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Abstract

Background: Hip osteoarthritis (HOA) is a disabling disease affecting around 33 million people worldwide. People of
working age and the elderly are at increased risk of developing HOA and the disease is associated with high costs at
individual and societal levels due to sick leaves, job loss, total hip replacements and disability pension. This systematic
review evaluated the influence of physically demanding occupations on the development of HOA in men.

Methods: Cohort studies, case—control studies and cross-sectional studies with publications in English or German,
which assessed the association between exposure to physically demanding occupations and development of HOA,
were searched in electronic databases (Medline, Embase, HSE-Line, Cochrane Library) and conference abstracts from
1990 until May 2020. We assessed the methodological quality of selected studies, interpreted all relative effect estima-
tors as relative risks (RRs) and meta-analytically reviewed the effects of occupations with high physical workloads. All
steps are based on a study protocol published in PROSPERO (CRD42015016894).

Results: Seven cohort studies and six case—control studies were included. An elevated risk to develop HOA was
shown for six physically demanding occupational groups. Working in agriculture including fishery and forestry and
food production doubles the risk of HOA. Construction, metal working and sales as well as exposure to whole body
vibration while driving vehicles increases the risk by roughly 50 to 60%. Unskilled or basic level workers, who were
frequently exposed to repetitive heavy manual work, had nearly a doubled risk (RR 1.89 95%Cl: 1.29 to 2.77) compared
to workers with lower exposure.

Conclusions: Existing studies state an association between various occupations with high physical workload and
an increased risk of developing HOA. High Physical workloads include including lifting and carrying heavy loads,
demanding postures, repetitive activities, long standing and running, as well as exposure to body vibrations. Occu-
pational prevention and early detection as well as individual health promotion strategies should place their focus on
reducing the impact of high physical strain at work sites.
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Background
Hip osteoarthritis (HOA) is a disabling disease char-
acterized by pathologic changes of the whole hip joint
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75 years of age depending on the region and diagnostic
criteria [3—5]. The Global Burden of Disease Study 2019
reported lower prevalence estimates for people over
the age of 25 with 1.95% (95%-CI 1.48 to 2.49) in West-
ern Europe and 1.01% (95%-CI 0.77 to 1.27) in Eastern
Europe [3]. HOA incidence increases at the age of 40-50,
which indicates an increased risk of developing HOA for
people of working age and the elderly. This is associated
with high costs due to necessary medical treatments, sick
leaves, job loss or disability pensions [6]. This substantial
health burden might be further increased by factors such
as willingness of patients to seek care, awareness of pri-
mary care physicians, aging, increasing obesity and more
frequently occurring joint injuries [1, 2, 7]. On the other
hand, changes in occupational exposures, the develop-
ment of special preventive strategies and technical equip-
ment may reduce this burden [8 9]. Other confirmed risk
factors for developing HOA are genetic pathologies and
congenital deformit [1-13].

The American College of Rheumatology has estab-
lished diagnostic criteria for HOA, which are the most
frequently used internationally [14]. These include hip
pain, restricted internal hip rotation and radiographic
changes such as joint space narrowing and marginal fem-
oral or acetabular osteophytes. The Kellgren and Law-
rence score and other joint functioning scores are also
considered for diagnosis of HOA [15, 16].

Various reviews demonstrate a positive association
between long-term lifting and carrying of heavy loads,
or physically demanding work in general, and the risk
of developing of HOA [17-20]. Thus, in Germany, HOA
has been defined in 2020 as an occupational disease for
workers lifting heavy loads [21] with a cumulative load
of at least 9.500 tons in their working life or > 20 kg han-
dled > 10 times per day. However, HOA is not listed in the
European schedule of occupational diseases [22, 23].

We wanted to check whether only occupations asso-
ciated with lifting and carrying heavy loads have an
increased risk of developing HOA, or whether other
physically demanding occupations with demanding pos-
tures, repetitive activities, long standing and running or
body vibrations may also increase the risk of HOA. The
aim of this systematic review was to identify studies and
appraise and synthesize their results on developing HOA
due to specific occupations. The hypothesis was that an
increased risk of developing HOA would be observed in
occupational sectors with high physical workloads com-
pared to other occupational sectors. This systematic lit-
erature review was based on a sensitive search string
and concentrated on the exposure of men in physically
demanding occupations. Due to the high number of
occupations, substantial differences in work exposures
for men and women and job sector segregation between
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the sexes [24], we decided to summarize and discuss the
results for women, including gender-specific differences
and consequences, in a separate manuscript.

Methods

This systematic review was registered a priori in PROS-
PERO (CRD42015016894) and follows the PRISMA reg-
ulations [25].

Systematic search

We systematically searched cohort studies, case—con-
trol studies and cross-sectional studies that assessed the
association between exposure to occupational workload
or occupations with known high physical workload and
development of HOA in February 2015 and published the
results on the association between lifting and carrying
heavy loads or other demanding work on the risk of HOA
[17] and added searches in 2018 and 2020 on the topic of
this review. We searched Medline (Ovid) (Supplementary
Table S1), Embase (Supplementary Table S2), Cochrane
Library (Supplementary Table S3), CINAHL (Supple-
mentary Table S4) and the Health and Safety Executive
(HSE)-Line (Supplementary Table S5) with a last update
of the search conducted in May 2020. We manually
checked the tables of contents of occupational medi-
cine journals (Supplementary Table S6) and checked the
abstracts of annual meetings of international orthopaedic
conferences (International Epidemiology in Occupational
Health (EPICOH), American Occupational Health Con-
ference (AOHC) and the American Orthopaedic Asso-
ciation (AOA)) for additional studies until 2020. Embase
was searched in February 2015. The search strategy was
based on a combination of controlled vocabulary and key
words to describe the association between occupational
exposure and the development of HOA. All references
were imported to a bibliographic reference management
program (Endnote).

Inclusion and exclusion criteria

Criteria summarized in Table 1 were applied to each
identified reference to determine eligibility for this sys-
tematic review.

Study selection

Two independent reviewers checked titles and abstracts
of all references identified from different sources of our
systematic search, read full text publications of poten-
tially eligible studies, extracted data and assessed the
quality of included studies. In case of disagreement, a
third reviewer was consulted to achieve consensus.
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Table 1 Inclusion criteria for studies
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Population Adult men (> 18 years at diagnosis)
Exposure Former or current employment in occupational groups with known heavy physically demanding strain where results
on the association between occupational strain and development of HOA were reported in at least three studies
Comparison Occupational groups without heavy occupational workload
Endpoints Diagnosis of HOA due to occupational strain based on
«clinical and radiological criteria (American College of Rheumatology criteria [14] or radiological scoring systems
according to Kellgren and Lawrence [16])
-total hip replacement subscales measuring hip pain, stiffness or reduced physical function
-hip pain
-reported cases with the diagnosis HOA in register data without further information including resulting disability,
pension or sick leave
Exclusion of studies with HOA due to non-occupational strains (e.g., due to sport, hip dysplasia or other hip deformi-
ties)
Study design Full-text publications in German or English language from 1990 until today of

-cohort studies

-case—control studies or analysis of data from registry data
-cross-sectional studies with relevant data of an exposure to occupations for > 10 years to assure a causal relationship

Data extraction and quality assessment

We extracted information to characterize the researched
studies (design, country and time of recruitment), study
population (inclusion criteria, number of participants,
age and sex), exposure and reference groups (including
levels of exposure with their duration and intensity) and
outcome (with precise diagnostic criteria). To describe
the investigated association, we extracted numbers of
participants and events per group and adjusted effect
sizes with their 95% confidence intervals (95%-CI) for
men and women.

Quality assessment was based on criteria recently used
in Bergmann et al. 2017 [17]. These criteria applied the
Newcastle—Ottawa Quality Assessment Scale [26] and
the Cochrane Handbook [27] to our research question.
The assessment criteria were separately developed for
case—control and cohort studies. For cohort studies, we
judged the representative selection of exposed and non-
exposed participants, validity and accuracy of exposure
acquisition and assessment of outcomes and the meth-
ods to ensure comparability of exposed and non-exposed
groups. For case—control studies, we judged the selec-
tion, validity and accuracy of exposure and methods to
ensure comparability of cases and controls. Best judge-
ment resulted in 19 points for cohort studies and 15
points for case—control studies.

Data synthesis

The association of occupational risks and development
of HOA was assessed with all effect measures to com-
pare the risk of occupations with heavy physical strain
to non-exposed reference groups. Due to the low preva-
lence of HOA, different reported effect measures (odds
ratios, relative risks, hazard ratios, standardised hospital-
isation ratios) do not differ widely and were interpreted

as relative risks (RR). If more than one effect estimator
was reported in one study, we pooled comparable results
from studies, which corresponded best with our research
question. This estimator was based on diagnostic criteria
with the best validity according to Bergmann et al. 2017
[17] and the highest or longest exposure with a sufficient
sample size.

The effect estimators of different studies and their 95%-
CI were synthesized with the random effects model using
RevMan 5.3 [28] due to differences in measurement of
exposure, outcome, study design and effect measures.
Reported RRs greater than 1 are considered as a higher
risk in occupations with heavy physical strain com-
pared to the reference group. We judged the consistency
of results of different studies based on the I? value and
interpreted heterogeneity as small if I <30%, moderate
(30 to 60%) or substantial (I>>60%). We did not discuss
the pooled results in cases of substantial heterogeneity
between study results, different conclusions of the studies
or clinical heterogeneity in severity of physical demands.
To investigate clinical heterogeneity between treatment
effects of individual studies, we calculated subgroup anal-
yses for differences in exposure, criteria to diagnose HOA
and study design.

Results

We identified a total of 6070 records and read 273 poten-
tially relevant reports. After exclusion of all reports that
did not fulfil our inclusion criteria, we included a total of
13 eligible studies including 7 cohort studies [29-37] and
6 case—control studies [38—43] with a total of 15 publica-
tions (Fig. 1). Cross-sectional studies with an exposure to
occupations of at least 10 years to ensure the association
between occupational exposure and the development of
HOA were not identified.
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Fig. 1 Flow chart [44] to describe identification and selection of included studies

Participants

All eligible studies were conducted in Europe, predomi-
nantly in Scandinavian countries (Sweden, Denmark,
Finland, and Iceland), two studies in the UK and one
in Germany. Most studies included working age par-
ticipants with a mean or median age of over 36 years
at time of diagnosis. The proportions of men showed a
broad variation across occupational groups. Most stud-
ies recruited more men and four studies [38, 39, 42, 43]
recruited only men (Supplementary Tables S7 and S8).

Exposure

Information on occupation was based on registry data
[29, 31-37] in Scandinavian countries, occupational
titles [32] and interviews [38, 39, 43] or questionnaires
[40—42] on occupational history. Some studies summa-
rized different occupational groups, others were more

specific and differentiated between degrees or peri-
ods of exposure. This review focuses on results on the
risk to develop HOA in physically demanding occupa-
tional groups traditionally dominated by men (farm-
ing, construction, driving, metal work, storage and
transportation).

We identified nine occupational sectors with physi-
cally demanding workloads and resulting high risk to
develop HOA. These sectors considered occupations in
the following:

«agriculture, fishery or forestry (12 studies): Three
of these studies [38, 42, 43] differentiated between
exposure lengths. Studies reported results on the
exposure of farmers or summarized farmers and
forest workers [40, 43] farmers and agricultural
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workers [38] or agricultural and fishery workers
[34] (Supplementary Table S9).

«construction (9 studies): Five studies reported the
risk for construction workers [29, 31, 37, 40, 43],
three studies summarized exposure of comparably
demanding occupations [34, 39, 41] and one study
reported more specialized occupations [33] (Supple-
mentary Table S10).

«driving vehicles with exposure to whole body vibra-
tion (8 studies): Two studies reported on the risk of
any occupation with exposure to whole body vibra-
tion [33, 40], others reported results for professional
motorists [31, 34, 39] or differentiated between driv-
ing different vehicles [36, 37, 42] (Supplementary
Table S11).

emetal work (6 studies): Of these, three studies
reported the risk of general occupations in metal
work [31, 40, 43], others summarized metal and
machinery workers [34] or reported more specific
information on sheet-metal workers [33] and fur-
nace men, smiths and workers doing metal process-
ing [37] (Supplementary Table $12).

«sales (5 studies): Of these, four studies reported the
risk of working as service or shop worker [34—41],
whereas one [37] summarized very heterogeneous
demanding occupations for store and warehouse
workers (Supplementary Table S13).

«gastronomy (4 studies): All of these studies summa-
rized different occupations with comparable expo-
sure in gastronomy and hotels [34, 36, 37, 40] (Sup-
plementary Table S14).

+food production (4 studies): Three studies sum-
marized comparable demanding occupations [37,
40, 43], whereas one study [36] reported the risk of
less demanding occupations as baker, pastry cook or
confectionery maker (Supplementary Table S15).
«storage transportation (3 studies): All studies inves-
tigated the exposure of postmen [38, 41, 44], one
study added results for storage and transport work-
ers (Supplementary Table S16).

shealth care (3 studies): Studies reported results for
health-care assistants [29], medical doctors [36] and
one study reported combined results for nurses and
environmental officers [34] (Supplementary Table
S17).

Finally, three studies [34, 37, 41] investigated the risk of
HOA of men in unskilled or basic level labours in com-
parison to managers, professionals or low-exposure blue-
collar workers (Supplementary Table $18).
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Diagnosis
Follow-up periods between exposure and diagnoses are
mainly available from cohort studies and ranged from 3
to 28 years.

Various criteria were used for the diagnosis of HOA:

+Disability pension or sick leave due to HOA [31, 34,
43]

«Implantation of a total hip replacement (THR) [33,
36, 41]

+Radiological diagnostic criteria or THR [39, 42]
+Clinical or radiological diagnostic criteria [29, 35,
37, 38, 40]

+Disability pension due to low back disorders [43]

A high validity of the diagnosis of HOA was assumed
for disability pension due to HOA, THR and radiologi-
cal imaging compared to a clinical diagnosis and back
disorders.

Quality assessment

Cohort studies

The seven cohort studies scored 12 to 15 points on a
scale ranging from 0 to 19 points. No study could pro-
vide accurate and reliable quantitative data on exposure
such as frequency or duration of occupation. All stud-
ies adjusted results for age; three used other important
confounders (body mass index or education and physical
workload factors) [31, 33, 34] (Supplementary Table S7).

Case-control studies

The six case—control studies scored between 5 to 10
points on a scale of 0 to 15. Three studies received less
than 3 out of 6 points for the selection of the study popu-
lation [38—40] due to deficits in the representativeness of
the cases and the selection of controls. Two studies [40,
41] had a low response rate. Only one study received
full points for an adequate case definition by considera-
tion of people with a THR [41] and one study received no
points due to the low validity of diagnostic criteria [43].
Only one studies excluded pre-existing HOA al the base-
line [35]. Only two studies received points for including a
long enough follow-up of more than 10 years for the end-
point to occur [42, 43]. Four studies were downgraded
due to low validity of data acquisition [39-42] and two
studies [40, 43] were downgraded because some compar-
ative hypotheses mentioned in the methods section were
not reported with quantifiable data. Two studies [38, 41]
adjusted their results for age and body weight (Supple-
mentary Table S8).
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Cohort studies
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Fig. 2 Risk of developing HOA owing to occupations in agriculture, fishery or forestry: Comparison of exposed and non-exposed control groups

Study results

Agriculture, fishery or forestry (12 studies)

Out of around 273,300 men with occupations in agri-
culture or forestry, 4,732 were diagnosed with HOA. All
studies stated an elevated risk of developing HOA with
a pooled RR of 2.81 (95%-CI 2.22 to 3.55) with substan-
tial heterogeneity (I>=90%) between results of different
studies (Fig. 2). A possible explanation for this heteroge-
neity might be the increasing relative risk of HOA with
increasing numbers of years farming as shown in two
studies [38, 42, 45] (Supplemental Table S9).

Construction worker (9 studies)

Out of more than 581,000 construction workers, 3,736
were diagnosed with HOA. The results of all studies
stated an elevated risk of developing HOA. Summarising
the results of all studies, we stated that the risk of con-
struction workers to develop HOA is increased by 64%
(RR 1.64; 95%-CI 1.28 to 2.09) compared to non-exposed
men with a moderate heterogeneity (I>=49%) between
studies (Fig. 3).

Driving vehicles with whole body vibration (8 studies)

Out of more than 93,418 drivers, 410 (most of them driv-
ing different vehicles with whole body vibration) were
diagnosed with HOA. The results of 7 out of 8 studies
stated an elevated risk with a pooled RR of 1.52 (95%-CI
1.11 to 2.08) and a substantial heterogeneity (I>=72%)
between results of different studies (Fig. 4). The heteroge-
neity might be explained by the exposure to very different
vehicles and resulting vibrations (Supplementary Table
S11).

Metal work (6 studies)

Out of more than 77,000 metal workers, 299 were diag-
nosed with HOA. The results of all studies stated an ele-
vated risk to develop HOA. Summarising the results of
all studies, we stated an increased risk of 54% (RR 1.54;
95%-CI 1.21 to 1.97) for metal workers compared to
non-exposed men with moderate heterogeneity between
results (I>=37%) (Table 2).

Sales (5 studies)

Out of more than 19,500 men working in sales, 93 were
diagnosed with HOA. Among these men, the sum-
mary of all studies stated an elevated risk by 50% (RR
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Fig. 3 Risk of developing HOA as a construction worker: Comparison of exposed and non-exposed control groups
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Fig. 4 Risk of developing HOA in occupations with whole body vibrations due to driving vehicles: Comparison of exposed and non-exposed
control groups
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Table 2 Effect sizes of occupational exposure to develop HOA among different subgroups
Occupation Subgroup Number RR (95%-Cl) Hetero- Subgroup
of geneity (1?) differences
studies
Agriculture and forestry All studies 12 2.81 (2.22-3.55)° 90%
Disability pension due to HOA 3 3.96 (1.36-11.51)* 73% p=0.72
THR, no information on disability pension 3 241 (1.45-4.00) 91%
reported
Diagnosis, but no THR 6 2.60(1.81-3.72)° 92%
Cohort studies 6 267 (2.01-3.55)° 95% p=051
Case—control studies 6 3.24 (1.96-5.37)° 61%
Construction worker All studies 9 1.64 (1.28-2.09) 49%
Disability pension due to HOA 3 2.79 (1.36-5.72) 59% p=0.12
THR, no information on disability pension 2 1.31(1.02-1.70) 38%
reported
Diagnosis, but no THR 4 1.60 (1.36-1.87) 0%
Cohort studies 5 1.55(1.34-1.78) 0% p=054
Case—control studies 4 1.92 (0.97-3.77)* 73%
Driving vehicles with whole body vibra- All studies 8 1.52(1.11-2.08)° 72%
tion Disability pension due to HOA 2 2.35 (0.85-6.49)° 67% p=0.18
THR, no information on disability pension 3 1.12(0.78-1.59) 51%
reported
Diagnosis, but no THR 3 1.68 (1.15-2.45) 50%
Cohort studies 5 142 (0.92-2.21)° 79% p=032
Case—control studies 3 1.87 (1.39-2.52) 3%
Metal work All studies 6 1.54(1.21-1.97) 37%
Disability pension due to HOA 3 1.83 (1.15-2.90) 0% p=0.28
THR, no information on disability pension 1 1.10 (0.67-1.80) -
reported
Diagnosis, but no THR 2 1.72(1.10-2.68) 22%
Cohort studies 4 142 (1.08-1.87) 0% p=0.21
Case—-Control studies 2 2.09 (1.23-3.56) 0%
Sales All studies 5 1.50(1.01-2.24)°  38%
Comparable physical demanding occupa- 4 1.50 (0.82-2.75) 51% p=0383
tions
Heterogeneous physical demanding 1 1.39(0.95-2.03) -
occupations
Disability pension due to HOA 1 2.35(1.19-4.66) - p=033
THR, no information on disability pension 2 1.77 (1.00-3.16) 0%
reported
Diagnosis, but no THR 2 0.96 (0.37-2.51)¢ 65%
Cohort studies 2 1.67 (1.02-2.72) 42% p=051
Case—-Control Studies 3 1.21(0.54-2.70) 56%
Gastronomy All studies 4 1.44 (0.78-2.66)° 63%
Cohort studies 3 1.70 (0.92-3.15)? 63% p=0.13
Case—Control Studies 1 0.60 (0.18-2.02) -
Storage and transportation All studies 3 2.09 (0.88-4.96) 0%
Cohort study 1 0.92 (0.12-6.99) - p=0.51
Case—-Control-Studies 2 2.50(0.96-6.52) 0%
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Table 2 (continued)

Occupation Subgroup Number RR (95%-Cl) Hetero- Subgroup
of geneity (1) differences
studies

Food production All studies 4 2.13 (1.53-2.95)° 0%

Comparable physical demanding occupa- 3 2.22(1.39-3.54) 0% P=1.00
tions

Less physical demanding occupations in 1 2.04(1.28-3.24) -

construction

Cohort study 2 21001 .4872.96)b 0% p=0.84
Case-Control-Studies 2 240 (0.64-8.97) 37%

Health care All studies (only cohort studies) 3 1.21(0.51-2.88)° 88%

Unskilled or basic level labours All studies 3 1.89 (1.29-2.77) 34%

Cohort studies 2 2.15(1.31-3.54) 46% p=0.28
Case—Control Studies 1 14 (0.77-2.56) -

Cl confidence interval, HOA hip osteoarthritis, RR relative risk, THR total hip replacement

Pooling not useful due to substantial heterogeneity between results of individual studies (%), clinical heterogeneity in severity of physical demanding occupations (°)

or both ()

1.50; 95%-CI 1.01 to 2.24) with moderate heterogeneity
between results (I>=38%). A subgroup analysis of the
results of four of these studies with comparable physi-
cally demanding occupations (warehousemen, clerks,
service and shop worker) stated this exposure effect, but
decreased precision due to decreasing sample size (sup-
plementary table S13, Table 2).

Gastronomy (4 studies)

Out of 22,716 men working in gastronomy, 82 were diag-
nosed with HOA. Different studies summarized different
occupational groups, which might explain the substan-
tial heterogeneity of results (I>=63%). Due to this, it was
not reasonable to pool the results. Two studies stated an
increased risk [34, 36] (supplementary table S14, Table 2).

Food production (4 studies)

Out of more than 6,461 workers in food production,
66 were diagnosed with HOA. The results of all studies
stated an elevated risk (RR 2.13; 95%-CI 1.53 to 2.95) with
small heterogeneity between results (I*=0%) (Table 2).

Storage and transportation worker (3 studies)

Out of more than 3,100 men working as postmen, 22
were diagnosed with HOA. Summarising the results of
all studies, we stated a non-significantly elevated risk
increase (RR 2.09; 95%-CI 0.88 to 4.96) with small het-
erogeneity between results (I*=0%) (Table 2).

Health care (3 studies)

Out of 99,603 men working in health care, 321 were diag-
nosed with HOA. Exposures and diagnostic criteria were
very heterogeneous and explain substantial heterogeneity
of results (I>=88%) (supplementary table S17, Table 2).

Unskilled or basic level labour (3 studies)

Out of 19,273 men working in unskilled or basic level
labour, 383 were diagnosed with HOA. All studies stated
an elevated risk with an increase of 89% (RR 1.89; 95%-
CI 1.29 to 2.77) compared to jobs requiring higher quali-
fication with moderate heterogeneity between results
(I>=34%) (Table 2).

In subgroup analyses, we investigated possible sources
of heterogeneity and stated no difference of the results
depending on different diagnostic criteria and study
types (Table 2).

Discussion
This systematic review reveals considerable differences
between different physically demanding occupations
regarding developing HOA and consequential sick leaves,
hospitalisation, THR or disability pensions. We identified
six occupational groups with evidence for an increased
risk of HOA compared to professionals with no or low
physical strain. These groups included workers in agri-
culture, fishery or forestry, in food production or sales,
construction and metal workers and men driving vehicles
with whole body vibration.

Our results correspond to the conclusions of recent
systematic reviews that heavy physical workload
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exposure on the job increases the risk of developing HOA
[17, 18, 20, 46]. A greater exposure to manual handling of
weights at work is associated with a higher risk to develop
HOA [47, 48] and can even double this risk [19]. But our
results show that occupations demanding various other
physical exercises can also increase the risk of HOA.
Thus, they are in line with the results from a recent sys-
tematic review initiated by the World Health Organisa-
tion (WHO) and the International Labour Organisation
(ILO) with the aim to develop estimates of work-related
burdens to ergonomic risk factors. These factors included
force exertion, demanding postures, repetitiveness, vibra-
tions and lifting [49]. Occupations in agriculture, fishery
or forestry, construction and metal industry require fre-
quent lifting and carrying of heavy loads and demanding
working postures. Food production requires repetitive
activities, long standing and running, but workers have
to lift and carry of medium loads. Driving vehicles is a
predominantly sedentary activity with lack of movement,
but with whole body vibrations, which may damage joint
cartilage.

For two of these occupational groups with increased
risk of HOA, we identified a substantial heterogeneity
between results of different studies. These groups will be
discussed in detail to explain these different results.

First, we stated the highest risk increase to develop
HOA was for men working in agriculture, fishery or for-
estry with regular long working days, few vacations and
different demanding working positions. Due to the large
magnitude of the effect and the presence of a dose—
response gradient we see evidence of an cause-effect rela-
tionship between occupations in agriculture, fishery and
forestry and the development of HOA. But despite high
prevalence of musculoskeletal disorders [50], the total
number of farmers who take time off and seek care [51] is
low and it is unclear if farmers, who are very dependent
on their mobility, are motivated to accept their situation
earlier or to delay THR and continue to work or accept
a disability pension. But this evidence is limited by the
substantial heterogeneity between the results of different
studies. This heterogeneity might be caused by the high
variability in the age of farmers, time periods to calculate
prevalences, differences in the use of machines to facili-
tate physically demanding work, daily working time and
maximal working time during season [51]. Moreover,
some authors propose that work with animal handling
might result in an additional immunological stimulation
of HOA in contrast to in crop production [52], but other
aspects like frequent walking on uneven grounds could
also be considered in this context.

Nearly all studies stated an increased risk for HOA by
driving vehicles where whole body vibrations may dam-
age cartilage resulting in osteoarthritis. However stated
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risk increases were heterogeneous. The strength of the
vibration transmitted to the skeleton depends on many
factors including the vehicle itself, the surface, the sit-
ting posture and whether damping has been built into
the seat. In addition, construction machinery and agri-
cultural vehicles cause higher levels of vibration than
passenger cars. Our results are in line with the results of
a German case—control study [19] which found a rela-
tionship between heavily vibrating vehicles and the risk
of lumbar disc herniation as well as symptomatic lumbar
disc narrowing.

We additionally identified a remarkable risk increase
of unskilled and basic level workers compared to work-
ers with higher education (RR 1.89; 95%-CI 1.29 to 2.77).
These workers are frequently exposed to lifting heavy
loads and carrying out physically demanding repetitive
work for long periods due to the specialization of many
functions in farming [36] and other jobs. Unskilled work-
ers usually have limited possibilities to adjust their work
environment to prevent early sick leave, hospitalization
and disability retirement due to HOA. These socioeco-
nomic and resulting health inequality differences have
been documented in several studies [53, 54].

The results of this review support the need for
advanced preventive measures especially in the affected
occupational groups in agriculture, construction and
food production. Workplace risk assessments regard-
ing manual handling of (heavy) loads, the job-related
need of repetitive body movements and intensive-load
working postures like forward trunk inclination and tor-
sion, kneeling, squatting, other manual demanding tasks
like pushing and pulling of loads and exposure to vibra-
tions should consider HOA as an adverse health effect.
Long lasting, highly intensive, biomechanical or physi-
cal workload is associated with a wide range of clinical
outcomes, mostly degenerative changes [55]. Therefore,
preventive measures are mostly not specific to reduc-
ing a single adverse health effect like HOA. Evidence
from this review may provide support to offer special
preventive strategies and tools to reduce workload, to
improve technical equipment and organizational aspects
and workers’ knowledge to tackle the demands in these
occupations with a high risk to develop HOA. Preventive
occupational medicine should include examination of
the hip after no more than 15 to 20 years in the identi-
fied physically demanding occupations. Early detection
and management of HOA might prevent or delay hospi-
tal admissions, support return to work and rehabilitation
efforts [9], and avoid severe consequences like total hip
replacement, disability retirement or occupational dis-
ease claims due to HOA.
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Limitations

The precision of our results is reduced by heterogeneity
of exposed occupational groups with intensive physical
strain and non-exposed reference groups. Development
of HOA was measured with very different diagnoses
including clinical and radiological criteria, THR and
disability pension. Some of these endpoints do not
include all cases of HOA. This substantial heterogene-
ity of exposures and diagnosis of HOA resulted in a low
precision with a broad range of results. Finally, BMI as
important confounder was not.

Our systematic review is restricted to studies with
publications in English and German language. Thus, we
might have missed studies published in other languages
including Chinese and Russian. Despite these limita-
tions, we were able to identify a number of occupations
with an increased risk to develop HOA.

Conclusion

Occupations with high physical workload to manu-
ally handle heavy loads, with intensive-load working
demanding postures, repetitive activities or exposures
to vibrations increase the risk of HOA with resulting
pain, sick leave, hospital admissions, THR and disabil-
ity retirement. Evidence from this review may support
the discussion to define HOA as an occupational dis-
ease and to develop special preventive strategies and
technical equipment to reduce the impact of mechani-
cal occupational exposure at work sites with high phys-
ical strain .
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