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Abstract

Purpose To investigate the combined effects of occupational physical activity (OPA) and either overweight/obesity or low
levels of leisure-time vigorous physical activity (LTVPA) on self-rated health.

Methods A longitudinal study was performed among 29,987 construction workers with complete data on 2 Workers’
Health Surveillance Programs during 2010-2018. Self-reported OPA involved strenuous work postures and manual mate-
rial handling. Low level of LTVPA was defined as self-reported vigorous activity for less than three times per week lasting
at least 20 min per session. Overweight and obesity were based on Body Mass Index (BMI) (25.0 < BMI <30.0 kg/m? and
BMI > 30.0 kg/m?, respectively) using measured body height and weight. Self-rated health was measured using a single item
question. Logistic regression analysis was used to investigate the associations between the separate risk factors at baseline
and self-rated health at follow-up. The combined effects of demanding OPA and either overweight/obesity or low level of
LTVPA on self-rated health were analyzed using the relative excess risk due to interaction (RERI).

Results Mean follow-up duration was 31.7 (SD = 14.9) months. Construction workers with strenuous work postures (OR
1.3595% CI 1.25-1.46), manual material handling (OR 1.29 95% CI 1.19-1.40), obesity (OR 1.31 95% CI 1.17-1.47) and
low LTVPA (OR 1.13 95% CI 1.01-1.25) were more likely to report poor self-rated health at follow-up. No statistically
significant interaction effects were found for OPA and obesity or low LTVPA.

Conclusions OPA, obesity and low level of LTVPA were separate risk factors for poor self-rated health, but did not appear
to have a synergistic effect.

Keywords Occupational physical activity - Leisure-time physical activity - Overweight - Obesity - Self-rated health -
Interaction - Workers’ health surveillance

Introduction

Workers with a low socioeconomic position (SEP), many
of whom are blue-collar workers, have higher mortality
rates and a poorer health compared to workers with a high
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SEP (Dieker et al. 2019; Moor et al. 2017). Several work-
related determinants and individual lifestyle behaviors play
a role in the relatively poor health of low SEP workers. As
to the work-related determinants, blue-collar workers more
often work in disadvantaged work environments, including
demanding occupational physical activities (van der Beek
and Kunst 2019). For example, construction workers, who
are typically blue-collar workers, are exposed to occupa-
tional physical activities (OPA) (Azevedo et al. 2020) with
manual materials handling, bending and twisting of the
trunk and exposure to whole-body vibration, making them
at increased risk for poor (musculoskeletal) health (Bada-
rin et al. 2021; Burstrom et al. 2015; Coenen et al. 2014;
da Costa and Vieira 2010; Hiesinger and Tophoven 2019;
Merkus et al. 2019). Indeed, in contrast to the favorable
health effects of leisure-time physical activity (LTPA), high
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levels of OPA have been shown to impair health (Coenen
et al. 2018; Gupta et al. 2020; Holtermann et al. 2012).
These opposite health effects of physical activity in the
different domains of leisure time versus those of physical
activity at work is termed as the physical activity paradox
(Holtermann et al. 2012).

In addition to the explanation of the contribution of
demanding OPA to the poor health among blue-collar work-
ers, a higher prevalence of leisure-time physical inactivity
among blue-collar workers, including construction workers,
is seen compared to generally higher educated, white-collar
workers (Boal et al. 2020; Gilson et al. 2019). This lower
level of LTPA may be partly caused by exhaustion due to
demanding OPA of workers in manual jobs, leaving lit-
tle energy for performing other physical activities outside
working hours. Also, blue-collar workers may believe that
they already meet the recommended level of physical activ-
ity while at work and thus lack motivation to also engage
in LTPA (Brownson et al. 2001; Rasmussen et al. 2018).
In addition, linked to leisure-time physical inactivity, blue-
collar workers including the specific group of construction
workers, have higher rates of overweight or obesity com-
pared to white-collar occupational groups (Alavinia et al.
2009; Boal et al. 2020; Hanson et al. 2021; Harris et al.
2011; Myers et al. 2021; Willett et al. 2013).

Considering the adverse health effects of overweight and
low levels of leisure-time physical activity (Cecchini et al.
2010; Kaleta et al. 2006, 2009; Kraja et al. 2013; Molarius
et al. 2007; Rongen et al. 2014; Shields and Shooshtari
2001; Viester et al. 2013; WHO 2004), effective promotion
of LTPA and a healthy body weight as well as initiatives to
target the reduction of demanding OPA among blue-collar
workers can contribute to improvement of their health (Kor-
shoj et al. 2016; Viester et al. 2018; Volandis 2018). Besides,
the proven separate health effects of OPA on one hand and
LTPA and body mass index (BMI) on the other hand, these
factors may interact with each other. To explain, workers
with demanding OPA can be more vulnerable for negative
health effects of overweight and low levels of leisure-time
physical activity, implying a moderating role of these fac-
tors. This was confirmed in a study among construction
workers where overweight was found to be moderately
associated with an increased prevalence of musculoskeletal
symptoms, modified by OPA (Viester et al. 2013). A pos-
sible explanation might be that demanding OPA and a high
BMI both increase mechanical forces and moments on the
joints, which are known risk factors for MSDs, and could
thus in combination have increased the adverse effects on
health (Pietildinen et al. 2011; Thijssen et al. 2015). Also,
OPA are mostly performed during the entire working hours,
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potentially with insufficient time to recover, and thus may
not lead to the cardiorespiratory health benefits (Howley
2001; Savinainen et al. 2004) as is valid for leisure-time
vigorous physical activity (LTVPA) (Costigan et al. 2015),
which may add to the cardiovascular health risk of low levels
of leisure-time physical activity and overweight or obesity.

In sum, the underlying mechanisms indicate that the
combination of OPA and overweight/obesity or low level
of LTVPA may have a stronger effect on self-rated health
than the sum of each of the these separate factors. Until
now, only a small number of studies have been conducted
on the combined effects of these factors on different health
outcomes (Hoven and Siegrist 2013; Moor et al. 2017,
Robroek et al. 2017; Tonnon et al. 2019). To gain more
insight into the role of LTVPA and overweight/obesity in
the relation between high OPA and self-perceived health,
this study aimed to investigate the combined effects of a
high OPA and either overweight/obesity or low level of
LTVPA on self-rated health.

Methods

The dataset used in this longitudinal study consisted of
Dutch construction workers who participated in two Work-
ers’ Health Surveillance Programs (WHS) conducted by
Occupational Health Services (OHS) throughout the Neth-
erlands in the period between 2010 and 2018. All con-
struction workers were invited to a WHS every 4 years,
those aged 40 years or older were invited every 2 years,
and those with high physically demanding jobs (e.g. scaf-
folders) were invited every year (Volandis 2017). The
WHS consisted of a physical examination and a question-
naire. The questionnaire was sent to the home address of
the worker together with a call for the physical examina-
tion at the occupational health service. The worker was
asked to fill in the questionnaire and take the completed
questionnaire to the occupational health service location
where the physical examination was performed, including
the measurement of body weight and height. By an explicit
statement included in the questionnaire, respondents con-
sented to the use of their data for scientific purposes. Data
from the WHS over the period 2010 until 2018 were used,
since questions about lifestyle and self-rated health were
introduced from 2010 onwards (Arbouw 2010). For this
study, male construction site workers were included, and
those with two WHS measurements. Exclusion criteria
were: workers with only administrative tasks and workers
with only one WHS measurement.
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Variables
Occupational physical activity

Four questions, measured at baseline (i.e. the first WHS),
to be answered on a dichotomous scale (yes/no) were used
to assess OPA (Tonnon et al. 2019). Two questions referred
to strenuous work postures, the other two involved manual
material handling. Strenuous work postures included the
questions ‘During your work, do you often have to work for
a prolonged period of time in a kneeling or crouching posi-
tion?” and ‘Do you often have to work for a prolonged period
of time in an uncomfortable position?’. Material handling
was measured using the questions: ‘During your work, do
you often have to lift, push, pull or carry heavy loads?” and
‘During your work, do you often have to exert great force?’
(Tonnon et al. 2019). If one or more of the two questions was
answered positively, then the respondent was considered as
being exposed to strenuous work postures or manual mate-
rial handling, respectively. The respondents who answered
both questions per physical workload construct with ‘no’
were considered to have no strenuous work postures or man-
ual material handling and were used as reference category.

Overweight

Body mass index (BMI) was calculated using measured body
height and body weight during the physical examination at
baseline. Using the WHO guidelines, BMI was categorized
in healthy weight (18.5 <BMI <25.0 kg/m?), overweight
(25.0 <BMI < 30.0 kg/m?), and obesity (BMI >30.0 kg/m?)
(WHO 2004). As less than 1% of the population had under-
weight, we excluded these participants. Healthy weight was
used as reference category.

Leisure-time vigorous physical activity

In this study, LTVPA was measured at baseline by means
of a single question to the frequency per week of LTVPA
in the past month: ‘How many days during the past month
were you involved in vigorous physical activity (sports)
that caused sweating and lasted at least 20 min?’. Respond-
ents were considered to have low level of LTVPA if they
were vigorously active for less than three times per week.
Respondents who reported being vigorously active for three
or more times per week were considered to have high level
of LTVPA and were used as reference category. This cut-
off point was based on an earlier Dutch recommendation
(Kemper et al. 2000) to perform at least three times per week
vigorous intensity activities lasting at least 20 min per ses-
sion to maintain or improve physical fitness. As the question
on LTVPA in the WHS was based on this former guideline,
we also used this for the current study. Based on the recent

WHO guideline (WHO 2020) one could argue that the mini-
mum of 60 min is insufficient to achieve fitness and health
benefits. However, as the recent WHO guideline does not
explicitly distinguish between domains and thereby offers
room for physical activity at work, which is common among
the construction workers, we decided for the cut-off point
based on the earlier LTVPA recommendation.

Self-rated health

Self-rated health was measured using a single question
(Arbouw 2010; Jylha 2009), both at baseline and at follow-
up (T1): ‘Do you feel healthy?’. If the respondent reported
‘yes’, the respondent was considered having a good self-
rated health. If the respondent answered ‘no’, the respond-
ent was considered having poor self-rated health. Self-rated
health at follow-up was used as the dependent variable in
this study.

Covariates

Several sociodemographic, behavioral and workload factors
were included as covariates based on previous associations
found in the literature. Age and working hours were taken
into account as covariates as was done earlier (Kaikkonen
et al. 2009; Proper et al. 2020). Because of a lot of miss-
ing data and similar (low) educational level of the included
construction workers (Proper et al. 2020), education was
not used as covariate. Based on the job-demand-control-
support (Johnson and Hall 1988) and the effort-reward
model (Siegrist 1996), a number of psychosocial workload
factors were considered as covariates, namely job control,
job demands, social support, rewards, job satisfaction, and
work insecurity. Job control was measured by means of
two questions (Can you decide yourself, how you do your
job?, Can you influence the work speed?); work demands
was also measured by two questions (Do you often work
under time pressure, Do you have a lot of work to do?).
Participants were considered having a low job control or
high job demands if they answered at least one of the two
questions with ‘yes’. Social support was measured by means
of three questions (supported by supervisor, sphere at work,
sufficient time for consultation) and was considered as low
if a respondent answered ‘yes’ to at least one of the three
questions. Rewards was measured by two questions (feeling
appreciated, sufficient reward) and considered low if at least
one question was answered with ‘no’. Job satisfaction and
work insecurity were measured using a single question: “In
general do you feel satisfied in your current job?” (yes/no)
and “Does this job/employer offer you sufficient work secu-
rity?”. All questions to psychosocial workload factors used
dichotomous answer categories (yes/no). Due to the number
of available psychosocial workload factors, they were only
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included in the models if the regression coefficient changed
more than 10%. Lifestyle factors other than LTPA and BMI
were considered as potential covariates, i.e. smoking (never,
former, or current smoker) and alcohol consumption (0, 1-7,
or> 7 glasses per week) (Gezondheidsraad 2015).

Statistical analysis

In total, 76,897 workers participated in a WHS between
2010 and 2018. Administrative workers and workers with
missing values on job function were excluded (n=24,019),
followed by the exclusion of workers with single measure-
ments (n=21,294). For the purpose of this study, only the
two most recent WHS measurements of each worker were
used, thus previous measurements were excluded. In total,
31,584 workers with two WHS measurements were included
(Fig. 1). Incomplete data on self-rated health (n=115),
physical workload (n=302), BMI (n=125), physical activ-
ity (n=196), and covariates (n=1401) were excluded. This
resulted in exclusion of 1597 workers due to missing data
on 1 or more variables. In total, 29,987 construction workers
with complete data on 2 WHS measurements were included
for analyses in this study. Baseline characteristics of the total
study population were presented by descriptives and strati-
fied according to self-rated health at follow-up (T1). Logistic
regression analyses were used to investigate the associations
between demanding OPA, overweight/obesity and low levels
of LTVPA at baseline and poor self-rated health at follow-
up. Different models were used to adjust for variables, which
were all measured at baseline. Model 1 was adjusted for age,

Total number of workers participating in a WHS
between 2010-2018

N=76,897
Administrative staff
N=24,019
Number of workers
N=52,878
Workers with one measurement
N=21,294
Number of workers
N=31,584
Workers with incomplete data
N=1,597

Total study population
N=29,987

Fig. 1 Flowchart of the study population
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time to follow-up, working hours and lifestyle factors (BMI,
physical activity, smoking and alcohol consumption). Model
2 was additionally adjusted for psychosocial workload fac-
tors (demands, support, rewards, and job security). Finally,
self-rated health at baseline was also added in model 3.

To analyze the additive interaction effects of overweight/
obesity and low level of LTVPA in the association of OPA
at baseline and self-rated health at follow-up, variables were
created including the possible four combinations of OPA
constructs on one hand and overweight/obesity and levels
of LTVPA on the other. For example, the following cate-
gorical variable was created for the combination of LTVPA
and strenuous work postures: high level of LTVPA and no
strenuous work postures; high level of LTVPA and strenuous
work postures; low level of LTVPA and no strenuous work
postures; low level of LTVPA and strenuous work postures.
Logistic regression analyses were conducted to investigate
the associations between the combined variables and self-
rated health at follow-up. The odds ratios (OR) of the com-
bined associations were used to calculate the relative excess
risk due to interaction (RERI) and the corresponding 95%
confidence interval (CI), using this formula for each lifestyle
factor:

RERI overweight and strenuous work pos-
tures = OR(overweight + high strenuous work pos-
tures) — OR(overweight + low strenuous work pos-
tures) — OR(normal weight + high strenuous work
postures) + 1.

The same formula was used to calculate the RERI for low
levels of LTVPA with strenuous work postures. Similar com-
binations were made for overweight/obesity and low levels
of LTVPA with the OPA variable manual material handling.
These RERI analyses were fully adjusted for all of the vari-
ables described earlier. Statistical analyses were carried out
in IBM SPSS Statistics version 26.

Results

The median age of the construction workers was 49.0
(IQR=14) years at baseline (Table 1), and median follow-
up duration was 26.0 (IQR = 19 min—max = 1-107) months.
In total, 50.6% had overweight and 17.3% obesity, and 83%
was considered insufficiently vigorously active at baseline.
Strenuous work postures were reported by 41.4% of the par-
ticipants, and 54.8% was exposed to manual material han-
dling. Of all participants, 11.3% reported poor self-rated
health at follow-up.

Table 2 shows that construction workers with high strenu-
ous work postures (OR 1.35, 95% CI 1.25-1.46) or manual
material handling (OR 1.29, 95% CI 1.19-1.40) at baseline
were more likely to report poor self-rated health at follow-up
than those without demanding OPA, even after adjustment
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Table 1 Baseline characteristics
of 29,987 construction workers
stratified by self-rated health at
follow-up

Total Good self-rated  Poor self-
N=29,987 health (T1) rated health
N=26,590) (T1)
N=3397
Age (years) Median (IQR) 49.0 (14) 49.0 (14) 52.0(11)
Working hours Mean (SD) 40.0 (0) 40.0 (0) 40.0 (0)
Follow-up duration (months) Median (IQR)* 26.0 (19) 26.0 (20) 25.0 (13)
OPA® N (%) 12,426 (41.4) 10,627 (40.0) 1799 (53.0)

Strenuous work postures (%)
Material handling (%)
Poor self-rated health
BMIC (kg/m?)
BMI
Healthy
Overweight
Obesity
Low level of LTVPA!
Smoking
Never
Former
Yes
Alcohol consumption
0 glasses per week
1-7 glasses per week
>7 glasses per week
Work related factors
Low job control
High job demands
Low social support
High job insecurity
Low rewards
Low job satisfaction

16,446 (54.8) 14,300 (53.8) 2146 (63.2)

N (%) 2788 (9.3) 1607 (6.0) 1181 (34.7)
Median (IQR) 26.5 (4.5) 26.5 (4.5) 26.9 (4.8)
N (%)
9638 (32.1) 8697 (32.7) 941 (27.7)
15,170 (50.6) 13,449 (50.6) 1721 (50.7)
5179 (17.3) 4444 (16.7) 735 (21.6)
N (%) 24,904 (83.0) 21,992 (82.7) 2912 (85.7)
N (%)
11,454 (38.2) 10,352 (38.9) 1102 (32.4)
10,098 (33.7) 8820 (33.2) 1278 (37.6)
8435 (28.1) 7418 (27.9) 1017 (29.9)
N (%)
4656 (15.5) 4010 (15.1) 646 (19.0)
12,800 (42.7) 11,386 (42.8) 1414 (41.6)
12,531 (41.8) 11,194 (42.1) 1337 (39.4)
N (%)
9320 (31.1) 8084 (30.4) 1236 (36.4)
16,700 (55.7) 14,517 (54.6) 2183 (64.3)
4501 (15.0) 3640 (13.7) 861 (25.3)
6998 (23.3) 5863 (22.0) 1135 (33.4)
12,500 (41.7) 10,699 (40.2) 1801 (53.0)
1115 (3.7) 788 (3.0) 327 (9.6)

SD standard deviation

*Minimum and maximum follow-up duration of the total population is 1-107 months, for those with good
SRH 1-107 months and for those with poor SRH 1-104 months

POPA: occupational physical activity, here defined by strenuous work postures and material handling
°BMI: body mass index; overweight: BMI 25-29.9 kg/m?, obesity = BMI> 30 kg/m’
dLow level of LTVPA (leisure time vigorous physical activity): <3 days per week for at least 20 min per

session

for covariates and self-rated health at baseline. Overweight
at baseline was significantly associated with poor self-rated
health at follow-up in the univariate model, but not after
adjustment for covariates (see Table 2). For obesity, sig-
nificant associations with poor self-rated health at follow-
up were found in all models, including the fully adjusted
model (OR 1.31,95% CI 1.17-1.47). Construction workers
with low levels of LTVPA were significantly more likely to
report poor self-rated health at follow-up (OR 1.13, 95% CI
1.01-1.25) in all models.

Table 3 shows the results of the interaction effects of both
BMI categories and low levels of LTVPA with OPA on poor
self-rated health. It appeared that none of the RERIs showed
a statistically significantly additive interaction effect, nei-
ther for the combination of high manual material handling

or strenuous work postures and overweight/obesity on poor
self-rated health, nor for the combination of high manual
material handling or strenuous work postures and low levels
of LTVPA on poor self-rated health.

Discussion

Construction workers with obesity were at increased risk for
future poor self-rated health compared to their colleagues
with a healthy body weight, as were those with low levels
of LTVPA compared to their colleagues with high levels
of LTVPA. Also, workers with demanding OPA were more
likely to rate their health as poor at follow-up. However,
the combination of demanding OPA with either overweight/
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Table 2 Associations of OPA, overweight/obesity and low level of LTVPA at baseline with poor self-rated health at follow-up among 29,987

construction workers

Poor self-rated health (n=3397/29,987)

Univariate model
OR (95% CI)

Adjusted model 1?

OR (95% CI)

Adjusted model 2°

OR (95% CI)

Adjusted model 3¢
OR (95% CI)

OPA

Strenuous work postures
Manual material handling

1.69 (1.57-1.81)
1.47 (1.37-1.58)

BMI
Overweight 1.18 (1.09-1.29)
Obesity 1.53 (1.38-1.69)
Low level of LTVPA 1.25(1.13-1.39)

1.70 (1.58-1.83)
1.58 (1.47-1.71)

1.08 (1.00-1.18)
1.38 (1.24-1.54)

1.17 (1.05-1.29)

1.46 (1.35-1.57)
1.34 (1.24-1.44)

1.08 (0.99 -1.18)
1.39 (1.25-1.54)

1.23 (1.11-1.37)

1.35 (1.25-1.46)
1.29 (1.19-1.40)

1.07 (0.98-1.17)
1.31 (1.17-1.47)

1.13 (1.01-1.25)

Low level of LTVPA (leisure time vigorous physical activity): <3 days per week for at least 20 min per session

OR 0dds ratio, CI confidence interval, OPA occupational physical activity, BMI body mass index; overweight: BMI 25-29.9 kg/m?, obe-
sity =BMI > 30 kg/m?

# Adjusted for age, time to follow-up, working hours and lifestyle factors BMI, physical activity, smoking and alcohol consumption
b Additionally adjusted for workload factors namely job demands, psychosocial demands, support, rewards and job security
¢Additionally adjusted for self-rated health at baseline

Table 3 Interaction effects of overweight/obesity and low levels of LTVPA with high OPA on poor self-rated health among 29,987 construction
workers

Poor self-rated health

n OR (95% CI) RERI (95% CI)
BMI and strenuous work postures
Healthy body weight and no strenuous work postures 5527 1.00
Healthy body weight and strenuous work postures 4111 1.44 (1.24-1.66)
Overweight and no strenuous work postures 8893 1.14 (1.00-1.29) —-0.12(-0.35t0 0.11)
Overweight and strenuous work postures 6277 1.46 (1.28-1.66)
Obesity and no strenuous work postures 3141 1.32 (1.13-1.55) 0.13 (—=0.19 to 0.46)
Obesity and strenuous work postures 2038 1.89 (1.61-2.23)
LTVPA and strenuous work postures
High level of LTVPA and no strenuous work postures 2668 1.00
High level of LTVPA and strenuous work postures 2415 1.27 (1.04-1.55)
Low level of LTVPA and no strenuous work postures 14,893 1.08 (0.92-1.27) 0.13 (—=0.11 to 0.36)
Low level of LTVPA and strenuous work postures 10,011 1.48 (1.26-1.74)
BMI and manual material handling
Healthy body weight and no material handling 4151 1.00
Healthy body weight and material handling 5487 1.27 (1.10-1.48)
Overweight and no material handling 6925 1.09 (0.94-1.26) —0.01 (—=0.22 t0 0.20)
Overweight and material handling 8245 1.34 (1.17-1.54)
Obesity and no material handling 2465 1.20 (1.00-1.44) 0.29 (0.00-0.57)
Obesity and material handling 2714 1.76 (1.50-2.07)
LTPA and manual material handling
High level of LTVPA and no material handling 1894 1.00
High level of LTVPA and material handling 3189 1.38 (1.11-1.70)
Low level of LTVPA and no material handling 11,647 1.18 (0.98-1.43) —0.05 (—0.321t0 0.23)
Low level of LTVPA and material handling 13,257 1.51 (1.25-1.83)

Low level of LTVPA (leisure time vigorous physical activity): <3 days per week for at least 20 min per session

OR 0Odds ratio, CI confidence interval, RERI relative excess risk due to interaction, OPA occupational physical activity, BMI body mass index;
healthy body weight: BMI 18.5-24.9 kg/m?, overweight: BMI 25-29.9 kg/m?, obesity = BMI > 30 kg/m?
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obesity or low level of LTVPA did not yield a statistically
significant interaction, implying that the combined effects of
demanding OPA and either overweight/obesity or low levels
of LTVPA were not stronger than the sum of the separate
effects.

Our findings that demanding OPA, obesity and low levels
of LTVPA were significantly associated with poor self-rated
health are in line with previous studies (de Breij et al. 2020;
Proper et al. 2020; van Oostrom et al. 2021). Using the same
dataset of construction workers, Proper et al. also found sig-
nificant associations for high OPA and unhealthy behaviors
with poor self-rated health (Proper et al. 2020). Another
recent study, among lower educated workers from various
economic sectors, also confirmed that those with obesity or
being physically inactive in leisure time were more likely to
report poor health (van Oostrom et al. 2021). In addition,
in a study to identify work characteristics associated with
health outcomes in older workers, it was found that exposure
to high OPA was significantly associated with poorer self-
rated health, especially in lower educated workers (de Breij
et al. 2020). Thus, based on our and earlier research, there
seems to be no debate about the adverse effects of OPA,
obesity and low levels of LTVPA on poor self-rated health.

The scientific discussion is rather about the interplay
between work-related and lifestyle-related factors in the rela-
tion with workers’ health. Our hypothesis for an added effect
was partly based upon the physical activity health paradox
(Coenen et al. 2018; Gupta et al. 2020; Holtermann et al.
2012) with opposite health effects of physical activity at
work versus in leisure time. It was assumed that when a
worker is exposed to both risk factors, i.e. demanding OPA
and low levels of LTVPA, the adverse effects may add. This
is especially the case with construction workers who because
of their work have to deal with high levels of OPA, and as
a result may feel too tired to perform any kind of aerobic
physical activity in leisure time. However, in the current
study, we could not confirm such synergistic effect of physi-
cal activity in the two domains. For overweight/obesity and
OPA, which share a common mechanical pathway in the
development of musculoskeletal disorders (Robroek et al.
2017; Runhaar et al. 2011), we did not observe a syner-
gistic effect. This may suggest that the construction work-
ers with demanding OPA are not more susceptible to the
negative effects of low levels of LTVPA and overweight/
obesity. In the explanation for the lack of an interaction, the
intensity of LTPA may play a role. As the measure involved
vigorous physical activity and workers were considered to
have low levels of LTVPA if they performed less than 3
times per week 20 min vigorous physical activity, they still
could be physically active at a moderate intensity and suf-
ficient frequency, thereby achieving health benefits (Bull
et al. 2020; WHO 2020). Because we, unfortunately, did
not have such detailed data on the intensity, duration and

frequency of physical activity in leisure time, but this may
play an explanatory role. Further research into the interac-
tion between occupational and leisure-time physical activity
on self-rated health is thus needed. Still, it must be taken
into consideration that the effect of OPA and LTPA can-
not be disentangled to the full extent (Hulshof et al. 2021a;
Hulshof et al. 2021b). Also, the use of a general measure of
health in our study may explain the lack of the hypothesized
added effect of demanding OPA and LTVPA or overweight/
obesity. In contrast with our findings, two previous studies
showed a synergistic effect of a high physical workload and
obesity on future work ability and work disability benefits
due to musculoskeletal disorders (Robroek et al. 2017; Ton-
non et al. 2019). These two studies were also performed
in construction workers, but indeed used another outcome,
which may explain the contrasting results with the current
study. In addition, differences in confounders adjusted for
may explain the contrasting findings between our and ear-
lier studies. In our study, we adjusted for additional covari-
ates, including time to follow-up, working hours, and BMI
and physical activity. From the results in Table 2, it indeed
appeared that, overall, each successive model with additional
confounders resulted in a smaller effect size. Furthermore,
Table 3 confirms that the odds ratios for the exposure of two
risk factors were consistently higher than the odds ratios
in case of a single exposure, but the odds ratio found for
the combined exposure was lower for poor self-rated health
than previously reported for poor work ability (Tonnon et al.
2019). Despite the large sample size, the statistical power
for finding a significant effect of a combination of the two
risk factors was also somewhat lower. On the assumption
that a general measure of health can include various health
aspects and diseases, it is plausible that this has led to weak-
ening of the effect. To gain better understanding of the sepa-
rate and combined effects of physical workload and either
overweight/obesity or insufficient vigorous physical activity
on the interpretation of self-rated health, more research is
needed.

Strengths and limitations

This study is distinctive as it is one of the few on the com-
bined effects of lifestyle factors and physical workload on
self-rated health. The strengths of this study are its longitu-
dinal design, large sample size, objective measurement of
BMLI, and the multiple variables adjusted for. These strengths
enabled us to investigate the combined effects of high OPA
and either overweight/obesity or low level of LTVPA on
future self-rated health in a large group of construction
workers.

Although body height and weight were measured objec-
tively during the physical examination, BMI may not be the
preferred anthropometric indicator of all health outcomes,
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including undiagnosed diabetes type 2 (Xu et al. 2013).
Especially in muscular persons, such as construction work-
ers with high physically demanding work, more workers may
be misclassified as obese (Schneider et al. 2010) and the
effect of obesity on self-rated health in the current study
may, therefore, have been underestimated. Still, BMI is a
widely used and acceptable indicator of obesity at the popu-
lation level (Scafoglieri et al. 2014), which was also con-
firmed in a study by Gutin (Gutin 2018).

Despite the large dataset with a wide set of variables,
most variables, including the main determinants (OPA and
LTVPA) and the outcome measure (self-rated health), were
based on self-report, which may be imprecise due to dif-
ferences in interpretation (Prince et al. 2008; Troiano et al.
2008). For example, LTPA is mostly overestimated (Lechner
et al. 2006) and it is plausible that especially construction
workers, whose work require certain levels of activity, may
overestimate their actual level of physical activity. How-
ever, as we used vigorous activity as indicator for LTPA
and considering that 83% was classified as having low levels
of LTVPA, bias due to overreporting is likely to be small.
Added to this, the question about vigorous activity included
the example of performing sports, but did not make explicit
distinction between leisure-time or occupational physical
activity. As physical activity in these two domains have
shown potentially opposite health effects (Holtermann et al.
2018), the use of a non-explicit domain related physical
activity question could have led to a weakening of the effect
on self-rated health. To reduce this potential weakening
effect, we decided to use the question that asks to vigorous
intensity physical activity rather than to moderate intensity
physical activity, as we assumed one can more easily recall
vigorous activities, such as sports, than activities at a lower
intensity that are more integrated in daily functioning. Based
on a review, higher correlations with objectively measured
activity data were reported for vigorous compared to moder-
ate physical activity (van Poppel et al. 2010). Still, it is rec-
ommended to use more valid measurement instruments that
distinguish different domains of physical activity. Despite
the fact that the single item question to self-rated health has
been used since decades (Streib et al. 1958) and also increas-
ingly in epidemiological research (Jylha 2009; Rohrer et al.
2005), the use of a dichotomous scale rather than categorical
answer options ranging from poor to very good, may have
led to a higher proportion of workers rating their health as
good. The relatively low prevalence of 11% of self-rated
poor health in our study population compared to 10-34%
in the general Dutch adult population (CBS) can be an
expression of this. However, this may also be explained by a
healthy worker effect in our study population of construction
workers, since they all were able to work. On the other hand,
despite the use of three to five answer categories, which has
more nuance than a dichotomy, these categories are often
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collapsed into a dichotomous variable of good versus less
than good or poor health (Manor et al. 2000). In a study
comparing the dichotomous self-rated variable as outcome
compared to categorical variables, results appeared to be
similar suggesting the risk for bias due to imprecision small
(Manor et al. 2000). Although we used a longitudinal study
design with self-rated health measured at a later moment in
time than the risk factors, causality cannot be guaranteed.
To increase the plausibility of causal relationships, a study
is needed among workers with a good self-reported health
at baseline, where different trajectories of (combined) risk
factors over time are studied in their association with poor
self-rated health at follow-up. However, as the risk factors
were measured on average about 2.5 years before the health
outcome, the likelihood for reversed causality is small. In
this context, the average follow-up time of 32 months also
raises the question of how much baseline OPA or LTVPA
can affect self-rated health after so much time. As separate
effects were found for the risk factors, this seems realistic.

The current study may have dealt with selection bias
due to a healthy worker effect (Boschman et al. 2012; Sie-
bert et al. 2001). Compared to workers with health prob-
lems becoming unemployed or employed in less physically
demanding jobs, the current study population may have
consisted of a selection of relatively healthy workers, who
are still fit for the job of construction work. Assuming that
these workers are physically stronger, they are at lower risk
for health problems and have a higher self-rated health than
the total working population. Considering the relatively high
age of the population under study (mean: 47.3 years), it may
even make them more prone to healthy worker selection than
younger populations. This could have led to an underestima-
tion of the associations.

Practical implications

Due to the ageing workforce and the increasing retirement
age, it becomes more and more important to keep the work
force healthy and prevent the health burden associated with
high OPA and unhealthy lifestyle factors for the worker,
employer and society (Troelstra et al. 2020; Virkkunen et al.
2006). To support this, the Netherlands Society of Occu-
pational Health has developed a guidance document with
combined attention for work-related risk factors and lifestyle
factors in workers’ health surveillance programs (Sluiter
et al. 2013). By taking into account that high OPA, obesity
and low levels of LTVPA all increase the risk of future poor
self-rated health, worksite health promotion interventions
focusing on these factors can each have beneficial effects.
However, the current results do not imply that prevention
strategies should focus on specific groups with a combi-
nation of obesity or low levels of LTVPA and OPA. More
research is recommended to evaluate combined effects of
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physical workload factors and lifestyle factors, preferably
with more objective measurements during follow-up and in
different occupational groups.

Conclusions

Construction workers with demanding OPA as well as those
with obesity and low levels of LTVPA were more likely
to report poor self-rated health at follow-up. However, the
work-related and lifestyle-related factors did not appear to
have a synergistic effect. Our results indicate that worksite
health promotion interventions aimed at reducing OPA and/
or improving LTVPA and reducing obesity can have benefi-
cial health effects. The limited generalizability of the study
results to male construction workers should be taken into
account. Therefore, further research in other working popu-
lations is recommended.
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