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Abstract
Purpose To examine the association of exposure to Occupational Physical Activity (OPA) with all-cause mortality and 
incidence of cardiovascular diseases (CVD).
Methods The study population was composed of three Italian cohorts: a national cohort of employees participating in the 
National Health Survey 2005, followed-up until 2014 (ILS 2005), and two urban cohorts of employees resident in Turin at 
2001 and 2011 censuses (TLS 2001 and TLS 2011, respectively), both followed-up until 2018. Follow-up was conducted 
through individual record-linkage with death registries and hospital admissions archives. Exposure to OPA was assigned 
through an Italian job-exposure matrix (JEM). Relative Risks of both CVD incidence and overall mortality associated with 
OPA quartiles (IRR) were estimated using Poisson regression models adjusted for socio-demographics and health, and in 
the national cohort, also for leisure time physical activity, BMI, smoking, diabetes, and hypertension.
Results Compared to the lowest quartile, the highest OPA quartile was associated in both genders with significantly increased 
mortality in TLS 2001 (IRR = 1.11 among men, IRR = 1.20 among women) and in TLS 2011 (IRR = 1.27 among men and 
IRR = 1.73 among women), whereas in the ILS 2005 cohort no association was found. Among women, high OPA was also 
associated with CVD risk in TLS 2001 and 2011 (IRR = 1.39 and IRR = 1.16 for the highest quartile, respectively), while in 
the ILS cohort in both genders only the third quartile showed a significantly higher risk.
Conclusion Our results indicate that OPA does not have a beneficial effect on CVD and mortality, but rather suggest that it 
may produce deleterious health effects.

Keywords Occupational physical activity · Mortality · Cardiovascular diseases · Longitudinal studies · Job-exposure 
matrix · Epidemiology

Introduction

Although for leisure time physical activity (LTPA) beneficial 
effects on health have been consistently shown, including a 
decrease in mortality and in cardiovascular diseases (CVD) 
incidence (Cheng et al. 2018), for occupational physical 
activity (OPA) the association with these health outcomes 
appears mixed in the literature. Earlier studies from the 
‘50 s and the ‘70 s found higher longevity among work-
ers exposed to high OPA (Morris et al. 1953; Kagan 1976; 

Rose and Cohen 1977), whereas most of more recent studies 
have rather found no significant association or an increased 
risk of mortality. A meta-analysis showed an 18% increase 
in mortality among men employed in jobs with high OPA, 
compared to those in jobs with low OPA, but no significant 
association was demonstrated among women (Coenen et al. 
2018). Regarding CVD, in a meta-analysis of seven cohort 
studies the risk of CVD was 25% higher for exposure to 
high vs. low OPA (Li et al. 2013), whereas a recent sys-
tematic review did not find any association between high 
OPA and CVD mortality in men or women (Cillekens et al. 
2023). Furthermore, two recent large longitudinal studies 
with thorough adjustment for potential confounders found 
opposite results: while in a Norwegian study men exposed 
to high OPA showed significantly higher longevity (Dalene 
et al. 2021), in a Danish study both CVD incidence and all-
cause mortality were increased for exposure to high OPA 
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(Holtermann et al. 2021). Other recent studies reported an 
increased risk of mortality or CVD associated with high 
OPA in various countries (Martinez-Gomez et al. 2022; Her-
mansen et al. 2019; Wanner et al. 2019; Quinn et al. 2021), 
although several other studies did not find any association 
(Luo et al. 2022; Pearce et al. 2021; Strippoli et al. 2022; 
Bonekamp et al. 2022).

In spite of the mounting evidence on the possible negative 
health effects of OPA, the last WHO guidelines on physi-
cal activity still equate the health benefits of LTPA with 
those of OPA, stating that “every step counts” in reaching 
the physical activity amount recommended, independently if 
performed in leisure time or at work; in fact, according to the 
WHO guidelines, there is insufficient evidence to distinguish 
between the effects on health of physical activity in different 
domains (Bull et al. 2020).

The discrepancy between the detrimental effect of OPA 
on health and the beneficial one of LTPA has been named 
the “physical activity paradox” and interpreted as due to 
differences in the characteristics of physical activity in the 
two domains: compared to LTPA, OPA would involve in 
general lower intensity levels of activity, mainly unable to 
improve cardiorespiratory fitness, but sustained for much 
longer time, often with insufficient recovery pauses (Holter-
mann et al. 2018).

However, it has been commented that the positive associa-
tion between OPA and mortality could have been determined 
by confounding (or residual confounding) by socioeconomic 
position (SEP) or health status, as higher OPA and poorer 
health are more diffuse in workers in more disadvantaged 
social classes, and in many studies results have been adjusted 
only for age, gender and for a socioeconomic- or a health-
related covariate (Coenen et al. 2020). Possible confounding 
by lifestyles or exposure to other work hazards eventually 
correlated with higher OPA, such as workplace air pollutants 
and psychosocial factors, has been also suggested (Reinhardt 
et al. 2013). Another possible source of inconsistency of the 
results in the literature is that the association of OPA with 
mortality and CVD may be influenced by the level of LTPA, 
as reported by some studies, where OPA was associated with 
a higher risk in presence of low LTPA (Clays et al. 2013; 
Harari et al. 2015).

Furthermore, given that exposure to OPA was self-
reported in almost all studies on mortality or CVD, differ-
ential misclassification of exposure to OPA by case status 
is another possible bias which could have led to a spurious 
positive association with OPA, not only in cross-sectional 
and case–control studies but also in longitudinal studies 
in which health status at baseline had not been accurately 
adjusted for. On the other hand, as most studies assessed 
exposure to OPA only once in time, instead of cumulative 
exposure during working life, there is the possibility that the 
association with health outcomes has been underestimated, 

due to non-differential exposure misclassification. Health 
selection of workers into less exposed job or into retirement 
could have also contributed to underestimate the association 
with OPA (Flower et al. 2019).

With the present study, we wanted to contribute to the 
current debate on the health effects of OPA, evaluating the 
impact of exposure to high OPA, assessed through a Job-
Exposure Matrix (JEM) and not by self-reports as in previ-
ous studies, on the risk of both all-cause mortality and CVD 
incidence in three large cohorts, which are among the largest 
longitudinal datasets available in Italy. All three had avail-
able information on several potential confounders, including 
socio-demographic characteristics and health status, and in 
one also behavioural factors. An important feature of the 
use of JEM for exposure assessment is that it is independ-
ent from individuals’ self-reported health status, so that it 
prevents from differential misclassification of the exposure 
(Peters 2020). However, non-differential exposure misclas-
sification may be increased, especially for those jobs with 
higher inter-individual variability in tasks performance and 
duration, because the JEM assigns the same exposure value 
to all workers holding the same job title, without accounting 
for individual differences, which may lead to an underesti-
mation of the exposure‐outcome association. Given that we 
have conducted a previous study on overall mortality and 
coronary heart disease incidence on one of these cohorts 
(Strippoli et al. 2022), in which exposure to OPA was self-
reported at baseline, it is of particular interest the compari-
son of the results of that study with those of the present 
one, which may help clarifying if differences in methodol-
ogy of exposure assessment employed may influence the 
association estimated between OPA and mortality. It appears 
worth noting that the only two previous studies on mortal-
ity which used a JEM for assigning exposure to OPA, both 
Scandinavian, found a significantly increased risk associated 
with high OPA (Ervasti et al. 2019; Mikkola et al. 2019). 
Furthermore, the availability in one of the cohorts on longi-
tudinal information on jobs held across many years allowed 
estimating a cumulative dose of exposure to OPA of cohort 
members and examining its impact on the health outcomes 
considered.

Material and methods

Data collection

The study used data from three different cohorts, the first one 
including participants in the 2005 National Health Interview 
Survey (NHIS), and the other two consisting of subjects resi-
dent in Turin and participating in the censuses 2001 or 2011, 
respectively.



83International Archives of Occupational and Environmental Health (2024) 97:81–100 

1 3

The NHIS 2005 was conducted on a representative sam-
ple of the Italian population, including 50,474 families and 
128,040 individuals, with 83% participation. The survey 
provides detailed information on individual and house-
hold socioeconomic status, employment, occupation, life-
styles, and health conditions. Follow-up of the sample for 
mortality and CVD incidence was conducted by means of 
record-linkage with the National Registry of Mortality of the 
National Institute of Statistics (Istat) and with the National 
Hospital Discharge Database of the Italian Health’s Minis-
try, respectively. The follow-up of this sample, together with 
that of the NHIS 2000, also going until 2014, is known as 
the Italian Longitudinal Study (ILS) (Sebastiani et al. 2019). 
NHIS 2000 data were not included in the study, because the 
job classification used in that survey was a previous one 
(CP1991), for which a crosswalk to translate job codes into 
those used in the job classification on which the JEM has 
been constructed (CP2011) is not available.

The second and third datasets are part of the Turin Lon-
gitudinal Study (TLS), which is a system of archives con-
taining socio-demographic (data from censuses and civil 
registries) and health information (hospitalizations, drug 
prescriptions, mortality, etc.), record-linked at the individual 
level. 832,106 subjects participated in the 2001 census (TLS 
2001 cohort) and 849,686 subjects in the 2011 census (TLS 
2011 cohort).

In the national cohort (ILS 2005) and in TLS 2001 cohort, 
only subjects reporting to work as employees at baseline, 
and with information on job title, were selected. Regarding 
the TLS 2011 cohort, as only very crude information was 
collected on occupation at 2011 census (10 types of occupa-
tions in total), the job held was assigned through individual 
record-linkage to another administrative data source, the 
regional archive of Compulsory Communications (CC) of 
start/end job contracts. In this dataset are present all com-
munications sent by employers from 2009 to 2018 to the 
Regional Employment Office, to report any change occurred 
in a work contract (hiring, firing, retirement), together 
with the code of the job held and its date of start and end. 
Therefore, these data allow the reconstruction of employ-
ees’ careers along many years for all subjects who started 
working, changed job or retired during 2009–2018, with ret-
rospective information going back in many cases until the 
‘80 s. Only workers who started a new job after 1995 were 
included in the study, as the JEM used to assign exposure 
to OPA was based on data collected in 2013, so it was not 
considered to represent reliably exposure in jobs held before 
mid- ‘90 s, when work intensity was generally lower than in 
later periods in most industries and workplaces, especially 
in terms of work pace and effort (Green et al. 2001).

In all cohorts, workers had to be between 25 years 
and the minimum age for pension seniority in the year of 

enrolment (56 years in 2001, 57 years in 2004, 60 years in 
2011): the exclusion of older workers was meant to reduce 
the possible health selection into retirement of subjects 
with high exposure to ergonomic factors, which could 
have caused an underestimation of the true association 
between OPA and the outcomes.

In the ILS 2005 and the TLS 2001 cohorts, information 
on the job held at baseline was coded according to the 
4-digit Istat 2001 classification of occupations (CP 2001), 
which includes 519 jobs, while no information was present 
on previous work history. Job codes of employed subjects 
in the ILS 2005 cohort were assigned automatically by 
Istat based on self-reported job title, and revised by one 
of the authors (R.C.). For TLS 2001, job codes were also 
assigned automatically by Istat and underwent, a decade 
ago, a thorough process of revision, funded by Istat, in 
which one of the authors was also involved (A.D). In con-
trast, for the TLS 2011 cohort job codes used had been 
assigned directly by the Regional Employment Office, with 
no possibility for us to review them, and were based on the 
5-digit Istat 2011 classification of occupations (CP 2011), 
consisting of 796 occupations.

Based on these inclusion criteria, 31,520 subjects were 
enrolled in the 2005 ILS cohort, 157,868 in the TLS 2001 
cohort, and 156,674 in the TLS 2011 cohort. A flowchart 
showing the steps of the selection of the study population 
of the three cohorts is presented in Fig. 1.

Subjects in the three cohorts were followed-up for over-
all mortality and for incidence of CVD, based on hospitali-
zations and death records. Incidence of CVD was assessed 
through a first hospital admission (identified by ICD-IX 
codes 390-459) or mortality for CVD (identified by ICD-X 
codes I00-I99) during follow-up. In the analyses on CVD, 
prevalent cases occurred before baseline were excluded. 
In TLS 2001 and TLS 2011, CVD prevalent cases were 
excluded based on previous hospital admissions for this 
disease group from 1995 to start of follow-up (5562 sub-
jects in TLS 2001; 8417 subjects in TLS 2011). In ILS 
2005, subjects were identified as CVD prevalent cases and 
excluded if they reported at baseline to have been diag-
nosed by a physician with myocardial infarction, angina 
pectoris, other cardiac diseases, or stroke (n = 790).

For the ILS cohort, follow-up started on the date of 
the baseline interview and ended at the end of 2014, or 
earlier in case of death or first hospitalization for CVD 
(for analyses on CVD); for the TLS 2001 and the TLS 
2011 cohorts, it started at the beginning of 2002 and 2012, 
respectively, and ended at the end of 2018, or at the date of 
death, emigration out of town, or first hospitalization for 
CVD, if earlier. The TLS 2001 and 2011 cohorts partially 
overlapped, with 31,448 subjects present in both cohorts.
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Exposure assessment

Exposure to OPA was assigned to workers in the study 
through a job-exposure matrix (JEM) constructed from the 
Italian O*NET database, that contains information on hun-
dreds of physical and mental descriptors, in terms of skills, 
knowledge, activities, work context, etc., aggregated at the 
job level (http:// www. onetc enter. org). The Italian O*NET 
database is constructed from workers’ self-reports, based on 
interviews of approximately 20 workers of any gender for 
each of the 796 jobs of the Italian classification (CP2011, 
5-digit level). For each job, the O*NET database contains 
scores for each descriptor, rated by importance, frequency, 
or intensity of a certain workplace characteristic. Answers 
to these questions are collected on 5-point or 7-point level, 
depending on the item, and averaged for each of the 796 
occupations, with the mean representing the exposure score 
of a certain job.

From the 100 variables available in O*NET, a JEM was 
constructed for 21 physical factors, which were further 
reduced through Principal Component Analysis to 17 fac-
tors potentially involving high physical workload. For all 
17 factors, good concordance against the same items of a 
corresponding O*NET JEM created in the United States 
has been shown (d’Errico et al. 2022a). Of the 17 items, 3 
focused on force exertion (static strength; dynamic strength; 
trunk strength), 6 on activity level and repetitive movements 
of the upper limb (manual dexterity; fingers dexterity; wrist-
finger speed; handling and moving objects; time spent mak-
ing repetitive motions; time spent using hands to handle, 
control, or feel objects, tools or controls), 4 on postures 
(awkward positions; standing; kneeling, crouching, stoop-
ing, or crawling; bending and twisting the body), 2 items on 

activities involving the whole body (performing generalized 
physical activity; walking and running), 2 items on expo-
sure to vibration (whole-body vibration, driving vehicles or 
other types of moving machinery). Scores of each item were 
standardized on a 0–100 scale and averaged, to compute a 
composite ergonomic exposure index (Ergo-index) (Cron-
bach alpha = 0.90), which is the measure of exposure to OPA 
used in this study. Further details on the construction of the 
JEM and the Ergo-index can be found elsewhere (Fontana 
et al. 2022; d’Errico et al. 2023).

As job codes in the JEM and in the regional archive of 
Compulsory Communications (CC) corresponded, being 
both based on the 2011 classification of occupations (CP 
2011), it was possible to assign directly the Ergo-index 
computed for each 5-digit occupation to subjects in the TLS 
2011 cohort. In contrast, job codes in the ILS 2005 and TLS 
2001 cohorts were based on a previous job classification 
(CP 2001), which had to be translated by one of the authors 
(D.F.) into the CP 2011 one, to be able to assign the Ergo-
index to subjects in these cohorts.

For ILS 2005 and TLS 2001, the Ergo-index scores were 
assigned to the job performed at baseline, as this was the 
only job known, while for the TLS 2011 cohort the Ergo-
index was computed cumulatively from 1995 and over the 
years of follow-up, summing exposure scores across days of 
employment for each job held.

Data analysis

The association of OPA with mortality and CVD incidence 
was examined both treating the Ergo-index as a continuous 
measure and dividing it in quartiles (the baseline Ergo-index, 

Fig. 1  Flowchart of the enrol-
ment of the study population in 
each cohort

1 All subjects with a job code in the TLS 2011 cohort were employees
2 SPA: Statutory Pension Age

Employees with 
a job code1

Ini�al popula�on

Employees with a 
job code

Age 25-SPA2 31,520 subjects
24.4%

157,868 subjects
19.0%

ILS 2005
128,040 subjects

Ini�al popula�on TLS 2001
832,106 subjects

TLS 2011
849,686 subjects

Employees 60,695 subjects
47.4%

271,880 subjects
32.0%

333,280 subjects
40.0%

184,435 subjects
21.7%

50,289 subjects
39.3%

239,727 subjects
28.8%

246,931 subjects
29.1%

Employees 
with a new job 
a�er 1995

Employees with 
a job episode
before baseline

Age 25-SPA 156,670 subjects
18.4%

http://www.onetcenter.org
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for the ILS 2005 and the TLS 2001 cohorts, and the cumula-
tive Ergo-index, for TLS 2011).

Incidence Rate Ratios (IRR) of mortality and CVD inci-
dence associated with exposure quartile were estimated 
through Poisson regression models stratified by gender. All 
the analyses were adjusted for age, health, and household 
typology (single, coupled with children, coupled without 
children, single parent). In the ILS 2005 study, there was 
also information on geographical area, economic situa-
tion, lifestyles and biological risk factors for CVD, which 
allowed to perform analyses adjusted also for area of resi-
dence (North–West, North–East, Center, South), house-
hold economic resources (two categories: excellent or 
adequate, scarce or absolutely insufficient), smoking (0, 
0.1–10, 10.1–20, 20.1–30, > 30 pack-years), BMI (normal 
or underweight, overweight, obese), leisure time physical 
activity (LTPA) (no activity, light, regular, intense activ-
ity), hypertension (yes/no), and diabetes (yes/no) at base-
line. In TLS 2001 and 2011, information on behavioural 
and biological risk factors for CVD was lacking, but it was 
possible to further control the analyses for an area depriva-
tion index at the census tract level (Rosano et al. 2021). 
The health indicator used as a covariate in the analyses on 
ILS 2005 was the Physical Component Summary, obtained 
from the SF-12 questionnaire (Ware et al. 1996; Apolone 
et al. 2001), whereas that used for the analyses on TLS 2001 
and TLS 2011 was the Charlson index (Quan et al. 2005), 
constructed at baseline from cause-specific hospitalizations 
of the cohorts during the years 1997–2001 and 2007–2011, 
respectively.

In the analysis of the TLS 2011 cohort, cumulative expo-
sure was treated as a time-varying variable, for which it was 
estimated the risk of developing the outcome in a certain 
year of follow-up according to the cumulative exposure 
occurred until the end of the previous year. In this cohort 
there was also information about part-time work, which was 
used to weight cumulative exposure, as well as on having 
multiple jobs simultaneously, for which exposure was aver-
aged across the different jobs. Periods of unemployment 
were assigned zero exposure.

Because, especially in ILS 2005 and TLS 2001 data, there 
was a strong correlation between educational level and expo-
sure to the Ergo-index (ILS 2005: men Spearman rho = 0.55, 
women rho = 0.51; TLS 2001: men rho = 0.58, women 
rho = 0.43), there was concern that including both of them 
in a single regression model could have produced risk esti-
mates affected by multicollinearity, with the possible con-
sequence of an artificial underestimation of the coefficients 
and of an overestimation of their standard errors (Vatcheva 
et al. 2016). Therefore, in a first analysis (Model 1) educa-
tion was not included among covariates, but an adjustment 
for this variable was performed only in a subsequent analysis 
(Model 2). Only for ILS 2005, a further analysis included 

among covariates also the lifestyles and the biological risk 
factors for CVD described above (Model 3). Trends in risks 
across Ergo-index quartiles were estimated treating quartiles 
as continuous variables.

All models were adjusted for health status at baseline, 
assuming a confounder’s role of health rather than a media-
tor one on the association between OPA and mortality or 
CVD, to keep a conservative approach on the possible 
impact of OPA on the health outcomes. However, a prelimi-
nary analysis of the correlation between exposure to OPA 
and health scores (PCS or Charlson Index) showed that it 
was quite low (Sperman rho < 0.10 in all cohorts in both 
genders), so it was expected that the adjustment for health 
had little influence on the associations investigated.

A Directed Acyclic Graph (DAG) on the hypothesized 
relationships among the variables included in the analyses 
on OPA and CVD in ILS 2005 (as this is the cohort for 
which more covariates were available), is presented in Sup-
plementary Fig. 1.

In the light of the reported effect modification by LTPA of 
the association between OPA and mortality or CVD risk in 
the literature, in the ILS 2005 cohort we also tested the inter-
action between OPA and LTPA dichotomized (no physical 
activity; light, regular or intense physical activity) in fully 
adjusted models and performed analyses stratified by LTPA.

Given that the two TLS cohorts were partially overlap-
ping, a sensitivity analysis was also performed on the TLS 
2001 cohort after excluding subjects present also in the TLS 
2011 cohort.

For all analyses, associations with p values below 0.05 
(two-tails) were considered statistically significant.

Results

Characteristics of the three study populations are presented 
in Table 1. In all cohorts mean age at baseline was the same 
for men and women (41 years in ILS 2005, 39 years in 
TLS 2001, and 40 years in TLS 2011). In all cohorts, men 
were less educated than women, with low-educated women 
(elementary or low secondary) around 45% in the different 
cohorts, and men ranging from 50 to 58%. The most dif-
fused household typology was “couple with children”, which 
included 70% men and 65% women in ILS 2005, although 
lower proportions among Turin residents, especially in TLS 
2011 (49% in men and 43% in women).

In ILS 2005, almost 43% men and 50% women were 
resident in the North of the country, followed by the South 
(40% men and 31% women) and the Center. More than half 
men were overweight or obese, whereas among women this 
proportion reached only one quarter. Forty per cent men and 
almost 60% women were never smokers, while about 20% 
men and 7% women had smoked more than 20 pack-years. In 
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Table 1  Frequency distribution of the characteristics of the three cohorts, cumulative mortality, and person-days of follow-up, by gender

1 Range: from -5.76 to 16.38
2 Range: from -5.04 to 27.89

Variables ILS 2005 TLS 2001 TLS 2011

Men Women Men Women Men Women

Age at baseline (mean—sd) 41.1 (9.2) 41.0 (9.0) 39.3 (8.7) 39.2 (8.5) 39.8 (9.6) 39.8 (9.4)
Charlson index (% subjects > 0) 3.3 2.6 3.0 2.5
Deprivation index. (mean—sd) 0.111 (2.0) -0.081 (1.9) 1.642 (2.1) 1.482 (2.0)
Cumulative mortality (%) 2.2 1.1 4.1 2.3 1.6 0.8
N. subjects 15,757 15,763 79,103 78,765 75,618 81,052
Person-days of follow-up (mean—sd) 3498.4 (283.3) 3516.8 (210.3) 5185.5 (1842.9) 5375.9 (1728.3) 2289.2 (606.3) 2327.9 (571.3)
Physical Component Summary (mean—

sd)
53.1 (6.5) 52.2 (7.3)

Educational level (%)
University 11.5 14.8 17.8 21.9 20.0 23.5
High school 30.6 34.6 32.7 35.3 30.0 32.6
Low secondary/elementary 57.8 50.6 49.5 42.8 50.0 43.9
Household typology (%)
Single 12.6 9.8 17.9 16.0 26.4 24.1
Couple without children 11.0 12.8 16.9 18.0 16.1 16.5
Couple with children 69.5 65.3 58.2 52.6 49.2 42.8
Single parent 6.8 12.1 7.0 13.4 8.3 16.6
Body Mass Index (%)
Normal or underweight 48.0 73.0
Overweight 41.9 20.1
Obese 10.1 6.9
Pack-years smoking (%)
0 40.0 58.8
0.1–10 17.0 16.5
10.1–20 16.5 9.6
20.1–30 9.8 4.7
 > 30 9.8 2.6
Missing 6.8 7.8
Leisure time physical activity (%)
None 46.4 48.2
Light 18.6 26.0
Regular 20.2 19.5
Intense 14.7 6.3
Diabetes (%) 2.3 1.6
Hypertension (%) 9.6 8.9
Household economic resources (%)
Excellent or adequate 70.1 72.6
Scarce or absolutely insufficient 29.9 27.4
Geographical area of residence (%)
North–West 22.2 24.5
North–East 21.0 24.9
Center 17.1 19.1
South 39.7 31.5
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both genders almost half subjects did not perform any LTPA, 
and only 15% men and 6% women practiced intense LTPA. 
In both men and women, around one quarter reported that 
their household had scarce or absolutely insufficient eco-
nomic resources. The prevalence of diabetes was 2% and 
that of hypertension less than 10% in both men and women.

Frequency distribution of subjects’ characteristics 
changed very little after excluding CVD prevalent cases, 
except for a slight decrease of the proportion of men and 
women with a Charlson index greater than zero, in TLS 2001 
and 2011, and of those reporting hypertension in ILS 2005 
(Supplementary Table 1).

Occupational physical activity and mortality

ILS 2005

In the national cohort (ILS 2005), the analysis adjusted for 
age, household typology, PCS, economic resources, and 
area of residence, showed a significant association between 
mortality and continuous exposure to OPA (p = 0.02), 
with significantly higher mortality among men in the third 
(IRR = 1.42) and in the highest quartile of exposure to OPA 
(IRR = 1.37), compared to the lowest (Table 2, Model 1), 
and a significant trend with increasing exposure (p = 0.02). 
Adjustment also for educational level produced a slightly 
attenuation of the associations (Table 2, Model 2), which 
however lost significance. Adding to the model also behav-
ioral (smoking, BMI, LTPA) and biological CVD risk fac-
tors (hypertension, diabetes) increased slightly the associa-
tions with mortality for the third and the fourth quartiles, 
which nonetheless remained non-significant (Model 3). In 
contrast, among women there was a weak inverse relation-
ship between OPA quartile and mortality, which however did 
not reach significance in any model (Table 3). The analysis 
stratified by LTPA did not show in men or women relevant 
differences in the association between OPA and mortality in 
subjects performing or not LTPA (all p values for interac-
tion > 0.05) (Supplementary Table 2).

TLS 2001

In the TLS 2001 cohort, in the analysis adjusted for socio-
demographics and health, but not for education (Table 2, 
Model I), in both genders mortality was significantly associ-
ated with continuous exposure to OPA, with risks increased 
by about 30–40% among men in all exposure quartiles, com-
pared to the lowest, and with a significant trend in risk across 
increasing exposure quartiles (p value for trend < 0.001). In 
contrast, among women only the risk in the highest exposure 
quartile was significantly increased (IRR = 1.28), although 
also with a significant trend in risk with increasing exposure 
(p < 0.01) (Table 3, Model 1). Adjusting also for education, 

among women the association with the highest exposure 
quartile persisted (IRR = 1.20) (Table 3, Model 2), while 
among men all the associations more than halved, but 
remained significantly elevated in the second and the fourth 
quartiles (IRR = 1.13 and IRR = 1.11, respectively) (Table 2, 
Model 2).

TSL 2011

Regarding the TLS 2011 cohort, in both genders mortal-
ity was significantly associated with continuous exposure 
to OPA, with risks significantly increased in the highest 
cumulative exposure quartile (men: IRR = 1.32; women: 
IRR = 1.71), compared to the lowest, and also in the 2nd and 
the 3rd quartile among women (IRR = 1.30 and IRR = 1.52, 
respectively) (Table 2 and 3, Model 1), and with a sig-
nificant trend in risk in both men and women (p value for 
trend < 0.01 for both). In the analysis adjusted also for edu-
cation, these associations persisted, with only slight changes 
in IRRs in men or women (Table 2 and 3, Model 2).

Occupational physical activity and CVD incidence

ILS 2005

In ILS 2005, exposure to OPA treated as a continuous vari-
able was not associated with CVD among men in any model, 
whereas among women it showed in all models a signifi-
cant association. In the analysis not adjusted for education 
(Tables 4 and 5, Model 1), men and women with higher 
cumulative exposure were at higher risk of developing CVD, 
with significant associations among men in the second and 
the third quartile (IRR = 1.25 for both) and among women 
in the third and the fourth quartile (IRR = 1.33 and 1.29, 
respectively), and with a significant trend in risk in women 
(p < 0.01), but not in men (p = 0.17). Further adjustment for 
education produced only a slight decrease of these associa-
tions, which remained all statistically significant (Tables 4 
and 5, Model 2). Adding to the model also behavioural CVD 
risk factors, diabetes and hypertension, produced a slight 
decrease of the IRRs in the second exposure quartile among 
men and in the highest quartile among women, which lost 
significance (p = 0.08 and p = 0.11, respectively) (Tables 4 
and 5, Model 3). As for mortality, in both genders the asso-
ciation of OPA with CVD incidence did not differ between 
subjects performing or not LTPA (all p values for interac-
tion > 0.05) (Supplementary Table 2).

TLS 2001

In the TLS 2001 cohort, in the analysis not adjusted for edu-
cation (Model 1), in both genders there was a significant 
association between exposure to OPA kept continuous and 
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Table 2  Incidence rate ratio (IRR) (and 95% CI) of mortality by quartile of Occupational Physical Activity (OPA). Poisson regression models 
for men

Mortality for 
men

ILS 2005 TLS 2001 TLS 2011

Model11 Model22 Model33 Model14 Model25 Model14 Model25

β β β β β β β

Ergo-index 
(continuous)

0.009* 0.007 0.009 0.010** 0.003 1.02e − 06** 9.48e − 07**

IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI)
Ergo-index (ref: 

1° quartile)
1 1 1 1 1 1 1

2° quartile 1.13 (0.78–
1.63)

1.10 (0.74–
1.64)

1.08 (0.71–
1.64)

1.33** 
(1.19–1.48)

1.13* (1.01–
1.27)

0.97 (0.78–1.19) 0.97 (0.79–1.20)

3° quartile 1.42* (1.02–
1.81)

1.37 (0.95–
1.99)

1.42 (0.97–
2.09)

1.30** 
(1.17–1.44)

1.04 (0.93–
1.17)

1.13 (0.93–1.36) 1.12 (0.93–1.35)

4° quartile 1.37* (1.03–
1.82)

1.31 (0.93–
1.87)

1.36 (0.94–
1.97)

1.43** 
(1.30–1.56)

1.11* (1.00–
1.23)

1.32** 
(1.11–1.57)

1.27** (1.06–
1.51)

Age (continu-
ous)

1.10** 1.10** 1.08** 1.10** 1.10** 1.09** 1.08**

Household 
typology (ref: 
single)

1 1 1 1 1 1 1

Couple without 
children

0.75 0.75 0.75 0.78** 0.77** 0.76** 0.75**

Couple with 
children

0.77 0.77 0.77 0.70** 0.68** 0.67** 0.66**

Single parent 1.57* 1.57* 1.60* 1.00 0.98 1.04 1.03
Charlson index 

(continuous)
1.45** 1.46** 1.56** 1.56**

Area depriva-
tion index 
(continuous)

1.05** 1.04** 1.06** 1.04**

Physical 
Component 
Summary 
(continuous)

0.96** 0.97** 0.97**

Household 
economic 
resources (ref: 
excellent or 
adequate)

1 1 1

Scarce or 
absolutely 
insufficient

1.50** 1.50** 1.42**

Geographi-
cal area of 
residence (ref: 
North-West)

1 1 1

North-East 1.26 1.26 1.23
Center 1.14 1.14 1.06
South 1.07 1.08 1.00
Educational 

level (ref. 
university 
degree)

1 1 1 1

High school 
diploma

0.92 0.90 1.31** 1.25*
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CVD risk, which persisted among women, but not among 
men, adding education to the model. The risk of CVD was 
significantly increased in all higher exposure quartiles, 
compared to the lowest, with stronger associations found 
among women (second quartile: IRR = 1.41, third quartile: 
IRR = 1.36, fourth quartile IRR = 1.61) than men (second 
quartile: IRR = 1.13, third quartile: IRR = 1.19, fourth quar-
tile IRR = 1.18). Also, a significant trend in risk was esti-
mated for both men and women (p value for trend < 0.01 
for both). Further adjustment for educational level produced 
among men a complete disappearance of these associations 
(Model 2), whereas among women they decreased, com-
pared to the previous analysis, but remained significant in 
all higher quartiles, compared to the lowest (second quar-
tile: IRR = 1.30, third quartile: IRR = 1.16, fourth quartile 
IRR = 1.38).

TLS 2011

In the TLS 2011 cohort, among women exposure to continu-
ous cumulative OPA was significantly associated with CVD 
risk in both models (adjusted or not for education), whereas 
among men no association was found in either model. Con-
sidering cumulative OPA in quartiles, results from Model 
1 showed a significantly increased risk in both genders in 
the highest quartile of cumulative exposure to OPA (men: 
IRR = 1.13, women: IRR = 1.20), with a dose–response 
trend among both women (p < 0.01) and men (p < 0.05). 
Adjusting also for education (Model 2) produced in both 
genders a decrease of the associations, although lower than 
for TLS 2001, with the risk of CVD remaining significantly 
elevated only among women in the highest exposure quartile 
(IRR = 1.16).

Table 2  (continued)

Mortality for 
men

ILS 2005 TLS 2001 TLS 2011

Model11 Model22 Model33 Model14 Model25 Model14 Model25

β β β β β β β

Low secondary 
or elementary

1.01 0.96 1.73** 1.38**

Body Mass 
Index (ref: 
normal or 
underweight)

1

Overweight 0.89
Obese 1.15
Pack-years 

smoking (ref: 
0 pack-years)

1

0.1–10 1.20
10.1–20 1.72**
20.1–30 1.97**
 > 30 2.72**
Leisure time 

physical activ-
ity (ref: no 
activity)

1

Light 0.86
Regular 1.32
Intense 1.27
Diabetes 1.07
Hypertension 1.17

* p < 0.05, **p < 0.01
1 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence
2 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence, educa-
tional level
3 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence, educa-
tional level, BMI, pack-years smoking, leisure time physical activity, diabetes, hypertension
4 Adjusted for age, household typology, Charlson index, area deprivation index
5 Adjusted for age, household typology, Charlson index, area deprivation index, educational level



90 International Archives of Occupational and Environmental Health (2024) 97:81–100

1 3

Table 3  Incidence rate ratio (IRR 95% CI) of mortality by quartile of Occupational Physical Activity (OPA). Poisson regression models for 
women

Mortality for 
women

ILS 2005 TLS 2001 TLS 2011

Model11 Model22 Model33 Model14 Model25 Model14 Model25

β β β β β β β

Ergo-index 
(continuous)

-0.003 -0.006 -0.007 0.005* 0.003 6.33e-07** 6.43e-07**

IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI)
Ergo-index (ref: 

1° quartile)
1 1 1 1 1 1 1

2° quartile 0.67 (0.39–
1.16)

0.63 (0.36–
1.11)

0.56 (0.31–
1.01)

1.12 (0.98–
1.30)

1.09 (0.94–
1.26)

1.30* (1.02–
1.64)

1.29* (1.02–1.64)

3° quartile 0.84 (0.58–
1.23)

0.76 (0.50–
1.15)

0.76 (0.50–
1.17)

1.05 (0.92–
1.18)

0.98 (0.86–
1.12)

1.52** 
(1.20–1.91)

1.52** (1.20–
1.92)

4° quartile 0.87 (0.59–
1.29)

0.78 (0.50–
1.22)

0.74 (0.47–
1.17)

1.28** 
(1.11–1.48)

1.20* (1.03–
1.40)

1.71** 
(1.34–2.20)

1.73** (1.35–
2.22)

Age (continu-
ous)

1.10** 1.09** 1.09** 1.09** 1.09** 1.08** 1.08**

Household 
typology (ref: 
single)

1 1 1 1 1 1 1

Couple without 
children

0.60 0.59 0.67 0.86 0.85* 0.91 0.91

Couple with 
children

0.64* 0.63* 0.70 0.67** 0.66** 0.92 0.92

Single parent 0.70 0.69 0.74 1.07 1.05 1.23 1.23
Charlson index 

(continuous)
1.77** 1.78** 1.68** 1.69**

Area depriva-
tion index 
(continuous)

1.05** 1.04** 1.04* 1.05*

Physical 
Component 
Summary 
(continuous)

0.95** 0.95** 0.95**

Household 
economic 
resources (ref: 
excellent or 
adequate)

1 1 1

Scarce or 
absolutely 
insufficient

1.17 1.15 1.12

Geographi-
cal area of 
residence (ref: 
North–West)

1 1 1

North–East 0.90 0.89 0.80
Center 0.97 0.99 0.82
South 0.98 1.00 0.91
Educational 

level (ref. 
university 
degree)

1 1 1 1

High school 
diploma

1.10 0.99 1.18* 0.99
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In no higher OPA quartile the risk of mortality or CVD 
was significantly reduced among men or women, compared 
to the lowest quartile, in any of the cohorts.

Sensitivity analysis Very similar results to those of the main 
analysis were found on mortality and CVD in TLS 2001 
after exclusion of subjects present also in the TLS 2011 
cohort (Supplementary Table 3).

Discussion

Main findings

In the present study, an increased risk of mortality associated 
with exposure to high OPA, assessed by means of a JEM, 

was found among men in all cohorts examined and among 
women in two of them, controlling for sociodemographic 
and health characteristics. These associations decreased, but 
remained significant or marginally significant further adjust-
ing for education and other covariates. For CVD, the highest 
exposure quartile was at significantly higher risk in both men 
and women, adjusting for socio-demographics and health, 
while with further adjustment for education these associa-
tions lost significance among men, but not among women. In 
contrast, no association was found for LTPA with mortality 
or CVD incidence in men or women.

Interpretation of the results

Our results indicate that high OPA does not have a ben-
eficial effect on CVD or mortality, in contrast to the 

Table 3  (continued)

Mortality for 
women

ILS 2005 TLS 2001 TLS 2011

Model11 Model22 Model33 Model14 Model25 Model14 Model25

β β β β β β β

Low secondary 
or elementary

1.29 1.15 1.26** 0.89

Body Mass 
Index (ref: 
normal or 
underweight)

1

Overweight 0.88
Obese 1.14
Pack-years 

smoking (ref: 
0 pack-years)

1

0.1–10 1.06
10.1–20 1.11
20.1–30 1.38
 > 30 3.02**
Leisure time 

physical activ-
ity (ref: no 
activity)

1

Light 0.44
Regular 0.75
Intense 0.71
Diabetes 1.60
Hypertension 0.92

* p < 0.05, **p < 0.01
1 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence
2 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence, Educa-
tional level
3 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence, educa-
tional level, BMI, pack-years smoking, leisure time physical activity, diabetes, hypertension
4 Adjusted for age, household typology, Charlson index, area deprivation index
5 Adjusted for age, household typology, Charlson index, area deprivation index, educational level
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Table 4  Incidence rate ratio (IRR 95% CI) of cardiovascular diseases (CVD) by quartile of Occupational Physical Activity (OPA). Poisson 
regression models for Men

CVD for men ILS 2005 TLS 2001 TLS 2011

Model11 Model22 Model33 Model14 Model25 Model14 Model25

Beta Beta Beta Beta Beta Beta Beta
Ergo-index 

(continuous)
0.002 0.0005 0.0007 0.004** -0.001 3.06e-07 2.65e-08

IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI)
Ergo-index (ref: 

1° quartile)
1 1 1 1 1 1 1

2° quartile 1.25** 
(1.06–1.48)

1.22* (1.02–
1.45)

1.18 (0.98–
1.41)

1.13** 
(1.05–1.20)

1.02 (0.95–
1.09)

1.10 (0.97–
1.24)

1.10 (0.98–1.25)

3° quartile 1.25** 
(1.07–1.46)

1.19* (1.00–
1.42)

1.22* (1.02–
1.46)

1.19** 
(1.12–1.26)

1.02 (0.95–
1.09)

1.06 (0.94–
1.19)

1.05 (0.93–1.18)

4° quartile 1.11 (0.97–1.28) 1.06 (0.90–
1.25)

1.06 (0.89–
1.26)

1.18** 
(1.12–1.25)

1.00 (0.93–
1.06)

1.13* (1.01–
1.26)

1.08 (0.97–1.20)

Age (continu-
ous)

1.06** 1.06** 1.04** 1.05** 1.05** 1.07** 1.07**

Household 
typology (ref: 
single)

1 1 1 1 1 1 1

Couple without 
children

1.03 1.03 0.98 1.06 1.05 0.96 0.95

Couple with 
children

0.87 0.86 0.85 1.04 1.02 0.91* 0.90*

Single parent 1.00 0.99 0.98 1.02 1.00 1.03 1.01
Charlson index 

(continuous)
1.19** 1.19** 1.24** 1.23**

Area depriva-
tion index 
(continuous)

1.02** 1.01* 1.01 1.00

Physical 
Component 
Summary 
(continuous)

0.99** 0.99** 0.99

Household 
economic 
resources (ref: 
excellent or 
adequate)

1 1 1

Scarce or 
absolutely 
insufficient

0.97 0.97 0.95

Geographi-
cal area of 
residence (ref: 
North-West)

1 1 1

North-East 0.84* 0.84* 0.85
Center 0.94 0.94 0.94
South 1.16* 1.16 1.13
Educational 

level (ref. 
university 
degree)

1 1 1 1

High school 
diploma

1.23* 1.18 1.16** 1.17**
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protective effects demonstrated for LTPA. Instead, the 
rather good consistency of our findings on mortality across 
cohorts and genders, gives support to the hypothesis that 
OPA has a detrimental effect on health, also considering 
that the analysis on mortality in the ILS 2005 cohort had 
relatively low statistical power, being estimated on a lim-
ited number of death, especially among women (N = 179 in 
total), and therefore provided risk estimates characterized 
by a wide uncertainty. In spite CVD incidence was not 
associated with OPA in any cohort in men, except for the 
third quartile in ILS 2005, the consistency of our results 
among women, also showing positive dose–response 
trends with higher OPA in all cohorts, seems to indicate 
the possibility of a negative effect of OPA on health, too. 
Furthermore, the stronger attenuation of the risk of CVD 
observed among men in both ILS 2005 and TLS 2001 
after controlling for education should be interpreted with 

caution, as the strong correlations present between the 
Ergo-index and education could have caused, because of 
model multicollinearity, an artificial attenuation of the risk 
estimates, as well as an increase in their standard errors 
(Vatcheva et al. 2016).

A possible explanation for the lack of a beneficial effect 
from LTPA in the present study, in contrast with findings in 
the literature (Cheng et al. 2018), is that only activities per-
formed at least once a week were considered, so that subjects 
performing LTPA less regularly were classified as inactive. 
This resulted in a high proportion of people not performing 
any physical activity (almost half of the study population), 
part of which have been likely misclassified, leading to an 
attenuation of the associations between LTPA and the out-
comes. However, even higher proportion of physically inac-
tive subjects have been reported for Italy in two EU Special 
Eurobarometers surveys, although they included also older 

Table 4  (continued)

CVD for men ILS 2005 TLS 2001 TLS 2011

Model11 Model22 Model33 Model14 Model25 Model14 Model25

Low secondary 
or elementary

1.21 1.14 1.43** 1.29**

Body Mass 
Index (ref: 
normal or 
underweight)

1

Overweight 1.07
Obese 1.28**
Pack-years 

smoking (ref: 
0 pack-years)

1

0.1—10 1.01
10.1—20 1.05
20.1—30 1.24*
 > 30 1.58**
Leisure time 

physical activ-
ity (ref: no 
activity)

1

Light 0.95
Regular 0.99
Intense 0.93
Diabetes 1.58**
Hypertension 1.36**

* p < 0.05, **p < 0.01
1 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence
2 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence, Educa-
tional level
3 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence, educa-
tional level, BMI, pack-years smoking, leisure time physical activity, diabetes, hypertension
4 Adjusted for age, household typology, Charlson index, area deprivation index
5 Adjusted for age, household typology, Charlson index, area deprivation index, educational level
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Table 5  Incidence rate ratio (IRR 95% CI) of cardiovascular diseases (CVD) by quartile of Occupational Physical Activity (OPA). Poisson 
regression models for Women

CVD for women ILS 2005 TLS 2001 TLS 2011

Model11 Model22 Model33 Model14 Model25 Model14 Model25

β β β β β β β

Ergo-index 
(continuous)

0.010** 0.008* 0.007* 0.016** 0.010** 4.68e-07** 4.21e-07*

IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI)
Ergo-index (ref: 

1° quartile)
1 1 1 1 1 1 1

2° quartile 1.00 (0.79–
1.28)

0.98 (0.77–
1.26)

0.98 (0.76–
1.26)

1.41** 
(1.30–1.52)

1.30** 
(1.20–1.41)

1.04 (0.92–
1.17)

1.04 (0.92–1.17)

3° quartile 1.33** 
(1.13–1.57)

1.26* (1.04–
1.53)

1.29** 
(1.06–1.57)

1.36** 
(1.27–1.45)

1.16** 
(1.07–1.24)

1.07 (0.95–
1.20)

1.05 (0.93–1.19)

4° quartile 1.29** 
(1.08–1.55)

1.23* (1.00–
1.52)

1.19 (0.96–
1.47)

1.61** 
(1.49–1.74)

1.38** 
(1.27–1.49)

1.20** 
(1.05–1.37)

1.16* (1.02–
1.33)

Age (continu-
ous)

1.04** 1.04** 1.03** 1.03** 1.03** 1.05** 1.04**

Household 
typology (ref: 
single)

1 1 1 1 1 1 1

Couple without 
children

0.89 0.88 0.89 1.08 1.05 1.00 0.97

Couple with 
children

1.33* 1.31* 1.35* 1.16** 1.12** 1.13* 1.09

Single parent 1.30 1.29 1.31 1.15** 1.10* 1.16* 1.13
Charlson index 

(continuous)
1.19** 1.19** 1.19** 1.19**

Area depriva-
tion index 
(continuous)

1.04** 1.03** 1.05** 1.03**

Physical 
Component 
Summary 
(continuous)

0.97** 0.98** 0.98**

Household 
economic 
resources (ref: 
excellent or 
adequate)

1 1 1

Scarce or 
absolutely 
insufficient

0.97 0.96 0.91

Geographi-
cal area of 
residence (ref: 
North–West)

1 1 1

North–East 1.00 1.01 1.03
Center 1.08 1.08 1.04
South 1.21 1.22* 1.18
Educational 

level (ref. 
university 
degree)

1 1 1 1

High school 
diploma

1.25 1.26 1.12** 1.28**
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subjects, whereas our study was restricted only to subjects 
of working age (Mayo et al. 2019).

The associations of exposure to OPA with mortality 
and CVD in the different cohorts were in the same direc-
tion and were quite comparable among men, also con-
sidering the large uncertainty characterizing many risk 
estimates. Among women, IRRs for CVD were also in 
the same direction and of similar strength in the three 
cohorts, although slightly higher in the TLS 2001 cohort. 
In contrast, IRRs for mortality among women were het-
erogeneous across cohorts, especially those for mortality 
between TLS 2011, where significant positive associations 
were found in all higher exposure quartiles, compared to 
the lowest, and ILS 2005, in which IRRs below 1 were 
estimated for all higher quartiles, although none of these 
associations was significant. It appears difficult to explain 

the discrepancy of the results on mortality among women 
with all others, although a possible explanation of such 
a heterogeneity is the different populations investigated, 
which in ILS 2005 was representative of the national pop-
ulation, while the TLS cohorts included the whole urban 
population of Turin, in both cases restricted to employees 
of working age. Turin is a town with more than 800,000 
inhabitants, where women’s employment rate is higher 
than in the whole country (64.5% vs. 56.4% at 2011 census 
in the age class 15–64 years). Therefore, at the national 
level employed women may be subjected to stronger health 
selection than those in the urban cohorts (the “healthy 
worker effect”), especially those exposed to high OPA, 
which would lead to an underestimation of the association 
between OPA and mortality or CVD incidence. Also, the 
lower statistical power of the analyses of ILS 2005 may 

Table 5  (continued)

CVD for women ILS 2005 TLS 2001 TLS 2011

Model11 Model22 Model33 Model14 Model25 Model14 Model25

β β β β β β β

Low secondary 
or elementary

1.24 1.19 1.50** 1.56**

Body Mass 
Index (ref: 
normal or 
underweight)

1

Overweight 1.23*
Obese 1.38**
Pack-years 

smoking (ref: 
0 pack-years)

1

0.1–10 1.14
10.1–20 1.25*
20.1–30 1.44**
 > 30 1.75**
Leisure time 

physical activ-
ity (ref: no 
activity)

1

Light 0.93
Regular 0.88
Intense 0.86
Diabetes 1.76**
Hypertension 1.49**

* p < 0.05, **p < 0.01
1 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence
2 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence, Educa-
tional level
3 Adjusted for age, household typology, household economic resources, Physical Component Summary, geographical area of residence, educa-
tional level, BMI, pack-years smoking, leisure time physical activity, diabetes, hypertension
4 Adjusted for age, household typology, Charlson index, area deprivation index
5 Adjusted for age, household typology, Charlson index, area deprivation index, educational level
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have contributed to a reduced number of significant find-
ings in this cohort, compared to the other two.

The results of the sensitivity analysis on the TLS 2001 
cohort, which excluded subjects present also in the TSL 
2011 cohort, showed very similar results to those of the 
main analysis, indicating that the relative consistency of the 
results between the two TLS cohort was not inflated by the 
presence of overlapping subjects.

Differences in the type of activity performed in OPA and 
LTPA, especially in terms of intensity, duration and recov-
ery pauses, have been suggested as a possible explanation 
of the contrasting effects of OPA and LTPA on health and 
mortality. In fact, OPA would rarely be of such high intensity 
to improve cardiorespiratory fitness, in contrast with LTPA 
where efforts corresponding to 60–80% of the maximal aero-
bic capacity are reached; furthermore, OPA is performed 
for many hours with short pauses, whereas LTPA is gener-
ally performed for short periods of time (Holtermann et al. 
2018). Such low-intensity physical activity, which involves 
more static muscle contraction than LTPA and is sustained 
for prolonged time with insufficient recovery, would cause 
an imbalance in the autonomic regulation, with a consequent 
predominance of the sympathetic over the parasympathetic 
system (Hallman et al. 2017), which has been proposed as 
an underlying mechanism of the effect of OPA on the risk 
of CVD and mortality (Thayer et al. 2010). The increased 
activity of the sympathetic system would lead to permanent 
increases in heart rate and blood pressure (Clays et al. 2012), 
which in turn would increase the risk of vessels inflamma-
tion (Lee et al. 2021; Feinberg et al. 2022) and of develop-
ment of atherosclerotic processes in the arteries (Ujka et al. 
2017; Krause et al. 2007; Korshoj et al. 2023).

Comparison with other studies

Regarding mortality, for men our results appear quite con-
sistent with those of the meta-analysis by Coenen et al. 
(2018), where an 18% increased risk was estimated, and 
with some more recent studies. Among them, Holtermann 
et al. (2021) also found increased mortality associated with 
high OPA, with relative risks comparable to ours, although 
results were not presented by gender; in this study risks 
almost halved adjusting for lifestyles, education, health and 
biological risk factors, but the association persisted for expo-
sure to high or very high OPA. A Finnish study estimated a 
14% increased risk of mortality among workers exposed to 
heavy manual labour, compared to those reporting mostly 
walking and lifting, in an analysis controlled for a similar 
set of covariates as above (Hermansen et al. 2019). Further-
more, an analysis of two Swiss cohorts found in one of them 
a significantly increased risk of mortality (25%), although 
no association was found in the other one (Wanner et al. 
2019). A significant increase in mortality was also found 

in a US study, but risks strongly decreased controlling for 
socioeconomic characteristics, lifestyles and health, remain-
ing slightly increased only in men with exposure longer 
than 10 years (Martinez-Gomez et al. 2022). In contrast, 
Dalene et al. (2021) found a significant increase in longev-
ity among men by almost two years for exposure to heavy 
physical work, in an analysis adjusted for several potential 
confounders, including education and LTPA. Our results for 
women in TLS 2001 and 2011 cohorts appear instead at odds 
with those of most studies, where no association was found 
(Coenen et al. 2018; Wanner et al. 2019; Dalene et al. 2021; 
Martinez-Gomez et al. 2022). Other two studies on mortal-
ity did not find any association in men or women (Luo et al. 
2022; Pearce et al. 2021), but their definition of OPA was 
based on performing manual work or/and walking/standing, 
which may not adequately capture the high physical work-
load dimension of OPA.

For CVDs, evidence of an association with OPA in men 
or women appear more controversial, also because fewer 
studies are available on this issue. The most recent meta-
analysis on OPA and CVD mortality did not find any asso-
ciation, but a non-significant 9% excess risk was estimated 
when considering only coronary heart disease mortality 
(Cillekens et al. 2023). However, the results of this meta-
analysis are only in part generalizable to CVD incidence, 
as mortality may be influenced by several other factors in 
those affected, like comorbidities, access to health care and 
lifestyles. Among studies which assessed the relation of 
OPA with CVD incidence, rather than CVD mortality, the 
study by Holtermann et al. (2021) found an increased risk 
for exposure to high and very high OPA, which persisted 
after adjustment for many potential confounders. Also, an 
increased risk of stroke by almost 50% was observed in a 
cohort of US women for exposure to high OPA in the long-
est held job, which decreased only slightly in fully adjusted 
models (Hall et al. 2019). Another US study, based on the 
National Health Interview Survey data, found a doubling 
in CVD risk, with a dose–response trend, associated with 
frequent occupational exertion in both genders, after adjust-
ing for lifestyles, socioeconomic characteristics and health 
(Quinn et al. 2021). However, no association of high OPA 
with coronary heart disease was found in another cohort of 
women in the US, even in models with minimal adjustment 
for socioeconomic and CVD risk factors (Wang et al. 2019), 
and with CVD in a Dutch cohort of both genders (Bonekamp 
et al. 2022).

Last, the results of the analyses do not support an effect 
modification by LTPA on the association of OPA with mor-
tality or CVD risk, in contrast with the findings of different 
studies, where the association was stronger for subjects with 
a low level of LTPA (Wang et al. 2019; Clays et al. 2013; 
Harari et al. 2015; Prince et al. 2021). The substantial mis-
classification of exposure to LTPA expected in the ILS 2005 
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cohort, discussed above, may have led to underestimate both 
the associations of LTPA with mortality and CVD, as well 
as effect modification by LTPA on the association between 
OPA and these health outcomes.

Strengths

Main strength of this study consists in the large cohorts 
enrolled, although the restriction of the study populations 
to subjects relatively young limited the statistical power of 
the analyses, preventing the possibility to examine with suf-
ficient statistical power the relationship between OPA and 
mortality in the ILS cohort, which was one-fifth in size of 
the two other cohorts. On the other hand, the restriction to 
workers below statutory pension age at baseline is itself a 
strength of the study, as it reduced the possibility of selec-
tion of healthier older workers into the cohorts, in particu-
lar those exposed to high OPA (i.e., the “healthy worker 
effect”), which could have caused an underestimation of the 
true association between OPA and the health outcomes. It 
seems possible that the results of several negative studies 
including relevant proportions of older subjects may have 
been affected by such a bias (Dalene et al. 2021; Wang et al. 
2019; Bonekamp et al. 2022; Huerta et al. 2016; Luo et al. 
2022; Pearce et al. 2021).

Another strength is that both exposure to OPA and occur-
rence of the health outcomes were assessed using the same 
methodology in all three different datasets, which allowed 
to compare meaningfully the results of the three cohorts 
and evaluate their consistency, in spite of differences in the 
available information on covariates and in territorial and 
temporal coverage between the cohorts.

Exposure to OPA was assigned through a JEM, which has 
among its strengths the possibility to attribute to a working 
population exposure to hazards at work in a standardized and 
reproducible way, based on job title, industry, and, in some 
cases, period of exposure. Furthermore, the use of JEM 
prevents the possibility of exposure over-reporting by less 
healthy subjects, which could have caused spurious posi-
tive associations between the exposure and the outcomes. 
A study comparing self-reported exposure to OPA with 
that obtained through objective worn-device measurements 
actually found that self-reported assessment overestimated 
workload by 51%, compared to objective measures, with 
a significantly higher overestimate for self-reports among 
workers with low cardiorespiratory fitness, confirming such 
a possibility (Korshoj et al. 2022). On the other hand, as 
JEM ignore inter-individual variability within jobs, all work-
ers holding the same job title are assigned the same exposure 
value; this may increase non-differential exposure misclas-
sification, depending on the JEM specificity, which would 
cause an attenuation of the true exposure-outcome asso-
ciations. However, the only two previous studies in which 

exposure to OPA was assigned through a JEM, also found 
significantly increased mortality associated with high OPA 
(Ervasti et al. 2019; Mikkola et al. 2019). Another problem 
with JEM, in particular for assessing exposures in occupa-
tions showing a strong social gradient like for physical work-
load, is that exposure scores may be strongly correlated with 
socioeconomic status, as found in the present study and also 
in Swedish (d’Errico et al. 2022b) and Finnish data (Mikkola 
et al.2019), because they are assigned as mean values to a 
job, without considering intra-job exposure variability. In 
these situations, a substantial attenuation of the associations 
between OPA and health outcomes and a distortion of their 
confidence intervals is expected, as discussed above.

Furthermore, the Ergo-index of the JEM, which was our 
measure of OPA, was constructed from many different ergo-
nomic exposures, so that it reflects different dimensions of 
physical workload, including also awkward postures and 
repetitiveness, besides high physical effort. These other 
dimensions may be also relevant in increasing the risk of 
mortality or CVD, as suggested by the fact that in a previ-
ous study on the ILS cohort, in which OPA was assessed 
through self-reports at baseline based on one question on 
intensity of physical activity at work, no association was 
found between high OPA and mortality or coronary heart 
disease incidence in neither gender (Strippoli et al. 2022). 
It is worth noting that in several other studies reporting no 
association, exposure assessment to OPA was also rather 
crude, as it was mainly based on one question on the type of 
job performed (e.g. sedentary, walking, heavy effort, etc.) 
at one or two points in time, which implies a substantial 
misclassification of true cumulative exposure to OPA dur-
ing working life (Huerta et al. 2016; Menotti et al. 2016; 
Wanner et al. 2014; Petersen et al. 2012; Luo et al. 2022; 
Pearce et al. 2021). The stronger associations of high OPA 
with mortality observed in both genders in the TLS 2011, in 
which exposure was assigned based on jobs held along many 
years, compared to TLS 2001, where it was based on only 
the job held at baseline, suggest how crucial is the accurate 
reconstruction of cumulative exposure to OPA to correctly 
assess its impact on health. Similarly, in the two studies on 
mortality where OPA was assessed through a JEM, higher 
risks were observed in the study by Ervasti et al. (2019), in 
which exposure was computed as the average exposure in 
the last 10 years, compared to the study by Mikkola et al. 
(2019), where it was limited to the job held at baseline.

Limitations

While the ILS 2005 cohort was a representative sample of 
the national population and the TLS 2001 cohort included 
the whole Turin population of employees of working age, the 
TLS 2011 cohort was not a representative sample of the resi-
dents working as employees at 2011 census. In fact, in this 
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cohort were selected only subjects with job contracts starting 
or ending from 2009 to 2018, therefore workers with shorter 
length of contracts were likely overrepresented. However, 
it should be noted that workers with long careers, but with 
at least one discontinuity or termination of the employment 
relationship, or retirement, have in any case been selected 
in the study, also considering that the labour market has 
become more and more flexible in the last years, especially 
for young people, but also for older workers at the end of 
their career. The frequency distribution of educational level 
was quite comparable across the three cohorts, indicating 
that the cohorts had a similar socioeconomic structure. A 
comparison with data from 2011 census reveals in the TLS 
2011 cohort slightly higher proportions of subjects with low 
education, fixed-term contracts, low-skilled and unskilled 
workers, as well as some differences in the economic sectors 
of employment, compared to workers not included in the 
study (data not shown).

Although our results for the TLS 2001 and TLS 2011 
cohorts may have been affected by confounding by behav-
ioural factors, the adjustment performed for both educational 
level and a census tract deprivation index, as well as for 
health status, is expected to have contributed to control for 
confounding by these covariates, due to the presence of a 
socioeconomic gradient in the prevalence of exposure to 
such factors in Italy (Petrelli et al. 2022), as in other Euro-
pean countries (Mäki et al. 2014). Furthermore, adjustment 
for smoking, BMI, and LTPA produced only a small attenu-
ation of the associations of OPA with mortality and CVD 
in the ILS 2005 cohort, suggesting that such factors are 
unlikely important confounders of the association between 
OPA and health.

Conclusion

In the present study, we found an increased risk of mortality 
associated with exposure to high OPA in all cohorts among 
men and in two of three among women, adjusting for poten-
tial confounders. Also for CVD, both men and women in the 
highest exposure quartile were at significantly higher risk, 
although adjusting for education these associations persisted 
only in women.

Our results indicate that OPA does not reduce the risk of 
mortality or CVD, differently from LTPA, but rather support 
the “physical activity paradox” hypothesis that high OPA 
may be harmful for health. Preventive workplace interven-
tions should reduce the intensity of physical effort, also 
limiting the duration of sustained physical work through an 
increase of recovery periods.
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