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Abstract 
Ischemic heart disease (IHD) causes mortality and morbidity. High levels of occupational physical activity (OPA) increases IHD 
risk, and occupational lifting (OL) is suggested as a detrimental OPA exposure. This study investigated the association between 
accumulated OL throughout working life, and risk for IHD, and potential sex and hypertension differences. Data from Copenhagen 
Ageing and Midlife Biobank linked to register-based information on incident IHD during 9 years follow-up in the Danish National 
Patient Registry were included. The outcome was the odds of IHD from baseline (2009–2011) to end of follow-up (2018), among 
participants without IHD at baseline. Accumulated OL was assessed by linking occupational codes to a Job Exposure Matrix, 
creating a measure in ton-years (lifting 1,000 kg/day/year). Multivariable logistic regression tested associations between level of 
accumulated OL and IHD, among the 6,606 included individuals (68% men). During follow-up, 7.3% men and 3.6% women were 
hospitalized with IHD. Among all participants, the odds for IHD were 47% (OR 1.47, 95% CI 1.05–2.06) higher among those with 
≥5 to <10 ton-years, 39% (OR 1.39, 95% CI 1.06–1.83) higher among those with ≥10 to <30 ton-years, and 62% (OR 1.62, 95% 
CI 1.18–2.22) higher among those with ≥30 ton-years, compared to no accumulated OL. However, these increased odds were in 
the same direction in the fully-adjusted model but statistically insignificant, ≥5 to <10 ton-years OR 1.28, 95% CI 0.88–1.88; ≥10 to 
<30 ton-years OR 1.20, 95% CI 0.85–1.69; and ≥30 ton-years OR 1.22, 95% CI 0.81–1.84. No statistically significant interactions, 
nor any associations, between OL and sex, or hypertension were seen.
Key words: cardiovascular disease; cardiovascular risk; heavy lifting; IHD; occupational physical activity; occupational exposure; 
occupational medicine; prevention of cardiovascular disease

© The Author(s) 2023. Published by Oxford University Press on behalf of the British Occupational Hygiene Society.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.
org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is 
properly cited.

Received: August 10, 2023. Accepted: December 14, 2023.

D
ow

nloaded from
 https://academ

ic.oup.com
/annw

eh/advance-article/doi/10.1093/annw
eh/w

xad077/7492931 by R
egion Zealand user on 02 January 2024

https://orcid.org/0000-0001-8422-9969
https://orcid.org/0000-0002-2491-8006
mailto:melars@regionsjaelland.dk
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


2 Korshøj et al.

What’s important about this paper?

High levels of occupational physical activity increases risk for ischemic heart disease. This study found the odds for ischemic 
heart disease were 47–62% higher among those with ≥5 ton-years of accumulated lifting, compared to no accumulated 
occupational lifting, though the increased odds were not statistically significant in the fully-adjusted model. This study 
suggests that occupational lifting may be a detrimental occupational physical activity.

Introduction
Cardiovascular disease (CVD) is the leading cause of 
death and disease burden both globally and in Europe 
(Vaduganathan et al. 2022). Ischemic heart disease 
(IHD) is the main CVD, accounting for 9.44 million 
deaths in 2021 (Vaduganathan et al. 2022). There is 
solid evidence that being physically active during leisure 
time (LTPA) promotes health and decreases the risk of 
many chronic diseases including CVDs (Warburton et 
al. 2006; Löllgen and Papadopoulou 2018). In contrast, 
a high level of occupational physical activity (OPA) has 
been shown to associate to a higher risk of CVD and 
all-cause mortality (Li et al. 2013; Coenen et al. 2018; 
Holtermann et al. 2021). One of the suggested differ-
ences behind this seemingly opposing effect on car-
diovascular health, from OPA and LTPA, is the higher 
amount of static versus dynamic physical activity, the 
duration of this exposure, and the possibility of re-
covering between strenuous tasks (Vanhees et al. 2012; 
Holtermann et al. 2018). Occupational lifting (OL) is a 
potentially detrimental form of static physical activity. 
Lifting may impose strain on the cardiovascular system 
through elevated blood pressure and heart rate both 
acutely and after work (MacDougall et al. 1985; Clays 
et al. 2012), both factors known to increase the risk of 
heart disease (Archangelidi et al. 2018; Hermansen et 
al. 2019). Even with low force demands, static physical 
activity, such as lifting, can be strenuous, if it is of long 
duration or high frequency.

The labor market is highly gender segregated as 
there are typical male and female occupations, espe-
cially in jobs with high OPA (Aittomäki et al. 2005). 
Also, within the same occupational title are differences 
across exposure to OPA seen to be gender segregated 
(Messing et al. 1998; Eng et al. 2011;Smith et al. 2018). 
Women in jobs with high OPA and OL typically work 
in the health care, social care, kitchen, or cleaning 
sectors, whereas men exposed to OL held a variety 
of jobs (Aittomäki et al. 2005; Møller et al. 2013). 
Besides these sex differences in exposure to OPA and 
OL, there may also exist sex differences in the physio-
logical effects from OPA and OL, based on differences 
in basal metabolism, physical capacity, muscle mass, 
strength, and sex hormones between men and women 
(Ilmarinen 1989; Søgaard and Sjøgaard 2015). These 

physiological differences in effects from OPA and OL 
might contribute to the explanation of the average 
7–10 years later first manifestation of heart diseases in 
women compared to men (Maas and Appelman 2010). 
Therefore, examining sex differences of the health ef-
fects of OPA and OL is warranted in occupational 
health research (Guettler 2023; Coenen et al. 2020).

Some previous studies have reported on associ-
ations between OL and risk for CVDs. Petersen and 
colleagues (Petersen et al. 2012) found contrasting as-
sociations between heavy OL and risk of IHD among 
men and women, where men showed higher risks, but 
not women. On the other hand, similar associations 
have been suggested between both repetitive and heavy 
OL, and increased risk of myocardial infarction (MI) 
among both men and women (Fransson et al. 2004). 
In contrast, a study from Norway does show a signifi-
cantly lower risk of cardiovascular mortality among 
both men and women exposed to a combination of 
walking and OL, compared to those mainly sedentary 
at work (Hermansen et al. 2019). In a Danish study 
among men, based on expert valuation of exposure to 
OL in different occupations, no association between 
working in occupations involving lifting and risk of 
IHD was identified (Hannerz and Holtermann 2016). 
Thus, the results are contrasting and further investiga-
tions are needed to clarify whether OL is a risk factor 
for CVD and whether the associations differ across sex.

Although technical solutions have been made to 
handle the most strenuous tasks, more than 35% of 
European workers in 2021 stated to be carrying or 
handling heavy loads at work (European working 
conditions survey 2021), 41% of men and 29% of 
women. Additionally, 15% of women, and only 4% 
of men working in Europe stated exposure to moving 
and lifting of people at work (European working con-
ditions survey 2021).

Moreover, previous studies have indicated increased 
vulnerability to high OPA exposure among workers 
with existing CVDs (Allesøe et al. 2016; Korshøj et al. 
2023; Krause 2010). And, along the same lines, OL, 
where the blood pressure is elevated, are proposed as 
being especially detrimental to workers with hyperten-
sion (Korshøj et al. 2020; Williamson et al. 2016).

Thus, the present study has the following 3 aims: (i) 
to investigate the association between accumulated OL 

D
ow

nloaded from
 https://academ

ic.oup.com
/annw

eh/advance-article/doi/10.1093/annw
eh/w

xad077/7492931 by R
egion Zealand user on 02 January 2024



Annals of Work Exposures and Health, 2023, Vol. XX, No. XX 3

throughout working life, and risk for IHD measured as 
9-year incidence after participation in the Copenhagen 
Aging and Midlife Biobank (CAMB) (Lund et al. 2016) 
examination, in late working life; (ii) to investigate po-
tential sex differences in this association; and (iii) to in-
vestigate whether workers medicated for hypertension 
from 1995 to baseline are at higher risk for developing 
IHD than normotensive workers when exposed to OL. 
We hypothesize that heavy OL accumulated through 
many years is associated with an increased risk of IHD, 
both among men and women, and that workers with 
hypertension are at increased risk of developing IHD 
from OL.

Methods
Study design, study population, exclusion 
criteria, and baseline
This prospective cohort study is based on data from 
CAMB with individual linkage to register-based infor-
mation on incident IHD during 9 years follow-up in 
the Danish National Patient Registry. CAMB consists 
of participants from 3 cohort studies: The Copenhagen 
Perinatal Cohort (Merrick et al. 1983), the Danish 
Longitudinal Study on Work, Unemployment and 
Health (Christensen et al. 2004), and the Metropolit 
Cohort (Osler et al. 2006). In the CAMB study, 17,939 
men and women, aged 49–63 years, were invited to 
participate by questionnaire and clinical examination 
in 2009 to 2011. Hereof, 7,191 returned the self-
administered questionnaire on sociodemographic and 
socioeconomic factors, health and medication, lifestyle, 
and working conditions. The baseline for each partici-
pant was the first date of clinical examinations for those 
only answering a questionnaire and the exact date of 
clinical examination for those both participating both 
with a questionnaire and in the clinical examination.

In the present study, the study population consisted 
of 6,606 individuals, hereof 4,510 men and 2,096 
women, who answered the questionnaire, had infor-
mation about accumulated OL, and with no record of 
hospital admission from IHD prior to baseline.

Outcomes
The outcome was the risk of incident IHD from base-
line in 2009–2011 to end of follow-up in 2018, among 
participants free from IHD at baseline. Additionally, in 
a secondary analysis, risk of mortality during follow-up 
was used as outcome. Information about incident 
IHD was retrieved from the Danish National Patient 
Registry (Schmidt et al. 2015) by linkage of the per-
sonal identification number allocated to all residents in 
Denmark. This register was also consulted to exclude 
study participants with occurrences of IHD prior to 
baseline from the study population. IHD was defined 

according to the WHO International Classification of 
Diseases (ICD 10 (from 1994) and ICD 8 (from 1977 
until the end of 1993)) as hospitalization for myocar-
dial infarction (410 in ICD-8 and I21-23 in ICD-10), 
other acute or chronic IHD (411-412 in ICD-8 and 
I24-25 in ICD-10), angina (413 in ICD-8 and I20 in 
ICD-10), or electrocardiographically diagnosed heart 
disease (414 in ICD-10). Information about mor-
tality during follow-up was retrieved from the Danish 
Registry of Causes of Deaths. Information on date of 
death was retrieved from the Central Person Registry.

Assessment of accumulated occupational 
lifting
Accumulated OL was assessed by a linkage of oc-
cupational codes from reported job history to a Job 
Exposure Matrix (JEM), whereby a continuous 
measure in ton-years (lifting 1,000 kg/day/year) was 
formed. Information about job history: job title, type 
of workplace, and employment period (in calendar-
year) in the 5 longest held positions, during work-
life, and the present position was self-reported in the 
CAMB questionnaire. Based on this job history, occu-
pational codes according to the Danish version of the 
International Standard Classification of Occupations 
register (D-ISCO-88), were assigned to each separate 
employment (Møller et al. 2012). The JEM used in this 
study was The Lower Body JEM (Rubak et al. 2014). 
The JEM was originally developed for investigating 
the association between physical work demands and 
risk of osteoarthritis in lower limbs. Levels of exposure 
to lifting (amount of daily lifting per day and number 
of heavy lifts of more than 20 kg), sitting, standing/
walking, whole body vibration, and kneeling was as-
signed to each occupational code by experts (Møller et 
al. 2012). For each participant, ton-years were calcu-
lated for each employment, by multiplying years in this 
employment, by corresponding amount of lifting per 
day, retrieved from linkage of the occupational code to 
the JEM. Ton-years was thereafter calculated to give a 
standardized measure of exposure to lifting during the 
entire working life (Møller et al. 2012). A categorical 
variable was also formed, based on the distribution of 
exposure to OL in the included population, (i) No ex-
posure (reference group), (ii) low exposure (>0–5 ton-
years), (iii) moderate exposure (>5 to <10 ton-years), 
(iv) high exposure (≥10 to <30 ton-years), and (v) very 
high exposure ≥30 ton-years.

Assessment of covariates
From available covariates, potential confounders for 
the association between accumulated OL and IHD were 
selected a priori, based on current knowledge from the 
literature (Gielen et al. 2015; Kivimäki and Kawachi 
2015). Information about sex and age at baseline was 
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retrieved from the Central Person Registry. A categor-
ical age variable was included in the descriptive ana-
lyses: 49–54; 55–59; 60–63. In all other analyses, age 
was included as a continuous variable.

Cohabitation status was assessed by 2 questions: 
“Do you live alone” (yes/no) and “Do you live with – 
spouse/partner” (yes/no) and categorized as (i) Living 
alone; or (ii) Married/cohabitating.

Vocational education was assessed in the question-
naire and categorized as (i) unskilled; (ii) skilled; (iii) 
short; (iv) medium; or (v) long higher education.

Self-rated fitness was assessed by the question: How 
do you rate your fitness level compared to peers (same 
sex and age) in 9 categories, where 5 is the same level 
as peers. It was categorized as (i) low = 1–3; (ii) me-
dium = 4–6; or (iii) high = 7–9.

Self-rated muscular strength was assessed by a 
question: How do you rate your muscular strength 
compared to peers (same sex and age) in 9 categories, 
where 5 is the same level as peers. It was categorized 
as (i) low = 1–3; (ii) medium = 4–6; or (iii) high = 
7–9.

Body mass index (BMI) was a continuous measure 
calculated from self-reported height and weight as 
weight in kilograms divided by square of height in 
meters.

Assessed by questionnaire: “Are you suffering from, 
or have you previously suffered from diabetes” (yes/
no), or ever use of ATC code A10, covering all kinds 
of diabetes medication, based on information from 
The Danish National Prescription Registry from 1995, 
when the registry was initiated until baseline.

A high level of cholesterol was assessed as use of 
lipid-lowering medication: Information from The 
Danish National Prescription Registry about ever 
having used lipid-lowering medication (ATC code 
C10) from 1995 until baseline.

Smoking was assessed by questionnaire by a single 
item: “Do you smoke?” and categorized as (i) current 
smoker (daily and not daily) or (ii) former smoker or 
never smoker.

Continuous variable of average intake of beer, wine, 
and spirits per week calculated in units (10 ml or 8 g 
of pure alcohol).

Psychosocial work factors were assessed by a modi-
fied version of Copenhagen Psychosocial Questionnaire 
(COPSOQ) (Kristensen and Borg 2003) by 12 single 
questionnaire items; of these, 5 items were selected 
for this analysis. Four of the items (quantitative de-
mands, work pace, cognitive demands, and emotional 
demands) constituted “demands at work” (Cronbach’s 
α = 0.57). Influence at work was assessed by a single 
item: “do you have a lot of influence on the decisions 
about your work?,” categorized as (i) always or often; 
(ii) sometimes; and (iii) rarely or never/almost never.

Hypertension was assessed by self-report yes/no 
or ever use of ATC code: C02-04, C07-09, covering 
all kinds of anti-hypertensive medication, from The 
Danish National Prescription Registry between 1995 
and baseline.

Statistical methods
The distribution of the level of exposure variables and 
covariates in the study population is reported as per-
centages for categorical variables, or as means and 
standard deviations (SD), for continuous variables and 
reported for men and women, and according to level of 
lifting in 5 categories.

Odds ratios (OR) and 95% confidence intervals (CI) 
from multivariable logistic regressions were used to as-
sess the associations between level of accumulated OL 
and incident IHD and mortality, respectively. It was 
decided a priori to investigate sex differences in the as-
sociations and two sets of analyses were performed: 
(i) in models including both men and women further 
adjusted for sex and (ii) in models including an inter-
action term between OL and sex, from which separate 
associations for men and women were derived.

Model 1 was adjusted for age in both A and B. 
Model 1a additionally adjusted for sex. For both A and 
B, model 2 included additional adjustment for a set of 
lifestyle factors and risk factors for IHD (smoking, al-
cohol, BMI, diabetes, and use of lipid-lowering medi-
cation); model 3 was adjusted for self-rated muscular 
strength and fitness; model 4 was adjusted for voca-
tional education, civil status, and psychosocial occupa-
tional factors: demands at work and influence at work; 
and model 5 was the fully-adjusted model including all 
above-listed covariates.

In a sensitivity analysis, the association between 
OL and IHD was investigated in the age- and sex-
adjusted model 1a among workers with and without 
hypertension. Interaction between accumulated OL 
and hypertension was tested by including an inter-
action term.

In the logistic regression analysis, the length of the 
follow-up time of each individual is not accounted for, 
and a number of participants die or can no longer be 
followed in the registries due to emigration, these par-
ticipants therefore have an artificially lower risk of 
experiencing IHD in the logistic regression analysis. 
Therefore, in a sensitivity analysis, the association be-
tween accumulated OL and all-cause mortality was 
examined. Yet, in another sensitivity analysis, the as-
sociation between accumulated OL and risk of IHD 
or mortality was examined to investigate the case in 
where all deaths hypothetically were caused by IHD.

In all analyses, P < 0.05 was considered statistically 
significant. Statistical analyses were performed using 
the statistical package SAS version 9.4.
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Table 1. Characteristics (number and percentages) among 4,510 men and 2,096 women participating in the Copenhagen Ageing and 
Midlife Biobank, stratified on sex.

All participants, n = 6,606 Men, n = 4,510 Women, n = 2,096

n  % Mean (SD) n % Mean (SD) n % Mean (SD)

Age Mean age 
(years)

6,606 54.3 (4.0) 4,510 55.1 (3.4) 2,096 52.6 (4.5)

Civil status Married/
cohabitating

5,108 79.4 3,566 80.9 1,542 76.0

Living alone 1,329 20.6 842 19.1 487 24.0

Missing 169

Vocational education None/
semiskilled

785 12.0 562 12.6 223 10.7

Skilled 2,373 36.2 1,663 37.2 710 34.2

Short/middle 
longer

2,211 33.7 1,358 30.3 853 41.1

Long aca-
demic

1,126 17.2 850 19 276 13.3

Missing 54

Ton-years - continu-
ously

10.4 (20.0) 12.5 (12.5) 5.9 (1.8)

Ton-years 0 3,066 46.4 1,937 43.0 1,129 53.9

>0 and <5 967 14.6 629 14.0 338 16.1

≥5 and <10 664 10.1 460 10.2 204 9.7

≥10 and <30 1,247 18.9 896 19.8 351 16.8

≥30 666 10.0 588 13.0 74 3.5

Leisure time physical 
activity

Vigorous 155 2.4 127 2.8 28 1.4

Moderate 1,902 29.0 1,393 31.1 509 24.4

Light 3,825 58.4 2,453 54.8 1,372 66.0

Sedentary 671 10.2 500 11.2 171 8.2

Missing 53 - -

Smoking Current 1,687 25.6 1,169 26.0 518 24.8

Never/former 4,899 74.2 3,326 74.0 1,573 75.2

Missing 20 - -

Alcohol intake Intake Units/
week

6,499 12.3 (13.1) 14.7 (14.4) 7.1 (7.3)

Missing 107

Self-rated fitness Better than 
peers

2,350 35.8 1,779 39.7 571 27.3

Same as peers 3,153 48.0 2,093 46.7 1,060 50.8

Worse than 
peers

1,066 16.2 610 13.6 456 21.9

Missing 20

Self-rated muscular 
strength

Better than 
peers

2,387 36.3 1,834 40.9 553 26.5

Same as peers 3,543 53.9 2,362 52.7 1,181 56.6

Worse than 
peers

638 9.7 285 6.4 353 16.9

Missing 38

BMI continuous kg/m2 6,507 26. (6.1) 26.6 (5.0) 25.5 (8.0)

Missing 1,420
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Results
The study population consisted of 6,606 respondents, 
hereof 4,510 men and 2,096 women. During follow-up, 
327 (7.3%) men and 76 (3.6%) women were admitted 
to hospital with IHD, 206 (4.6%) men and 57 (2.7%) 
women died, and 28 (0.6%) men and 9 (0.4%) women 
emigrated or could no longer be followed in the regis-
ters. There were 2,030 men and 4,276 women, who 
were followed until the end of the follow-up period. 
Table 1 presents the baseline characteristics of the 
study population among men and women. The mean 
age was 55.1 years among men and 52.6 years among 
women. Table 2 represents the number of participants 
according to accumulated OL and cases of IHD.

Table 3 presents the association between accumu-
lated OL in ton-years in 5 categories and IHD among all 
participants, and men and women separately. Among 
all participants, the age-adjusted OR for IHD was 47% 
higher among those with ≥5 and <10 ton-years, 39% 
higher among those with accumulated OL of ≥10 and 
<30, and 62% higher among those with ≥30 ton-years 

compared to those with no accumulated OL (Table 3). 
Those with >0 and <5 ton-years had a small but statis-
tically insignificant increased risk of IHD. Adjustment 
for sex in model 1a attenuated the estimates, especially 
among those with the highest level of lifting, but all 
estimates remained statistically significant in model 1. 
However, adjustment for a set of lifestyle factors and 
risk factors for IHD (smoking, alcohol, BMI, diabetes, 
and use of lipid-lowering medication) in model 2, ad-
justment for muscular strength, and self-rated fitness in 
model 3, or adjustment for vocational education, civil 
status, and psychosocial occupational factors in model 
4, attenuated the estimates and none of them were stat-
istically significant. In the final model 5, there was a 
tendency of an increased risk of IHD from OL of 5 or 
above ton-years, but none of these estimates were stat-
istically significant.

Among men and women, there was no statistically 
significant interaction between OL and sex (P = 0.670 
in the age-adjusted and P = 0.979 in the fully-adjusted 
model 5). Among men, a statistically significant asso-
ciation between level of OL and IHD was seen in the 

All participants, n = 6,606 Men, n = 4,510 Women, n = 2,096

n  % Mean (SD) n % Mean (SD) n % Mean (SD)

Diabetes (self-reported) No 6,116 92.6 4,129 91.4 1,996 95.2

Yes 490 7.4 390 8.6 100 4.8

Missing

Use of lipid-lowering 
medication

No 4,820 73.0 3,157 70.0 1,663 79.3

Yes 1,786 27.0 1,353 30.0 433 20.7

Work demand scale 3.07 (0.67) 3.08 (0.66) 3.06 (0.68)

Work influence Always/often 4,782 72.8 3,432 76.5 1,350 64.8

Sometimes 1,264 19.2 742 16.5 522 25.1

Seldom/never/
hardly

523 8.0 312 7.0 211 10.1

Missing 37

Use of anti-hypertensive 
medication

No 3,737 56.6 2,473 54.8 1,264 60.3

Yes 2,869 43.4 2,037 45.2 832 39.7

Self-reported hyperten-
sion

No 4,931 75.2 3,277 73.3 1,654 79.3

Yes 1,629 24.8 1,196 26.7 433 20.7

Missing 46

Hypertension# No 3,514 53.4 2,304 51.3 1,210 57.8

Yes 3,068 46.6 2,185 48.7 883 42.2

Missing 24

Menopause No 868 41.9

Yes 1,206 58.1

Missing 22

Table 1. Continued

D
ow

nloaded from
 https://academ

ic.oup.com
/annw

eh/advance-article/doi/10.1093/annw
eh/w

xad077/7492931 by R
egion Zealand user on 02 January 2024



Annals of Work Exposures and Health, 2023, Vol. XX, No. XX 7

age-adjusted analysis, as OR for IHD was 46% higher 
among those with ≥5 and <10 ton-years, 39% higher 
among those with accumulated OL of ≥10 and <30, 
and 54% higher among those with ≥30 ton-years com-
pared to those with no accumulated OL (Table 3).

Adjustment in models 2–4 attenuated the estimates 
and the associations were no longer statistically signifi-
cant. In the fully-adjusted model 5, a modest increased 
risk of IHD among those with a level of OL of ≥5 ton-
years, was still indicated, but this was not statistically 
significant.

Among women, an increased risk of IHD was indi-
cated, but not statistically significant, among those with 
>0 to <5 and ≥5 and <10 ton-years, and a lower risk of 
IHD was indicated among those with ≥30 ton-years, 
compared to those without OL in models 1, 2, 3, and 4. 
In the fully-adjusted model, the same pattern was seen 
but none of the estimates were statistically significant.

A sensitivity analysis adjusted for age, sex, voca-
tional education, and civil status was performed as 
some of the confounders might be considered as medi-
ators rather than confounders. This sensitivity analysis 
did not show numerically different OR than reported 
in model 1a and 1 (Table 3). Moreover, this sensitivity 
analysis showed solely non-significant associations.

Table 4 presents the association between the level of 
accumulated OL in ton-years in 5 categories and IHD 
among all participants, stratified by whether the par-
ticipants were hypertensive or normotensive. Among 
hypertensive workers, there was a tendency of higher 
risk of IHD among all groups with OL, ranging from 
14% higher among those with >0 and <5 ton-years 
to 36%, among those with ≥30 ton-years, compared 
to those with no accumulated OL in the age-adjusted 
analysis (Table 4). This association was, however, not 
statistically significant and the estimates were attenu-
ated in the fully-adjusted model. In contrast, high ac-
cumulated OL did not seem to be associated with IHD 
among normotensive workers. Normotensive workers 
exposed to lifting of >0 and <5 ton-years, actually 

seemed to have a lower risk of IHD. This association 
was, however, not statistically significant. There was 
no statistically significant interaction between OL and 
being hypertensive or normotensive (P = 0.776 in the 
fully-adjusted model), and we cannot rule out that the 
observed differences are chance findings.

A sensitivity analysis among all participants of the 
association between OL and all-cause mortality, ad-
justed for age and sex, showed a similar pattern as with 
IHD as outcome: Compared to those without OL, OR 
for all-cause mortality was 0.97 (95% CI 0.64–1.48) 
among those with ton-years >0 and <5, 1.30 (95% CI 
0.84–2.01) among those with ton-years ≥5 and <10, 
1.52 (95% CI 1.10–2.11) among those with ton-years 
≥10 and <30, and 1.98 (95% CI 1.38–2.86) among 
those with ≥30 ton-years.

Yet, a sensitivity analysis of the association between 
OL and IHD and all-cause mortality, as outcome, was 
performed to see the result if all deaths during follow-up 
could be attributed to IHD. This analysis among all 
participants, adjusted for age and sex, showed a similar 
pattern as with IHD as outcome: Compared to those 
without OL, OR for all-cause mortality was 1.06 (95% 
CI 0.81–1.38) among those with ton-years >0 and <5, 
1.38 (95% CI 1.05–1.84) among those with ton-years 
≥5 and <10, 1.36 (95% CI 1.09–1.70) among those 
with ton-years ≥10, and <30 and 1.73 (95% CI 1.34–
2.23) among those with ≥30 ton-years.

Additionally, adjusting for menopause among the 
women did not affect the presented associations among 
women.

Discussion
Main results
In the age- and sex-adjusted analyses, among all parti-
cipants and men separately, stated that the higher the 
accumulated lifting burden, the higher odds of IHD. 
Specifically, 47% higher among those with ≥5 and <10 
ton-years, 39% higher among those with accumulated 

Table 2. Number of participants and number of cases of IHD according to level of accumulated occupational lifting among 4,510 men 
and 2,096 women participating in the Copenhagen Ageing and Midlife Biobank.

Ton-years of occupational lifting All participants Men Women

n n IHD % IHD n n IHD % IHD n n IHD % IHD

0 3,066 160 5.2% 1,816 121 6.7% 1,090 39 3.6%

>0 and <5 967 52 5.4% 591 38 6.4% 324 14 4.3%

≥5 and <10 664 47 7.1% 421 39 9.3% 196 8 4.1%

≥10 and <30 1,250 144* 7.8% 822 129* 9.5% 338 15* 3.7%

≥30 605 533 72

*Due to anonymization, n IHD is the sum of ≥10 and <30 and ≥30.
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Table 3. Odds ratio (OR) for IHD according to level of accumulated occupational lifting among 6,606 individuals, and 4,510 men and 
2,096 women participating in the Copenhagen Ageing and Midlife Biobank (CAMB) 2009-11. 403 cases of IHD, hereof 327 among men 
and 76 among women during follow-up.

Accumulated 
occupational lifting
(ton-years)

All Men Women

OR 95% CI OR 95 % CI OR 95 % CI

aModel 1

0 1 - 1 - 1 -

>0 and <5 1.11 0.81–1.54 1.02 0.70 – 1.49 1.33 0.71 – 2.49

≥5 and <10 1.47 1.05–2.06 1.46 1.00 – 2.13 1.26 0.58 – 2.74

≥10 and <30 1.39 1.06–1.83 1.39 1.03 – 1.87 1.13 0.60 – 2.14

≥30 1.62 1.18–2.22 1.54 1.11 – 2.15 0.73 0.17 – 2.98
bModel 1a

0 1 -

>0 and <5 1.09 0.79–1.50

≥5 and <10 1.41 1.01–1.99

≥10 and <30 1.33 1.02–1.75

≥30 1.47 1.07–2.02
cModel 2

0 1 - 1 - 1 -

>0 and <5 1.01 0.73–1.41 0.96 0.65 - 1.40 1.22 0.64 - 2.32

≥5 and <10 1.33 0.95–1.87 1.36 0.93 - 1.99 1.24 0.57 - 2.70

≥10 and <30 1.21 0.92–1.59 1.24 0.91 - 1.69 1.08 0.57 - 2.05

≥30 1.33 0.96–1.84 1.38 0.98 - 1.94 0.74 0.17 - 3.14
dModel 3

0 1 - 1 - 1 -

>0 and <5 1.02 0.74–1.42 0.97 0.66 – 1.42 1.23 0.64 – 2.34

≥5 and <10 1.29 0.91–1.82 1.30 0.89 – 1.92 1.23 0.56 – 2.68

≥10 and <30 1.19 0.90–1.57 1.22 0.90 – 1.66 1.06 0.56 – 2.01

≥30 1.30 0.94–1.81 1.35 0.96 – 1.90 0.74 0.17 – 3.13
eModel 4

0 1 - 1 - 1 -

>0 and <5 0.99 0.71–1.40 0.93 0.62 – 1.37 1.26 0.65 – 2.48

≥5 and <10 1.38 0.97–1.97 1.37 0.93 – 2.04 1.43 0.65 – 3.15

≥10 and <30 1.15 0.84–1.58 1.18 0.83 – 1.67 1.03 0.51 – 2.08

≥30 1.24 0.86–1.80 1.29 0.87 – 1.90 0.71 0.16 – 3.03
fModel 5

0 1 - 1 - 1 -

>0 and <5 0.94 0.66–1.36 0.88 0.58 - 1.34 1.22 0.59 - 2.50

≥5 and <10 1.28 0.88–1.88 1.26 0.82 - 1.92 1.41 0.59 - 3.37

≥10 and <30 1.20 0.85–1.69 1.24 0.85 - 1.80 0.95 0.45 - 1.99

≥30 1.22 0.81–1.84 1.25 0.81 - 1.91 0.71 0.16 - 3.16

aModel 1: Adjusted for age. bModel 1a: Adjusted for age and sex. cModel 2: Adjusted for age, sex, diabetes, BMI, smoking and alcohol 
consumption, and use of lipid-lowering medication. dModel 3: Adjusted for age, sex, self-rated fitness, and self-rated muscle strength. 
eModel 4: Adjusted for age, sex, vocational education, civil status, and psychosocial work factors: work demands and influence at work. 
fModel 5: Full models including all covariates.
BMI, body mass index; CI, confidence interval; IHD, ischemic heart disease; OR, odds ratio.
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OL of ≥10 and <30, and 62% higher among those with 
≥30 ton-years, compared to those with no accumulated 
OL. However, adjustment for IHD risk factors, leisure 
time physical activity, civil status, vocational education, 
and psychosocial work factors, all attenuated the esti-
mates and none of the estimates remained statistically 
significant. A number of other factors, associated with 
increased risk of IHD, therefore, seems to explain the 
associations seen in the age- and sex-adjusted models.

We also investigated if the association between ac-
cumulated OL and IHD differed between men and 
women. The interaction analysis showed no statistic-
ally significant interaction between OL and sex, as well 
as between OL and hypertension status; therefore, the 
differences in the associations among men and women 
might be chance findings.

Previous knowledge
The association between OL and risk of IHD has been 
sparsely investigated and with mixed results (Fransson 
et al. 2004; Hannerz and Holtermann 2016; Petersen 

et al. 2012). Hannerz and Holtermann find no associ-
ations between men employed in occupational groups 
exposed to heavy lifting and risk of IHD (Hannerz and 
Holtermann 2016), which corresponds to the findings 
from this study among men. Petersen and colleagues 
(Petersen et al. 2012) find no associations between OL 
and risk for IHD among women, but a significantly 
increased risk among men in a model adjusted for life-
style, LTPA, OPA, and education. Thus, these results 
(Petersen et al. 2012) mimic the results in this paper in 
the model only adjusting for age. Lastly, Fransson and 
colleagues (Fransson et al. 2004) report a lower risk 
(22%) for low HDL cholesterol among male workers 
stating to be exposed to heavy OL, in an analysis ad-
justed for age, smoking, LTPA, and socioeconomic 
status. As low HDL cholesterol is a risk factor for IHD 
(Sniderman et al. 2011), this could be interpreted as 
exposure to heavy OL might lower risk for IHD among 
men, which corresponds to our finding of no associ-
ation among men in the fully-adjusted model. In sum-
mary, the sparse previous knowledge on the association 
between OL and IHD is inconclusive, and the results 
from the present study do not contribute to a clearer 
understanding of the association. Rather one could 
speculate whether the association between OL and risk 
for IHD is explained by socioeconomics as adjustment 
for covariates related to socioeconomic status showed 
associations in similar direction, but insignificant. 
However, hypothetically OL would lead to increases 
in the blood pressure, as every lift acutely increases 
the total peripheral resistance due to the occlusion of 
vessels during the static muscle activity (MacDougall 
et al. 1985; Saladini et al. 2016), and a raised blood 
pressure or hypertension are stated as one of the main 
risks for IHD across both sexes (Bergami et al. 2022). 
In the literature, the results are mixed on the associ-
ation between OL and blood pressure (Baumann et al. 
2023; Clays et al. 2012; Korshøj et al. 2020; Korshøj 
et al. 2021), leading to speculations of other pathways 
for explanation of the increased risk for CVD among 
workers with high OPA (Holtermann et al. 2021.), ac-
curacy in the estimation of OL (Korshøj et al. 2022b) 
or impacts by the healthy worker selection bias (Li 
and Sung 1999). Nevertheless, none of the previous 
studies, have included an accumulated estimate of the 
OL, but have been based on exposure to OL at one 
time-point (Fransson et al. 2004; Petersen et al. 2012;  
Hannerz and Holtermann 2016). Although this 
study includes an accumulated estimate of OL, the 
risk of healthy worker selection bias (Li and Sung 
1999) could still affect the workers to migrate to less 
strenuous occupations, e.g. caused by the acute peaks 
in blood pressure which might give angina (Robinson 
1967). Furthermore, future studies should consider 
to investigate the potential mediating, moderating, or 

Table 4. Odds ratio (OR) for IHD according to level of 
accumulated occupational lifting and being normotensive or 
hypertensive among 4,510 men and 2,096 women, participating 
in the Copenhagen Ageing and Midlife Biobank (CAMB) 2009-11. 
403 cases of IHD hereof 327 among men and 76 among women 
during follow-up.

Accumulated 
occupational 
lifting
(ton-years)

Normotensive Hypertensive

OR 95 % CI OR 95 % CI

aModel 1

0 1 - 1 -

>0 and <5 0.56 0.22–1.45 1.14 0.80–1.63

≥5 and <10 1.04 0.43–2.52 1.33 0.91–1.94

≥10 and <30 0.97 0.48–1.95 1.29 0.95–1.75

≥30 0.98 0.41–2.39 1.36 0.95–1.92

bModel 5

0 1 - 1 -

>0 and <5 0.56 0.21–1.46 1.06 0.71–1.59

≥5 and <10 1.08 0.44–2.68 1.28 0.84–1.96

≥10 and <30 0.92 0.43–1.96 1.26 0.87–1.83

≥30 1.01 0.40–2.54 1.24 0.80–1.92

aModel 1: Adjusted for age. bModel 5: Adjusted for age, diabetes, 
BMI, smoking and alcohol consumption and use of lipid-lowering 
medication, self-rated fitness and self-rated muscle strength, 
vocational education, civil status, and psychosocial work factors: 
work demands and influence at work.
P-value accumulated occupational lifting × hypertension: Model 1: 
P = 0.692; model 5: P = 0.776.
BMI, body mass index; CI, confidence interval; IHD, ischemic 
heart disease; OR, odds ratio.
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confounding effect of OPA on the association between 
OL and IHD, as OL in most occupations is performed 
in combination with moderate to high levels of OPA 
(European working conditions survey 2021).

Secondary analyses
The secondary aims of the study were to investigate po-
tential differences in this association between OL and 
risk for IHD across sexes and hypertensive status. No 
interaction was seen between OL and sex, neither did 
the risk for IHD by exposure to OL seem to differ across 
sex, except in model 1, where the associations among 
men were statistically significantly showing increased 
risk for IHD by exposure to occupational lifting, and no 
associations were shown among women. Also, no inter-
action was seen between OL and hypertensive status, 
and the analysis stratified by hypertension did not show 
any differences in risk for IHD by exposure to OL.

To the best of our knowledge, no other studies have 
investigated the association between OL and IHD 
including an exploration of the potential effect modi-
fication by sex, by testing for interaction. Only a few 
studies investigating the association between OPA 
and IHD have tested for interaction, with mixed re-
sults (Holtermann 2021; Hu et al. 2014; Holtermann 
et al. 2016; Allesøe et al. 2023). One challenge in the 
examination of the association between OL and IHD 
among working women are the need for a large sample 
size as IHD is less frequent among working women 
than working men (Maas and Appelman 2010). Also, 
the gender segregation in the labor market and in the 
distribution of the physical workloads including OL  
(Eng et al. 2011; Møller et al. 2013) may impact this 
investigated association. Moreover, it is expected that 
the physiological sex differences of, e.g. physical cap-
acity, as muscle mass and cardiorespiratory fitness, and 
sex hormones, as well as individual factors like occur-
rence of musculoskeletal pain or other trauma, affect 
both the level of relative intensity of the performed 
work task as well as the perception of strain (Ilmarinen 
1989; Søgaard and Sjøgaard 2015).

Strengths and limitations
The strengths of the present study are the register-based 
outcome of hospitalization due to IHD, being free of 
the biases related to self-reports and observations. 
Another strength is the choice of logistic regression, as 
it is (i) being robust to differences in distribution of the 
outcome across sub-groups, like men and women; (ii) 
allows for comparison across sub-groups, like men and 
women, within the same analysis; and (iii) produces 
risk estimates in OR, not being dependent on the base-
line incidence of the outcome. Also, the unique feature 
of the accumulated exposure to OL is a strength, as the 
time period for the exposure reflects the majority of the 

work life for the participants. Nevertheless, this type 
of exposure assessment might also hold limitations as 
(i) the exposure were cumulated and then categorized; 
therefore, we cannot rule out that the same exposure 
category of OL might hold participants both exposed 
to high loads of OL for few years and low loads of 
OL for many years; (ii) having the same categories of 
OL for both sexes might blur the investigation, as men 
and women are exposed to OPA differently within the 
same occupational group (Eng et al. 2011); (iii) it does 
not account for the development in occupational ex-
posures across a work life, e.g. due to changes in legis-
lation, use of assistive devices, and changes in the tasks 
in the occupational titles due to ex digitalization and 
technological development; (iii) it does not account for 
individual adjustments in the performance of the OL, 
e.g. due to musculoskeletal disorders or other symp-
toms from, e.g. CVDs. Therefore, future studies could 
consider to combine this type of exposure with oc-
cupational titles to better investigate sex differences. 
Moreover, those with the highest loads of exposure to 
OL, and no IHD at baseline, could be a selected group, 
being especially fit for this type of exposure, as those 
not, would be expected to leave the occupation, this 
phenomena are called the healthy worker selection bias 
(Li and Sung 1999). This might draw the associations 
under investigation towards a null-finding. Regarding 
the adjustment, the significant OR, in Table 3, might 
turn insignificant due to over-adjustment as there are 
several overlapping pathways of IHD risks that are 
combined in this analysis, e.g. there can be an asso-
ciation between socioeconomic status and exposure 
to OL, as the majority of those having high OPA also 
have short or no education (Holtermann et al. 2021). 
Moreover, will the combination of static muscle con-
traction and external loads, during lifting, lead to an 
acute occlusion of the arteries, affecting the total per-
ipheral resistance (MacDougall et al. 1985) and blood 
pressure (McArdle et al. 2010) to rise. These acute ef-
fects combined with other risk factors for IHD leading 
to increased total peripheral resistance, e.g. smoking 
and age, developing over time may not necessarily be ac-
counted for by adjusting for baseline values. Moreover, 
future investigations of this association between OL 
and IHD risk could consider adjustment for family 
history of CVDs, as this might impact vulnerability to 
exposure to OL in relation to IHD risk. Furthermore, 
the null findings among women may be explained by 
the fact that the majority of women develop IHD at a 
higher age than men (Maas and Appelman 2010) and 
thus not in their working age, but when they are re-
tired. In addition, these results should not be general-
ized to the general workforce, as this study population 
is in the end of their work life, thus these results are not 
generalizable to younger workers.
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Perspectives for prevention and future 
research
The results reported in this paper do not point towards 
prevention of IHD, among workers, being accomplished 
by reducing exposure to OL. However, association ana-
lysis between OL and IHD, stratified by sex, might still 
be warranted, and especially in non-Danish cohorts, as 
this is the only study investigating this besides the other 
Danish study by Petersen and colleagues (Petersen et al. 
2012). However, overall prevention of CVD risk, among 
workers, could be accomplished by reducing exposure 
to OL, as OL (i) increase blood pressure, in some ana-
lysis (Clays et al. 2012; Korshøj et al. 2020), but not all 
(Korshøj et al. 2021); (ii) reduce function of the heart 
(Korshøj et al. 2022a; Nde et al. 2014); (iii) acutely in-
crease the relative aerobic workload (Baumann et al. 
2023); and (iv) lead to increased levels of inflamma-
tion (Feinberg et al. 2022). All of these are being fac-
tors leading to an increase in CVD risk (Lewington et 
al. 2002; Krause 2010; Pedersen et al. 2020), and are 
parts of the mechanism in the development of IHD, thus, 
future studies could consider to investigate this in medi-
ation analysis. Also, future studies might also consider 
to investigate the combined effects of joined exposures 
of OPA and OL, as the literature shows high levels of 
OPA to increase risk for CVD (Coenen et al. 2018; 
Holtermann et al. 2021), however, without considering 
whether or not the OPA includes heavy OL.

Conclusion
The age-adjusted analysis showed an increased risk for 
IHD among all participants and men, where accumu-
lated exposure to OL ≥ 5 ton-years increased risk for 
IHD by 33–62%. However, the fully-adjusted analysis 
showed similar associations, although they were insig-
nificant. No associations between accumulated OL and 
risk for IHD were seen in the analysis stratified by sex 
and hypertension.
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