
were more likely to lead an inactive lifestyle during leisure time. Similar
results were identified for women with a limit of 3500 kcal/week in oc-
cupational physical activity (Kaleta et al., 2007). In contrast, Kruger et al.
showed that people who were already active at work were also more
active during their leisure time (Kruger et al., 2006).

Overall, the results highlight a mostly negative relationship between
both domain-specific patterns. However, it is possible that the findings
may be influenced by other factors outside of the measured domains. A
more accurate specification of the two physical activity dimensions in
different occupations, while controlling for confounding factors, would
help generate clearer results.

4.4, Leisure-time and occupational physical activity and their association
with cardiovascular health

Only five studies assessed the effects of leisure-time and occupational
physical activity on cardiovascular health parameters (Allesge et al., 2015;
Allesoe et al., 2016, 2017; Alquaiz et al., 2015; Wilbur et al., 1999). Four
out of the five studies identified a trend that suggests leisure-time physi-
cal activity could have beneficial effects on cardiovascular outcomes and
occupational physical activity might have unfavorable effects on
healthcare workers. This trend also suggests the existence of the physical
activity paradox in the female-dominated healthcare sector. Therewith,
the results are in line with studies and reviews of other professions. Re-
views have revealed that leisure-time physical activity has a preventive
effect against the risk of cardiovascular diseases in mixed occupations
(Li et al., 2013). In addition, higher leisure-time physical activity was
shown to be beneficial for the health of all types of occupational groups,
particularly for workers in more inactive occupations (Prince et al.,
2019). Prince et al. included various health outcomes in their review
and determined the highest evidence of the physical activity paradox
for the outcomes' cardiovascular mortality and metabolic syndrome
(Prince et al,, 2019). The accelerometer-based evaluation by Ketels'
team identified the favorable effects of moderate- to vigorous-intensity
physical activity in leisure time. However, they could not be established
for occupational physical activity in relation to cardiovascular fitness
(Ketels et al., 2020). Similar conclusions regarding the physical activity
paradox were drawn by Ryu et al. who analyzed the impact of leisure-
time and occupational physical activity on hypertension in women (Ryu
et al,, 2020). Further, studies stated that occupational lifting, as an often
feature in blue-collar work, has an adverse effect on cardiovascular func-
tion and cardiovascular structures (Korshgj et al., 2021). Thus, although
only five studies assessed the effects on cardiovascular health, the find-
ings of this and other reviews speak in favor of the paradox. However,
which component (duration, intensity, type of movement, or movement
prosperities) produces the detrimental impact of occupational physical
activity on cardiovascular health remains unclear.

One could speculate that factors other than occupational physical ac-
tivity, such as stress, might contribute to the physical activity paradox as

they are known to be detrimental to cardiovascular health. Thus,
Ferrario et al. revealed that people with job strain, in particular,
benefited from leisure-time activities such as cardiovascular activity
(Ferrario et al., 2019). People with high levels of job strain have been
shown to have an increased risk of cardiovascular diseases (measured
using arterial wave reflection) (Otsuka et al., 2009). However, the
term job strain includes not only physical but also psychological stress,
which may also mediate cardiovascular health (Kristensen, 1996).
Schilling et al. rated the cardiovascular risk in police officers using fit-
ness level and occupational stress. They demonstrated that the highest
risk occurred in the group with high occupational stress and low fitness
levels (Schilling et al., 2019). Similarly, de Vries and Bakker reported
that for their mixed occupational group, people with highly demanding
jobs benefited from high leisure-time physical activity less than those
with less demanding jobs and low burnout rates (de Vries and Bakker,
2021). Furthermore, nurses who were classified as more resilient re-
vealed higher occupational physical activity levels than less resilient
workers (Yu, 2020). These psychological variables suggest that any hy-
potheses about the paradox should also integrate psychological load.

To sum up, it seems necessary to objectively quantify not only phys-
ical, but also psychological load to comprehensively disentangle the
physical activity paradox. The five studies related to the paradox did
not assess psychological load. Furthermore, in addition to psychological
stress, it should be acknowledged that other lifestyle factors, such as nu-
trition, are also known to influence cardiovascular health. Consequently,
when considering the physical activity paradox, further lifestyle factors
should also be controlled for. Finally, the results found in this review are
influenced by subjective measurement methods that should be objecti-
fied for leisure-time and occupational physical activity, as well as car-
diovascular health in the future. Whether the results related to the
physical activity paradox are being determined by the physical activity
level of the professions, psychological factors, or the overall lifestyle re-
quires further analysis.

4.5. Strengths

This review focused on the characteristics of leisure-time and occu-
pational physical activity and their relationship in healthcare workers as
pink-collar workers. Pink-collar workers are underrepresented in stud-
ies reporting on the physical activity domains, in particular, in relation
to the physical activity paradox. It should be noted that other reviews
neither addressed leisure-time and occupational physical activity, nor
have they researched specific occupations. This is a clear strength of
the present review. Further, we reported the relationship between car-
diovascular outcomes and leisure-time and occupational physical activ-
ity using the physical activity paradox characteristics. This
quantification and standardization approach enables us to describe
the context in more detail.

This review is the first to use exercise science characteristics (such as
intensity and duration) and recommends reporting these when analyz-
ing leisure-time and occupational physical activity and their effects. The
definition of a “high occupational physical activity” (in other reviews)
might depend on the sector and related professional activities and re-
quire standard reporting. Thus, a strength of this review is the quantifi-
cation of physical activity by intensity using standard reporting and by
considering components of the paradox (e.g., static posture during
movement, recovery time). This is the first step towards standardization
in reporting.

4.6. Limitations

The specification in the selection of the target group reduces the
generalizability of this review, but also reveals the heterogeneity in
the sector. The heterogeneity of the physical activity assessment tools
and the age spans in the different studies have limited the expressive
power of the results. Another limitation is the low body of evidence
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and that only observational studies could be integrated into this review.
Furthermore, the weak quality of the available studies is a limitation
that reduces the significance of this overview. In addition, when using
exercise science quantifications of physical activity (such as intensity
and duration), the reporting in the studies makes it difficult to general-
ize the physical activity levels to values per week and to compare them
with the WHO recommendations for physical activity. First, it was difficult
to properly assess the level of physical activity in the two domains. Sec-
ond, relating leisure-time and occupational physical activity (assessed as
daily values) to health outcomes (in this review, cardiovascular health)
may be problematic as the physical activity values are not necessarily rep-
resentative of a person's lifestyle. Third, the combination of subjective and
objective data collection methods for the two domains of physical activity
could explain the heterogeneity of the results and should be critically
reconsidered in the future. A further limitation of this review is that two
studies were integrated, that reported on a mixed population and the re-
sults of the healthcare workers were not reported separately. This might
have confounded the overview. However, only female-dominated sectors
were included and our findings are in line with the theory behind this re-
view that suggests female-dominated professions are more closely
equated within the framework of the paradox.

It is also notable that three studies in this study sample analyzed the
effect of leisure-time and occupational physical activity on cardiovascular
health based on the same study population, this may have also biased the
overall findings. However, as there is currently a lack of research investi-
gating the influence of physical activity level on the cardiovascular status
in healthcare staff or specific occupational groups this review benefitted
more from including the additional findings than it risked.

4.7. Future research directions

This review offers some preliminary ideas about how to analyze the
effects of domain-specific physical activity using an exercise science ap-
proach. The primarily observational studies included in this review do
have scientific merit, but should be supplemented in a more controlled
setting. The following aspects should be considered in future studies.

As summarized by Coenen et al. objective methods for determining
physical activity should be applied in future studies to assist with an ac-
curate evaluation of the physical activity paradox (including body posi-
tion, dynamics of movement, and recovery time) (Coenen et al., 2020).
In particular, devices that can also distinguish between various activi-
ties, with different body positions and durations at a variety of activity
levels as well as recovery time, should be used to quantify leisure-
time and occupational physical activity in more detail (Chappel et al.,
2017). Moreover, cardiovascular tools should be used in shorter inter-
vals to clarify the effects of change in leisure-time and occupational
physical activity. It would also be beneficial to supplement the tradi-
tional cardiovascular health measurements (such as blood pressure)
with cardiovascular fitness measurements such as a step test protocol
(Castro-Pifero et al., 2021; Bennett et al., 2016), a test of push-up capac-
ity (Yang et al., 2019), or an incremental shuttle walk test carried out in
the work domain (Marsico et al., 2021).

In addition, an independent evaluation of leisure-time and occupa-
tional physical activity is necessary to decode their associations and
their separate health effects. Furthermore, it should be noted, that phys-
ical activity is a lifestyle component that can be influenced by other fac-
tors, such as dietary habits or stress. Controlling for such factors would
be advantageous for understanding the relationship between leisure-
time and occupational physical activity. Similarly, cultural effects or oc-
cupational structures in the respective countries may modify physical
activity behavior in the two domains. Also, the reporting of leisure-
time and occupational physical activity should correspond to a uniform
line. Standardized reporting according to intensity and duration,
e.g., based on the WHO recommendations, would be beneficial to

make different studies comparable and to analyze the effects of the
components of physical activity on health.

Even within the group of healthcare workers, there is high variability
in leisure-time and occupational physical activity, due to shift patterns,
working hours, family situations, and general health behavior, among
others. Moreover, this pink-collar worker group shows heterogeneity
in occupational tasks and shift systems. A division into groups with dif-
ferent professional requirements could avoid this heterogeneity. Based
on the heterogenous occupational requirements within the health
care sector, recommending physical activity, as “one size fits all”, should
be reconsidered and recommendations should integrate occupational
physical activity profiles.

Considering all these factors might enable more tailored physical ac-
tivity interventions and to derive recommendations that account for the
specific characteristics of the different professional groups. From a prac-
tical point of view, these physical activity interventions could reduce the
possible effects on cardiovascular health in the risk group.

5. Conclusions

In general, leisure-time physical activity of healthcare workers
was classified as heterogeneous from sedentary to active leisure-
time in moderate- to vigorous-intensity with shorter durations. Oc-
cupational physical activity could be classified as mostly light inten-
sity with a long duration. Furthermore, we found a mostly negative
relationship between leisure-time and occupational physical activ-
ity. However, these results are preliminary because of the low quality
and number of studies. A clear statement based on the activity pat-
terns in the two domains and cardiovascular health cannot yet be
made due to the study types, methods, and low study density avail-
able. The mostly preliminary results of the studies included in this
review support the physical activity paradox in relation to cardiovas-
cular health in female-dominated occupational groups, but the
findings need to be critically reconsidered. Controlled prospective
studies are needed that assess leisure-time and occupational
physical activity objectively and monitor cardiovascular health regu-
larly in various occupations in order to verify or elicit the paradox.
Particular consideration should be given to the differentiation of
characteristics in the reporting of leisure-time and occupational
physical activity including intensity, duration, and type of movement
and their properties to disentangle their health effects.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijnurstu.2023.104470.
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