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Abstract

Objective Within the scope of the Exposome Project for Health and Occupational Research on applying the exposome concept
to working life health, we aimed to provide a broad overview of the status of knowledge on occupational exposures and associ-
ated health effects across multiple noncommunicable diseases (NCDs) to help inform research priorities.

Methods \We conducted a narrative review of occupational risk factors that can be considered to have “consistent evidence
for an association,” or where there is “limited/inadequate evidence for an association” for 6 NCD groups: nonmalignant respira-
tory diseases; neurodegenerative diseases; cardiovascular/metabolic diseases; mental disorders; musculoskeletal diseases; and
cancer. The assessment was done in expert sessions, primarily based on systematic reviews, supplemented with narrative
reviews, reports, and original studies. Subsequently, knowledge gaps were identified, e.g. based on missing information on ex-
posure-response relationships, gender differences, critical time-windows, interactions, and inadequate study quality.

Results \We identified over 200 occupational exposures with consistent or limited/inadequate evidence for associations with one
or more of 60+ NCDs. Various exposures were identified as possible risk factors for multiple outcomes. Examples are diesel
engine exhaust and cadmium, with consistent evidence for lung cancer, but limited/inadequate evidence for other cancer sites,
respiratory, neurodegenerative, and cardiovascular diseases. Other examples are physically heavy work, shift work, and decision
latitude/job control. For associations with limited/inadequate evidence, new studies are needed to confirm the association. For
risk factors with consistent evidence, improvements in study design, exposure assessment, and case definition could lead to a
better understanding of the association and help inform health-based threshold levels.

Conclusions By providing an overview of knowledge gaps in the associations between occupational exposures and their health
effects, our narrative review will help setting priorities in occupational health research. Future epidemiological studies should pri-
oritize to include large sample sizes, assess exposures prior to disease onset, and quantify exposures. Potential sources of biases
and confounding need to be identified and accounted for in both original studies and systematic reviews.

Key words: aetiology; epidemiology; exposome; occupational health.

What's Important About This Paper?

Many occupational exposures have been studied in relation to noncommunicable diseases, but estimates of the global
burden of occupational disease are still largely underestimated due to gaps of knowledge on occupational exposures and
related diseases. We here provide a broad overview of known risk factors of occupational NCDs. Bringing together these
various health outcomes (including respiratory, cardiovascular, neurodegenerative and musculoskeletal diseases, as well
as mental disorders and cancer) provides a much-needed resource for occupational health researchers. This study will help
setting priorities in occupational health research for multiple noncommunicable diseases.

In middle- and high-income countries,noncommunicable
diseases (NCD) make up nearly all occupational diseases,
with common groups being cancers and respiratory, car-
diovascular, neurodegenerative and musculoskeletal dis-
eases, as well as mental disorders (Driscoll et al. 2014;
Takala et al. 2014; Stanaway et al. 2018; Rehm and
Shield 2019; WHO/ILO 2021). It is well-known that ex-
ternal factors play an important role in the causation or
exacerbation of NCDs, and various occupational expos-
ures have been studied in relation to NCDs. Examples
are dust and chemical exposures linked to respiratory
disease and cancer, and heavy lifting and vibrations
linked to musculoskeletal diseases. Estimates of the
global burden of occupational disease based on these
studies vary between 5% and 7% of premature mor-
tality, translating to about 2 million deaths each year
(Rushton 2017).

These estimates, which are based on associations
between single known risk factors and NCDs (mainly
driven by cancer and circulatory diseases), likely
underestimate the total burden given that exposure-
disease associations may involve multiple exposures
from the workplace. For example, the global indicator
for the occupational burden of disease, as published in
2023, was based on only 21 pairings of occupational
risk factors and diseases (Pega et al. 2023). Most of
these well-known associations have been observed in
studies in settings with relatively high exposure levels,
as the effects of low-level exposures are yet largely un-
known. Major data gaps also exist on the exposures
with smaller effect magnitudes, which may not have
been identified as risk factors due to low study quality
and limited exposure assessment. Moreover, not all
possibly relevant diseases have been taken into account
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in the occupational burden of disease estimations, such
as neurodegenerative diseases, since evidence of associ-
ations with occupational exposures may yet be insuffi-
cient. Lastly, knowledge regarding vulnerable groups is
limited (Stiicker et al. 2017), and the estimated burden
of occupational diseases shows that we are still not
effectively preventing work-related diseases based on
current knowledge.

For implementation of more effective measures
to prevent occupational diseases, more holistic and
diversity-sensitive risk characterization is needed.
The “exposome” incorporates all nongenetic risk fac-
tors experienced during a person’s life (Wild 2005),
and has been recognized to have a dominant role in
the chronic disease burden (Vermeulen et al. 2020). In
the Exposome Project for Health and Occupational
Research (EPHOR) (Pronk et al. 2022) we apply the
exposome concept to working life health to overcome
some of the aforementioned challenges.

The objective of this paper was to provide an over-
view of the status of knowledge on occupational
exposures in relation to common NCDs. Via this pro-
cess, we aim to highlight knowledge gaps to inform
priority setting in occupational health research and
guide the development of new research questions in
the EU-EPHOR project and in occupational health re-
search in general.

Methods

We conducted a narrative review on the status of know-
ledge in the associations between occupational expos-
ures and their hypothesized health effects. We selected
6 major NCD groups: nonmalignant respiratory dis-
eases; neurodegenerative diseases; cardiovascular
and metabolic diseases; mental disorders; musculo-
skeletal diseases; and cancer. For each disease group,
expert sessions were held with occupational health re-
searchers from the EPHOR project. The experts were
epidemiologists (both junior and senior researchers)
with specific interests and expertise in the respective
NCD. Based on occurrence, severity, and the possible
importance of work-related exposures, the most rele-
vant diseases and disorders within each group were
selected. Regular meetings between the expert group
leaders were held to align efforts, coordinate literature
searches, and discuss findings.

Given the broad scope of diseases and exposures,
a systematic review was not feasible. Hence, we con-
ducted a comprehensive narrative review for each
exposure-disease combination, which information
was then assessed by the occupational health experts
in each NCD group. Systematic reviews and meta-
analyses were considered most informative and were
therefore, where possible, used as the basis for the
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current overview. If such information was not avail-
able, we included additional sources such as narra-
tive reviews, reports, and original studies. For cancer,
a longstanding comprehensive evaluation program
exists: the International Agency for Research on
Cancer (IARC) monographs on the identification of
carcinogenic hazards to humans. Hence, the cancer ex-
pert group summarized the IARC evaluations.

The status of knowledge on exposure-disease as-
sociations was classified into 2 categories: 1) “con-
sistent evidence for an association” when indicated by
state-of-the-art reviews; and 2) “limited or inadequate
evidence for an association” if reviews concluded
that the evidence for association was weak or insuffi-
cient, when only few original studies were published,
or when there was disagreement between the reviews
regarding the evidence for the observed association.
This classification was inspired by the JARC mono-
graph preamble (Samet et al. 2020), and discussions
on the classification were held within the NCD expert
groups as well as across NCD groups among the ex-
pert group leaders.

Based on the reviewed literature, knowledge gaps
were identified and described for the various exposure-
disease combinations during discussions in the ex-
pert sessions. We focused on key topics that would
be needed in occupational epidemiological studies to
increase the current understanding of the disease aeti-
ology, including exposures-response quantification, sex
differences, critical exposure-time-windows, and ex-
posure interactions, as well as improved study designs
(including better control for confounders), disease
identification, and exposure assessment.

Results

Status of Knowledge on Associations

Tables 1-5 present the status of knowledge for the
exposures that are suspected to be associated with
nonmalignant respiratory diseases; neurodegenerative
diseases; cardiovascular and metabolic diseases; mental
disorders; and musculoskeletal diseases. For cancer, the
overview based on the IARC evaluations is shown in
Supplementary Table S1. Below we summarized the
findings per disease group, as described in the tables.
Supplementary Tables S2-S6 show this information
grouped by exposure type (i.e. chemical and biological
agents; physical exposures; biomechanical exposures;
psychosocial and organizational exposures; and spe-
cific occupations, industries, and processes), with the
full list of references. In a heatmap, we visualized the
evidence for the associations between occupational ex-
posures that were relevant for more than one of the
major disease groups, for a selection of NCDs to dem-
onstrate the overlap (Fig. 1).
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Nonmalignant Respiratory Diseases

There is consistent evidence that exposures to various
types of dust (both mineral and biological) and fumes

Table 1. Occupational risk factors for non-malignant respiratory diseases.
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are risk factors for chronic obstructive pulmonary
disease (COPD) (Table 1). For allergic asthma, both
high molecular weight (HMW) agents (e.g. flour,

Disease/health condition

Consistent evidence for association

Limited or inadequate evidence for
association

Chronic obstructive pulmonary
disease (COPD), excess lung
function decline

Allergic IgE-mediated asthma

Allergic non IgE-mediated
asthma

Acute irritant induced asthma
(formerly known as reactive
airways dysfunction syndrome,
RADS)

Low-dose repeated exposures to
irritant-induced asthma

Interstitial lung disease
(pneumoconiosis)

Chemical and biological exposures

Coal mine dust

Cadmium fume

Farming dust (grain)

Respirable crystalline silica

Textile dust (cotton, flax, jute)

Vapours, gases, dusts or fumes (VGDEF, non-
specified)

Welding fume

Chemical and biological exposures

High molecular weight (HMW) allergens
(flour fish and animal proteins, enzymes, mites)

Some low molecular weight (LMW) allergens
(e.g. platinum salts; phthalic anhydride, wood
dust from western red cedar and pine)

Some wood dusts and plants (e.g. obeche, psyl-
lium, latex)

Chemical and biological exposures
Endotoxin

Isocyanates

Western red cedar

Chemical and biological exposures
Irritants (gas, smoke, fumes, vapours)

Chemical and biological exposures
Chemicals

Chlorine gas

Cleaning agents and disinfectants
Combustion particles/fumes
Fluoride (aluminium production)
Irritant gases/fumes

Chemical and biological exposures

Asbestos

Beryllium

Coal dust

Hard metal (e.g. tungsten carbide, cobalt) respir-
able crystalline silica

Chemical and biological exposures
Alcohol

Asphalt emissions

Cement dust

Coke oven emissions

Disinfectants

Endotoxin

Engine exhaust, diesel
Formaldehyde

Glutaraldehyde

Hypochlorite bleach

Hydrogen peroxide

Pesticides

Quaternary ammonium compounds
Rubber process dust

Wood dust

Occupation, industry, and process
Glass/ceramics production
Petroleum production

Tunnel work

Chemical and biological exposures

Drugs (e.g. opiates, antibiotics)

Insects

Molluscs

Moulds

Some wood dust and plants (e.g. pine, beech,
oak, iroko, tobacco, paprika, coffee)

Chemical and biological exposures

Drugs (e.g. opiates, antibiotics)

Metals

Moulds

Some wood dust and plants (e.g. pine, beech,
oak, iroko, tobacco, paprika, coffee)

Chemical and biological exposures
Solvent vapours

Chemical and biological exposures

Metals (tin, iron, copper, cadmium, indium)
Non-silica coal dust

Nylon

Talc
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Disease/health condition

Consistent evidence for association

Limited or inadequate evidence for
association

Interstitial lung disease (idio-
pathic pulmonary fibrosis)

Sarcoidosis

Hypersensitivity pneumonitis

Chronic rhinosinusitis

Chronic/irritant/perennial
rhinitis

Allergic rhinosinusitis/rhinitis
and hay fever

Chemical and biological exposures

Metalworking fluids (water-based, microbial
contamination)

Mould/fungus and mites (e.g. mouldy hay,
dry sausage dust, flour dust)

Proteins from birds

Chemical and biological exposures
Irritants

Chemical and biological exposures
Enzymes

Fish and animal proteins

Flour

Mites

Some low molecular weight (LMW) allergens (e.g.

platinum salts; phthalic anhydride)
Some wood dust and plants (e.g. obeche, latex)

Chemical and biological exposures

Metal dust

Stone/sand/silica dust

VGDF (vapours, gases, dust, and fumes)

Wood dust

Occupation, industry, and process

Agriculture/livestock

Hairdressing

Raising birds

Chemical and biological exposures

Agricultural dust

Cotton dust

Pesticides

Metal dust

Mineral fibres

Mould/mildew

Respirable crystalline silica

Wood dust

Occupation, industry, and process

Automobile manufacturing

Fire fighting

Military personnel

Raising birds

Chemical and biological exposures

Fluor

Fluorocarbon

Isocyanates

Marine biomolecules (salmon, shrimp
powder)

Styrene

Waterproofing spray

Wood dust (pine, medium density fibreboard
(MDF))

Chemical and biological exposures
Viral infection

Psychosocial exposures
Psychosocial factors

Chemical and biological exposures
Ammonia

Bleach

Chlorine gas

Cleaning agents

Hydrochloric acid

Hydrogen sulphide

Nitrogen hydroxide

Solvents

Chemical and biological exposures
Drugs (e.g. opiates, antibiotics)

Supplementary Tables S$2-S6 show this information grouped by exposure type, with the full list of references.
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Table 2. Occupational risk factors for neurodegenerative diseases.
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Disease/health condition

Consistent evidence for association

Limited or inadequate evidence for association

Physical exposures
ELF-MF

Amyotrophic lateral sclerosis

Occupation, industry, and process

Military service

Parkinson’s disease

Parkinsonism
Manganese

Dementia

Multiple sclerosis

Chemical and biological exposures
Pesticides (incl. paraquat and rotenone)

Chemical and biological exposures
Metals (incl. lead, cadmium)
Pesticides

Respirable crystalline silica
Solvents

Viral infection

Physical exposures

Electric shock

Trauma

Biomechanical exposures:
Physical activity

Chemical and biological exposures

Hydrocarbons (incl. solvents, such as tri-
chloroethylene)

Metals (incl. lead)

Physical exposures

ELF-MF

Head trauma

Chemical and biological exposures

Chemical and biological exposures
Metals (incl. cadmium, aluminium)
Pesticides

Solvents

Physical exposures

ELF-MF

Head trauma

Noise

Psychosocial exposures

Job complexity

Job control

Organizational exposures

Night shift work

Chemical and biological agents
Organic solvents
Organizational exposures
Night shift work

ELF-MF: extremely low-frequency magnetic fields.

Supplementary Tables S2-S6 show this information grouped by exposure type, with the full list of references.

fish, and animal proteins) and low molecular weight
(LMW) agents (e.g. platinum salts, di-isocyanates, and
phthalic anhydride) have been identified as risk fac-
tors. Several HMW and LMW agents are also known
to be able to cause allergic rhinitis and rhinosinusitis,
both in child- and adulthood. Asthma can also be
caused by irritant exposures (irritant-induced asthma
(ITA)), with strong evidence for new-onset asthma
occurring suddenly following exposure to high con-
centrations of irritants. More recently, evidence has
emerged that repeated exposure to irritants at lower
levels can also cause IIA, with onset after a latency
period (Dumas and Le Moual 2016), most clearly for
cleaning agents (Archangelidi et al., 2021; Dumas,
2021).

Interstitial lung disease is a heterogenous group of
diseases characterized by inflammation and fibrosis.
Inhalation exposure to asbestos, silica, coal dust, beryl-
lium, and hard metals are risk factors with consistent
evidence for pneumoconiosis. Hypersensitivity pneu-
monitis is associated with exposures such as bacteria,
fungi, animal and plant proteins, and metals, with
various levels of evidence. For idiopathic pulmonary
fibrosis (IPF) there is limited/inadequate evidence for
associations with exposure to dust from metal, wood,
stone, sand, and silica, as well as with exposures related
to agriculture and livestock, questioning the classifica-
tion as idiopathic. Evidence is yet limited/inadequate
for associations between sarcoidosis and exposures to
various dusts including silica and agricultural dust.
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Table 3. Occupational risk factors for cardiovascular and metabolic diseases.

Peters et al.

Disease/health condition Consistent evidence for association

Limited or inadequate evidence for association

Hypertension Physical exposures
Noise

Stroke Organizational exposures
Long working hours

Ischemic heart disease Chemical and biological exposures
Asbestos
Carbon disulphide
Engine exhaust (incl. diesel)
Metals (arsenic, lead, cadmium)
Phenoxy acid containing TCDD
Respirable crystalline silica
Psychosocial exposures
Decision latitude/job control
Job strain
Organizational exposures
Long working hours

Diabetes mellitus (type 1 and 2)

Chemical and biological exposures
Asbestos

Metals (lead, cadmium, arsenic)
Psychosocial exposures
Effort-reward imbalance

Job strain

Organizational exposures:

Shift work

Chemical and biological exposures
Agrochemicals

Carbon disulphide

Metals (lead, mercury)

Phenoxy acids containing TCDD
Physical exposures

Ionizing radiation

Noise

Biomechanical exposures

Physical activity/physically heavy work
Psychosocial exposures:

Decision latitude/ job control
Organizational exposures

Shift work

Occupation, industry, and process
Electrolytic production of aluminium

Chemical and biological exposures

Benzo(a)pyrene

Carbon monoxide

Metals (methylmercury)

Metalworking fluids

Nitroglycerine

PAHs

Welding fumes

Dichloromethane

Physical exposures

Noise

Biomechanical exposures

Physical activity/physically heavy work

Psychosocial exposures

Effort-reward imbalance

Job insecurity

Psychosocial job demands

Social support

Organizational exposures

Shift work

Occupation, industry, and process

Electrolytic production of aluminium

Fire fighting

Paper production (using sulphate pulping process)

Chemical and biological exposures

Bisphenol A

Metals (copper, zinc, arsenic, selenium, molyb-
denum, cadmium, manganese, barium, lead)

Physical exposures

Noise

Vibration

Organizational exposures

Long working hours
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Disease/health condition

Consistent evidence for association

Limited or inadequate evidence for association

Gestational diabetes

Obesity Organizational exposures

Night shift work

Physical exposures

Noise

Vibration

Psychosocial and organizational exposures
Long working hours

Biomechanical exposures
Sedentary work
Psychosocial exposures:
Job strain
Organizational exposures
Long working hours
Shift work (any)

TCDD: 2,3,7,8-tetrachlorodibenzo-p-dioxin; PAH: polycyclic aromatic hydrocarbons.
Supplementary Tables S2-S6 show this information grouped by exposure type, with the full list of references.

Neurodegenerative Diseases

Few exposures have been reported as occupational
risk factors for neurodegenerative diseases with con-
sistent evidence, including extremely low-frequency
magnetic fields (ELF-MF) and military service for
amyotrophic lateral sclerosis (ALS), pesticides for
Parkinson’s disease, and manganese for parkinsonism
(Table 2).

Evidence is mixed for the effect of various metals
and solvents on neurodegenerative diseases, pos-
sibly because the exposure groups include diverse
substances with different properties. Among metals,
higher levels of cadmium in urine or blood are as-
sociated with Alzheimer’s disease and ALS in the
general population. However, it is unknown if this
relationship is also present among persons exposed
to cadmium in the workplace, as biological cad-
mium concentrations may be a proxy for smoking.
Occupational exposure to lead has been suggested as
a risk factor for both ALS and Parkinson’s disease,
but results are yet inconclusive.

Risk factors such as head traumas and possibly also
night shift work may increase dementia risks via ef-
fects on toxic proteins (e.g. hyperphosphorylated tau)
in the brain. Some work characteristics, such as high
job control and cognitive complexity, are suspected
to be protective against dementia. However, more
work is needed to disentangle these factors from other
socio-economic factors to confirm their individual ef-
fects.

Cardiovascular and Metabolic Diseases

There is consistent evidence for the association be-
tween noise exposure and hypertension, while evidence
is limited/inadequate for associations with job strain,
effort-reward imbalance, metals, asbestos, and shift
work (Table 3). There is consistent evidence for the

association between long working hours and stroke.
There is limited/inadequate evidence that workplace
exposures to metals, various chemicals, ionizing radi-
ation, noise, physically heavy work, shift work, as well
as decision latitude/job control, are associated with
stroke.

There is consistent evidence for an increased risk of
ischemic heart disease (IHD) for workers who experi-
ence high job strain, low decision latitude/job control,
and long working hours. There is limited/inadequate
evidence for an increased IHD risk among workers
with physically heavy work, effort-reward imbalance,
little social support at work, injustice or insufficient
opportunities for personal development, job inse-
curity, and those who work night shifts, as well as
those who are exposed to noise. Consistent evidence
for increased risks of IHD was also found for work-
place exposure to silica dust, asbestos, engine exhaust
(including diesel), metals (lead, arsenic, cadmium),
phenoxy acids containing 2,3,7,8-tetrachlordibenzo-
p-dioxin (TCDD), and carbon disulphide. Limited/
inadequate evidence for associations with IHD exists,
among others, for exposure to metalworking fluids,
carbon monoxide, polycyclic aromatic hydrocarbons,
welding fumes, and noise, as well as working with
electrolytic production of aluminium or the produc-
tion of paper when the sulphate pulping process is
used.

There is limited/inadequate evidence for associations
between exposure to noise, vibration, metals, bis-
phenol A, and long working hours and an increased
risk of type 1, type 2, or gestational diabetes. Obesity,
a marker of metabolic disease, has been associated
with night shift work with consistent evidence, and
there is limited/inadequate evidence for an association
with experienced job strain, sedentary work, and long
working hours.
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Table 4. Occupational risk factors for mental disorders.
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Disease/health condition

Consistent evidence for association

Limited or inadequate evidence for association

Burnout Psychosocial exposures
Aggression by customer
Bullying

Decision latitude
Emotional demands
Psychosocial demands
Social support
Violence, threats

Depression Psychosocial exposures
Bullying
Effort-reward imbalance

Emotional demands

Decision latitude/ Job control

Job strain

Social support

Violence, threats

Job insecurity
Organizational exposures
Shift work

Long working hours

Anxiety Psychosocial exposures

Bullying

Suicide ideation Psychosocial exposures
Bullying

Decision latitude

Job insecurity
Psychosocial demands

Social support

Suicide
Pesticides

Chemical and biological exposures

Psychosocial exposures:

Aggression by co-workers or supervisor
Effort-reward imbalance

Job insecurity

Organisational injustice

Psychosocial exposures
Development possibilities
Procedural injustice
Psychosocial demands
Relation injustice

Skill discretion

Workplace conflicts
Organizational exposures:
Night work

Temporary employment

Psychosocial exposures
Job insecurity

Temporary agency work
Violence

Organizational exposures
Shift work

Working hours

Psychosocial exposures
Effort-reward imbalance
Job strain

Role conflict
Organizational exposures
Shift work

Working hours

Psychosocial exposures
Decision latitude
Psychosocial demands
Social support

Supplementary Tables S2-S6 show this information grouped by exposure type, with the full list of references.

Mental Disorders

Anxiety has shown to be consistently associated with
bullying, whereas the evidence for an association
with violence, job insecurity, temporary agency work,
working hours, and shift work is limited/inadequate
(Table 4).

There is consistent evidence for an association be-
tween burnout for aggression at work by customers,
violence or threats, bullying, low decision latitude, high
emotional demands, high psychosocial demands, and
low social support. There is limited/inadequate evi-
dence for burnout with aggression by co-workers or
supervisors, organizational injustice, lack of rewards,
and high job insecurity.

The risk factors with consistent evidence for de-
pression are bullying, violence or threats, effort-
reward imbalance, high emotional demands, low
decision latitude/job control, high job strain, low
social support at work, job insecurity, shift work,
and long working hours. Associations with job strain
and working hours did not differ by age, sex, or
socioeconomic position (Madsen et al. 2017; Virtanen
et al. 2018; Wong, Chan, and Ngan 2019), whereas
stronger associations between job insecurity and de-
pression were reported for younger workers (Kim
and von dem Knesebeck 2016). There is limited/
inadequate evidence that increased risk of depres-
sion is associated with low development possibilities,
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relational injustice, procedural injustice, high psycho-
social demands, low skill discretion, and workplace
conflicts as psychosocial factors, as well as for tem-
porary employment and night work.

Table 5. Occupational risk factors for musculoskeletal diseases.
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Several psychosocial work factors (decision latitude,

psychosocial job demands, and lack of social support)
for which consistent evidence exists on associations
with suicide ideation, were also suspected risk factors

Disease/ health ~ Consistent evidence for association
condition

Limited or inadequate evidence for association

Knee osteoarth-  Biomechanical exposures

ritis Heavy lifting
Kneeling and squatting in combination
Physically heavy work

Hip osteoarth- Physical exposures

ritis Whole body vibration (in men)
Biomechanical exposures
Heavy lifting

Hand/wrist

osteoarthritis

Subacromial pain Biomechanical exposures
syndrome Arm elevation (hands at or above shoulder
level)
Combined biomechanical exposures
Forceful shoulder exertion (e.g. lifting/carrying
and pushing/pulling)

Sciatic pain

Sciatica

Biomechanical exposures

Climbing stairs

Kneeling

Lifting and carrying heavy loads in combination
Lifting and kneeling/squatting in combination
Standing

Biomechanical exposures

Kneeling and squatting in combination

Lifting and carrying heavy loads in combination
Standing

Physical exposures
Hand-arm vibration
Biomechanical exposures
Forceful hand movement
Highly repetitive hand tasks

Physical exposures

Hand-arm vibration
Biomechanical exposures
Repetitive shoulder movement
Psychosocial exposures

Job control/decision latitude
Psychosocial job demands
Social support

Physical exposures

Whole-body vibration, professional driving
Biomechanical exposures
Kneeling/squatting

Manual material handling (lifting, carrying, pushing/pulling)
Physically heavy work

Sitting at work

Spinal loading

Trunk flexion, twisting of the trunk
Working with hands above shoulder level
Psychosocial exposures:

Job control

Job demands

Job satisfaction

Social support

Underutilization of skills and expertise
Organizational exposures

Irregular or long working hours

Physical exposures

Whole-body vibration, professional driving
Biomechanical exposures

Kneeling/squatting

Lifting and bending of the trunk

Lifting and carrying

Physically heavy work

Sitting at work (not driving)

Twisting of the trunk, bending and twisting of the trunk
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Table 5. Continued

Peters et al.

Disease/ health Consistent evidence for association

condition

Limited or inadequate evidence for association

Physical exposures

Whole-body vibration

Biomechanical exposures

Awkward trunk posture, including bending
Combined biomechanical exposures

Heavy lifting

Manual material handling/patient handling
Psychosocial exposures

Job control

Job dissatisfaction

Job strain

Psychosocial job demands

Non-specific low
back pain

Physical exposures
Hand-arm vibration
Biomechanical exposures
Hand force

Repetitive movement

Carpal tunnel
syndrome

Biomechanical exposures
Carrying, pushing, or pulling
Kneeling/squatting
Physically heavy work
Repetitive movement

Sitting at work

Standing (alone or in combination with walking)
Psychosocial exposures
Effort-reward imbalance
Highly monotonous work
Job insecurity

Social support

Chemical and biological exposures
Chemicals (non-specific)

Physical exposures:

Working in a cold environment
Biomechanical exposures
Computer work

Extended/flexed wrist
Psychosocial exposures

Job control

Psychosocial work demands

Supplementary Tables S2-S6 show this information grouped by exposure type, with the full list of references.

for actual suicide, but with limited/inadequate evi-
dence. There was consistent evidence for an association
between exposure to pesticides and suicide.

Musculoskeletal Diseases

The associations between heavy lifting and osteoarth-
ritis (knee and hip osteoarthritis), and nonspecific low
back pain have been consistently reported in the lit-
erature (Table 5). So have manual material handling
for low back pain and forceful shoulder exertion and
arm elevation for subacromial pain syndrome. There
is limited or inconsistent evidence for associations
with osteoarthritis and nonspecific low back pain for
more specific tasks, such as climbing stairs (knee osteo-
arthritis), standing and walking (knee and hip osteo-
arthritis, and nonspecific low back pain), kneeling
(knee osteoarthritis, nonspecific low back pain), and
highly repetitive tasks (hand/wrist osteoarthritis and
nonspecific low back pain). There is also limited/in-
adequate evidence for associations with subacromial
pain syndrome for hand-arm-vibration and repetitive
shoulder movements.

There are no occupational exposures with consistent
evidence for associations with either sciatica or sciatic
pain, but there is limited/inadequate evidence for as-
sociations with physically heavy work, trunk flexion/
twisting, manual material handling, lifting, spinal
loading, whole body vibration, working with hands

above shoulder level, kneeling/squatting, bending of
the trunk, and sitting at work. Hand force, repetitive
movements, and hand-arm vibration are associated
with carpal tunnel syndrome with consistent evidence.
Evidence for associations between carpal tunnel
syndrome and extended/flexed wrist, computer work,
psychosocial exposures, cold environment, and chem-
icals is limited/inadequate.

A role of psychosocial exposures (including job de-
mands, job control, and social support) has been sus-
pected for subacromial pain syndrome, sciatic pain,
and carpal tunnel syndrome, but with limited/inad-
equate evidence for an association. For nonspecific low
back pain, there is consistent evidence for associations
with job control, job dissatisfaction, job strain, and
psychosocial job demands.

Cancer

Among the approximately 1000 agents evaluated since
1971, IARC has identified 47 occupational agents with
consistent evidence for an association for one or more
cancer types (“Group 1 agents”), which are listed in
Supplementary Table S1 (Loomis et al. 2018; Marant
Micallef et al. 2018; IARC n.d.). Lung cancer has been
associated with the largest number of occupational car-
cinogens (n = 19), followed by cancer of the skin (1 =
8), the haematolymphatic system (n# = 7), the urinary
bladder (7 = 6), bone (7 = 5), and nasal cavity and
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Cancer Non-malignanty

respiratory diseases

Chemical/biological exp es

Neurodegenerative |Cardiovascular and
diseases

Musculoskeletal
diseases

Mental disorders

metabolic diseases

Arsenic
Asbestos
Beryllium
Cadmium
Diesel exhaust
Formaldehyde
Metals (non-specific)
Pesticides (non-specific)
Silica
Solvents
Styrene
Welding fumes
Wood dust
Physical exposures
Noise
Vibration
Physical heavy work
Psychosocial/organisational exposures
Decision latitude/Job control
Effort-reward imbalance
Job insecurity
Job strain
Psychological job demands
Social support
Shiftwork
Working hours (long/irregular)

Disease/disorder

I consistent evidence for association
Limited or inadequate evidence for association

Figure 1. Heatmap of the evidence for a selection of exposure-disease associations, demonstrating the overlap in relevant occupational
exposures. (NB: we here visualized the overlap for a selection of the NCDs and exposures that we reviewed, the white spaces do not

suggest that there is no association).

paranasal sinus (7 = 5). The 47 established carcinogens
can be further classified into chemicals (7 = 15) and
chemical mixtures (7 = 4), radiation and radionuclides
(n = 12), airborne particles (7 = 9), airborne complex
mixtures (7 = 2), and metals and metal compounds (7 =
5). The primary routes of exposure are inhalation and
dermal uptake. Additionally, 13 occupations, industries,
and processes (e.g. rubber manufacturing or working
as a painter) were identified as causally associated with
cancer, though the specific agents were not identified.
Limited evidence for an association with cancer exists
for an additional 19 occupational agents or exposures
(classified by IARC as probable carcinogenic to humans
[Group 2A]). For these exposures, a positive association
has been observed but limitations remain in the overall
body of evidence including questions on chance, bias,
or confounding (Marant Micallef et al. 2018).

Discussion

More than 200 occupational risk factors (including
both specific exposures and broader categories of ex-

posures) have been reported for the 6 major disease
groups reviewed in this paper, in total covering over
60 NCDs. Several exposures were identified as possible
risk factors for multiple disease groups (a selection is
shown in Fig. 1). Examples are diesel engine exhaust
and cadmium, for which there is consistent evidence
for lung cancer and limited/inadequate evidence for
associations with other cancer sites, and with respira-
tory, neurodegenerative and cardiovascular diseases
(Supplementary Table S2). Another example is shift
work, which showed consistent evidence for an associ-
ation with mental disorders, and is also possibly asso-
ciated with cancer, as well as several neurodegenerative
and cardiovascular diseases (Supplementary Table S5).
Decision latitude/job control is consistently associated
with THD, burnout, depression, suicide ideation, and
nonspecific low-back pain, plus there are possible as-
sociations with dementia and stroke, among others
(Supplementary Table S5).

More knowledge is warranted for associations be-
tween occupational exposures and NCDs at all evi-
dence levels. Improvements in study design, exposure
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assessment, and case definition would be needed for
associations with limited/inadequate evidence, to
reach consistent evidence on causation. Regarding
occupational risk factors with consistent evidence, the
underlying mechanisms can be better understood by
improving the study quality to explore exposure-re-
sponse relationships and critical exposure-time-win-
dows, for example. Furthermore, better understanding
of the association will help inform health-based occu-
pational exposure limits. We here describe the needs
for further research on occupational risk factors for
NCDs.

Study Design

Due to long latency periods, the exact onset is un-
known for many NCDs, in particular for cancer and
neurodegenerative diseases. The disease process may
start much earlier than the initial appearance of symp-
toms. Due to such preclinical effects, results from
case—control studies may also be affected by reverse
causation. Parkinson’s disease, e.g. has a long pro-
dromal phase characterized by symptoms, such as con-
stipation and sleep disorders, that might be present up
to 20 years before diagnosis (Savica et al. 2009). Such
symptoms are likely to affect medication and lifestyle,
such as diet and physical activity, but potentially also
occupational exposures, such as changes in night shift
work (Ascherio and Schwarzschild 2016). The inverse
association between high job control and cognitive
complexity in dementia may also be driven by re-
verse causation. The same limitations apply to mental
health problems, which usually start in the first half
of people’s lives (the median age of first episodes of
anxiety is in the teens and for depression in the mid-
thirties). Most epidemiological studies on occupational
health, however, include middle-aged workers, and re-
versed causality cannot be ruled out for some expos-
ures and outcomes. For instance, bullying can lead to
depression, but depressed people might also be more
vulnerable to bullying (Boudrias, Trépanier, and Salin
2021). Hence, a prospective cohort study design would
improve the identification of risk factors for many
NCDs.

There is a general need for improved harmonization
and coordination of epidemiological studies in occupa-
tional health (Marant Micallef et al. 2018; Turner and
Mehlum 2018). Recently, large-scale pooling efforts
have provided larger power to examine cancer risks.
Pooling case—control studies and enhanced exposure
assessment provided more detailed data on exposure—
response relationships, including associations at low
levels of exposure, interactions with smoking, and on
more specific cancer subtypes (Ge et al. 2020; Hovanec
et al. 2021). Furthermore, large-scale and multicentre
studies have been used to examine rare outcomes,
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including male breast cancer (Sritharan et al. 2019)
and other rare cancers (Lynge et al. 2020). Such ap-
proaches could also be applied to other NCDs, where
large numbers may help to detect relatively low-effect
risk factors and to enable the investigations of more
in-depth analyses of occupational risk factors with
consistent evidence of an association.

Exposure Assessment

Overall, the lack of evidence of causality for many pos-
sible associations may be attributed to inadequate ex-
posure assessment methods. Better assessment of the
suspected causative agent is needed to ensure health-
based occupational exposure limits as the basis for im-
plementation of exposure reducing measures, as well
as to further characterize the nature of the association.

Many studies rely on self-reported exposures col-
lected via interviews or questionnaires, which is prone
to recall bias (Rothman, Greenland, and Lash 2008).
Knowledge of disease diagnosis may affect the re-
porting of exposure, for example when someone has
osteoarthritis, carpal tunnel syndrome, or any type of
cancer. However, also the disease itself may affect the
memory or behaviour of patients. This effect may be
particularly true for Alzheimer's and other dementias,
but also for patients with depression, Parkinson’s
disease, or ALS with co-existing dementias. Future epi-
demiological studies should strive to assess exposures
before the disease onset, preferably quantifying the
relevant exposure with respect to duration, frequency,
and intensity level of the suspected causative agent.
Potential sources of biases and confounding need to be
identified and accounted for.

Moreover, similar concepts of exposure measures
have been differently operationalized, including refer-
ence to different time periods (e.g. from “current” to
“in the past year”) and application of different cut-off
points. For biomechanical exposures, e.g. there are a
limited number of studies with valid, objective physical
workload exposure measures repeated over time, and
there is large heterogeneity in the measurement and
definition of the exposures overall. It is recommended
to use validated and comparable exposure measure-
ment methods as well as harmonized definitions of ex-
posure and its metrics.

Longitudinal studies with good exposure data are
warranted to fill important knowledge gaps regarding
exposure-response relationships, critical exposure—
time-windows, and age- and sex-specific associations.
Since many occupational exposures co-exist, a major
challenge is to disentangle the effect of each as well
as estimate the potential interactive effects of com-
bined exposures. For asthma, e.g. there is a special
need to address the multitude of exposures present
in many work environments, including irritant and
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sensitizing agents. Few studies have been able to study
the potential interaction of these combined exposures;
some studies have investigated multiple occupational
airborne exposures and asthma or lung function de-
cline separately (Kogevinas et al. 2007; Skaaby et al.
2021), but without an assessment of the joint effect of
these exposures.

Some relevant occupational exposures may also
exist in residential settings, hence the knowledge
gained through environmental studies could be used
to interpret associations in occupational settings.
Examples include exposure to metals, cleaning prod-
ucts, noise, and physical activity. However, exposure
levels as well as mechanisms may differ. For example,
exposure to metals in industrial settings will generally
be at much higher levels than exposure to drinking
water. Furthermore, the health effects of noise ex-
posure (as reported for dementia and mental disorders,
for example) go partly through sleep disturbance in
residential settings, while in the workplace only an
awake response plays a role. Since the relevant levels
of exposure, the composition of compounds, and rele-
vant exposure routes and mechanisms may differ be-
tween settings, further exploration in occupational
settings will be needed for certain suspected occu-
pational risk factors. Such further exploration may
also be relevant for mental health, as suggestions for
associations with physico-chemical exposures in the
general environment have been reported (Dickerson
et al. 2020), whereas published occupational studies
on these health outcomes are primarily focused on
psychosocial and organizational exposures.

Case definition

A major challenge in NCD epidemiology is the various
definitions and criteria for the health outcome, particu-
larly for nonmalignant respiratory, neurodegenerative,
and musculoskeletal diseases, as well as mental dis-
orders.

For COPD, definitions range from self-reported
symptoms to spirometry and physician-diagnosis.
Consistently higher risk estimates for occupational
airborne agents have been reported for self-reported
versus spirometry-defined COPDs (Doney et al.
2019), suggesting bias in self-reported disease out-
comes. Collecting and using high-quality data from
postbronchodilator spirometry in future studies is
therefore important. The clinical, radiological, and
pathological findings for interstitial lung diseases may
be indistinguishable from one subtype to another, cre-
ating the risk of misclassification. Furthermore, the
definition of diseases by the presence or absence of
causal exposures (as for silicosis) precludes meaningful
investigation of the association between exposure and
disease. Thus, studies using objective measures of out-
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come are needed to avoid disease misclassification for
meaningful investigations of association.

The diagnosis of neurodegenerative diseases is
also complicated, and these diseases are largely
under-reported on death certificates. For example, re-
porting of dementia has improved over time, but still
less than half of dementia deaths are reported. Of those
that are reported, 70% are recorded as ‘unspecified” de-
mentia in England and Wales (Gao et al. 2018).

In studies on mental disorders, there are large dif-
ferences in the measurement of outcomes and cut-off
points and these are often not clearly described. For
instance, depression covers a broad spectrum, ran-
ging from depressive symptoms measured by a self-
administered questionnaire, to clinically diagnosed
depression. Moreover, depression can be both episodic
(nonchronic) and long-term (chronic), which makes it
important to assess the onset as well as the duration of
depression.

Osteoarthritis assessment is typically based on
valid and reliable methods, such as radiographic or
standardized clinical assessments, or a combination
of both. However, there is still large heterogeneity
across the studies in osteoarthritis outcome definitions
in terms of diagnostic criteria and severity, possibly
resulting in inconsistent evidence. Likewise, consider-
able heterogeneity was observed in the definition of
subacromial pain syndrome and assessment of carpal
tunnel syndrome, which adds challenges to the com-
parison of exposure-response relationships. Various
operationalizations of sciatica and sciatic pain have
been used, often involving self-reports. However,
more consistent evidence was found for associations
of occupational exposures with a more conservative
definition of carpal tunnel syndrome (Barcenilla et al.
2012) and clinically defined sciatica and sciatic pain
(SBU 2014; Kuijer et al. 2018), indicating the import-
ance of clinical data in the case definition (van der
Molen et al. 2021).

Towards an Exposome Approach

The exposome concept, incorporating all nongenetic risk
factors experienced during a person’s life, offers a more
holistic approach to investigating how occupational ex-
posures may eventually result in disease (Wild 20035).
To succeed, it is important to have an emphasis on de-
tailed external exposure characterization across a broad
range of occupational and nonoccupational factors
over the life course, consideration of critical exposure-
time periods and temporal variation of exposures, vul-
nerable subpopulations (including, but not limited to,
young workers, pregnant women, ageing workers, and
low-educated workers), and transgenerational health
effects (Bessonneau and Rudel 2019; Pronk et al. 2022).
Taking an exposome approach requires sufficiently
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large study populations with detailed information on
occupational exposures, as currently pioneered in the
EPHOR consortium (Pronk et al. 2022). Given the
constant movement of the workforce, the collection
of full work histories (i.e. all occupations a person had
including time period per occupation) is essential to
facilitate studying the role of occupational exposures
across the life course. For example, the inclusion of
data on individual occupations as a regular data field
in population-based health data, such as cancer registry
data, would be a major step forward.

Although there are many established associations
for cancers (Supplementary Table S1), the effects of
age and timing of exposure have virtually only been
reported for lung cancer (e.g. for chromium (Gibb
et al. 2020) and asbestos (Boffetta et al. 2019)), but
not yet for most other cancer sites. Few studies have fo-
cused on vulnerable subgroups or populations. For ex-
ample, workers in lower- and middle-income countries,
as well as female workers are typically understudied
(Stiicker et al. 2017). Some notable exceptions include
a study of occupational risk factors for lung cancer
in women (Xu, Ho, and Siemiatycki 2021), an inves-
tigation into cancer risk due to bystander or spousal
exposure to occupational agents (Jackson et al. 2017;
Louis et al. 2017), and studies of occupation and breast
and prostate cancer in the African continent (Adler
et al. 2019; Khalis et al. 2019). Recent studies have
further examined individual susceptibility to occupa-
tional carcinogens, including genetic susceptibility to
radon gas (Rosenberger et al. 2018) and asbestos (Liu
et al. 2015). For all NCDs, however, additional epi-
demiological studies examining potentially susceptible
subpopulations and timing of exposure are needed
(Kelly and Vineis 2014), both to provide stronger
evidence for associations and to improve our under-
standing of NCD aetiology.

Further research on mixtures and interactions is also
warranted (Nagy et al. 2020), as many health outcomes
are associated with multiple occupational exposures.
Approaches for these investigations are demonstrated
by previous studies considering both occupational and
environmental sources, including diesel engine exhaust
(Vermeulen et al. 2014), asbestos (Visona et al. 2018;
Panou et al. 2019; Huh et al. 2021), and ultraviolet
radiation (Vienneau et al. 2017). Recently, the inter-
action between various occupational lung carcinogens
has been described (Olsson et al. 2024). Knowledge of
the interrelation between different risk factors (Harvey
et al. 2017) is also needed to better understand the role
of psychosocial working conditions on mental health.
Specifically, research is needed on the effect of multiple
adverse exposures, while accounting for favourable fac-
tors (social support, reward, development possibilities)
which might have a mitigating effect on disease outcome.
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Internal exposome data further provide possibil-
ities to investigate biomarkers of occupational ex-
posures and early biological effects to add insight
into mechanisms in disease development and under-
standing of causal pathways (Vermeulen et al. 2020).
Triangulation of results from studies using different
approaches is gaining increasing importance in causal
inference (Lawlor, Tilling, and Davey Smith 2016). The
updated preamble to the IARC monograph program
also stressed the importance of integrating evidence
from different streams to identify the causes of human
cancer (Samet et al. 2020).

Furthermore, possible interrelations between health
outcomes should be considered. While mental disorders
are considered an outcome in the current review, it is
well-known that mental health problems can also be
a proxy or precursor for other diseases. For example,
burnout or depression might act as a proxy or precursor
for suicide ideation or suicide, but it is also of interest to
investigate the role of mental health in relation to car-
diovascular and musculoskeletal diseases. Although evi-
dence suggests a link between mental health and physical
disease later in life, there is also a bidirectionality in the
relationship (Kivimaki et al. 2020).

Conclusion

We conducted a narrative review, covering a wide range
of occupational risk factors for 6 major NCD groups.
This work was initiated from the EU-EPHOR project
on the working life exposome. While a more system-
atic approach would have been preferable, the broad
scope of occupational exposures and diseases did not
allow for a systematic review. Also, the variability in the
state of knowledge between the different disease groups
hampered a standard approach, e.g. the availability of
structured evaluations of the association of various oc-
cupational risk factors and cancer, based on dozens to
hundreds of studies, compared to very few studies on
occupational risk factors for neurodegenerative dis-
eases. Hence, we used discussions in expert sessions
to describe the status of knowledge from the literature
and to identify knowledge gaps. Nevertheless, we may
have missed publications, and we acknowledge that
the classification of the association into one of the 2
categories of evidence was not fully standardized across
the 6 major disease groups. However, our pragmatic
approach allowed us to provide a comprehensive over-
view for the occupational health research community,
describing the status of knowledge of exposure-disease
associations across various disease and exposure types,
and identifying areas for future research that are rele-
vant for almost all occupational NCDs.

Overall, we identified more than 200 occupational
exposures with possible associations with common
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NCDs. Various areas for improvement have been iden-
tified; a prospective cohort design and better specifi-
cation of exposures have been repeatedly suggested
for areas with limited/inadequate causal evidence
(Supplementary Tables S2-S6). Obtaining sufficient
evidence for suspected exposure-disease associations
will importantly improve estimates of the contribu-
tion of occupation to the global burden of diseases,
whose contribution is currently underestimated. In
areas in which there is already consistent evidence for
associations between exposures and diseases, further
exploration of the exposure-response relationships,
possible interactions between exposures, and critical
exposure-time-windows will enhance understanding of
the aetiologies, which in turn will inform health-based
occupational exposure limits. Furthermore, knowledge
regarding vulnerable groups is limited, whereas such
information is crucial for targeted and effective preven-
tion of work exposures leading to disease.

Finally, the provided overview of identified know-
ledge gaps in the understanding of adverse health ef-
fects of occupational exposures will optimize sound
priority setting and recommendations for new research
in occupational health.
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