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ABSTRACT
Introduction: This study provided a profile of work-related diseases in the farming sector notified
by physicians to the Norwegian Labor Inspection Authority’s (NLIA) Registry for Work-Related
Diseases (RAS) over a 10-year period.
Methods: Data for the occupational code “farmers” were extracted from RAS for the period
2007–2016. We performed a descriptive analysis to obtain frequency, percentage, and incidence
distribution of the data. We also explored the relationship of the notified diagnosis with gender,
age, occupational exposures and the type of reporting physicians.
Results: Four hundred and sixty-nine cases of work-related diseases among farmers were notified
in the period 2007–2016. Eighty-seven percent of the reported cases were males. The incidence of
work-related diseases for the entire study period was computed to be 114/100 000 workers. The
incidence and number of cases notified were highest among males and for the age group
55–74 years. Noise was the most frequently reported occupational exposure accounted for 291
cases. Hearing loss constituted for 62% of the notified cases, followed by respiratory diseases that
accounted for 20% of the cases. Forty-eight cases of skin diseases, while only a few cases of
musculoskeletal (n = 7) and mental disorders (n = 1) were notified. There was a strong association
(λ = 0.51) between occupational exposure and notified diagnosis, and a moderate association
(λ = 0.32) between type of reporting physician and the notified diagnosis.
Conclusion: This profile of the physician notified work-related diseases among farmers in Norway
yielded a suppressed estimate of the actual incidence of cases. The biased distribution of nature and
number of work-related diseases amongst farmers is primarily attributed to the significant under-
count of cases. Physician underreporting of cases to the NLIA coupled with lack of Occupational
Health Services coverage of workers in the farming sector contributes to this undercount of cases.
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Background

Farming remains the single most significant form
of employment in the world. Based on occupa-
tional injury and illness rates it is still regarded as
one of the most hazardous of occupations
globally.1,2 Farming as a means of employment
is unique compared to other occupations in terms
of variation of the work tasks, physical demands
and its organizational structure.3 Farmers are
typically exposed to a range of occupational
hazards, such as noise, dust, microbes, long work-
ing hours and chemicals.4

Improvements in technology coupled with the
growth of other trade sectors, such as manufactur-
ing and services, has gradually lead to the fall of

employment in the farming sector. In Norway, the
number of farms has fallen from about 150 000 in
1970 to about 40 000 as of 2016.5

Despite the reduction in farming activity and
improvements in technology, agriculture con-
tinues to remain a sector with a significant burden
of work-related injuries and diseases.6

Traumatic injuries are still a notable problem in
agriculture, and Norwegian occupational injury
data indicate a higher risk for workers in the farm-
ing sector compared to other sectors.2 However,
diseases attributed to hazardous physical, chemi-
cal, ergonomic and biological exposures, as well as
psychosocial risks in the farming sector remain
pertinent, yet a relatively under-profiled problem
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compared to traumatic injuries. Self-reported data
from the Norwegian Department of Occupational
Health Surveillance (NOA) indicates that farmers
still report traditional occupational exposures and
work-related health problems.7

FewNorwegian studies attempt to provide a profile
of work-related diseases among farmers.8–10 None of
these studies have utilized physician notified work-
related disease data from the Norwegian Labor
Inspection Authority’s (NLIA) Registry for Work-
Related Diseases (RAS).

In this study, we aim to provide a profile of
work-related diseases in the farming sector noti-
fied by physicians to NLIA over the 10-year period
2007–2016.

Methods

This study was based on physician notifications of
work-related diseases to RAS.11 NLIA utilizes this
registry for the purposes of surveillance and pre-
vention of work-related diseases. The functioning
and purpose of the registry has been described in
detail elsewhere.11

For the purpose of this study, the term work-
related disease comprises of those diseases that are
caused or worsened by work-related exposure. The
term “occupational disease” is applied only to those
diseases attributed to work that are stipulated as
compensable under the national regulations.

NLIA's registry contains information on diag-
nosis, relevant exposure factors, patient’s age, gen-
der, occupation and the professional designation
of the notifying physician (occupational health
physician, hospital physician, general practitioner,
municipal physician).

NLIA codes the diagnosis, exposures, and occupa-
tion for the patients based on the information
provided by the physician on the notification form.
Diagnosis is coded according to ICD-10, while
the exposures are coded based on the list of
exposure codes provided by the European Union’s
Occupational Diseases Methodology.12 Occupations
are coded according to the Norwegian Standard
Classification of Occupations (STYRK), that are
based on the International Standard Classification of
Occupations 2008.13

A farmer for this study was a person employed
in the farming sector who was registered with an

occupational code between 611 and 613 in RAS.
These occupational codes include workers engaged
in mixed crop and animal production; livestock,
dairy, and poultry production along with apiarists
and sericulturists. The cases notified to NLIA
could be both employees in the farming sector as
well as self-employed farmers.

Cases of work-related disease, notified by
a physician with a valid occupational code (occu-
pational code = farmer), age between 15 and
74 years, gender, occupational exposure, diagnosis,
and a year of notification between 2007 and 2016
were included in this study.

Descriptive statistics for age, gender, exposures,
and diagnosis were computed. We also calculated
the proportion of cases notified by each physician
type and the number of physicians within each
category who notified the cases.

Relationship between the notified diagnosis and
gender, age, exposure and the type of reporting
physician was explored utilizing a Pearsons Chi-
Square statistic (χ2). The strength of association
for these relationships was tested by computing
the lambda statistic (λ).

The incidence (notified cases per 100 000 workers)
was estimated using employment data (employees +
self-employed) retrieved from Statistics Norway. We
estimated annual incidence for the study period to
demonstrate the trend of notified cases. The analysis
was also performed for computing a 10-year inci-
dence rate.

Numbers in the analysis have been rounded off
to the nearest whole number. Statistical analysis
was performed in Microsoft Excel 2016 and IBM
SPSS version 25.

Results

During the ten-year study period, 2007–2016, 25
648 cases of work-related diseases were notified by
the physicians to the NLIA. Two percent of all
notified cases to the NLIA (n = 469) were farmers.

Figure 1 shows the incidence and number of
cases of work-related diseases among farmers noti-
fied annually. The number of cases notified ranged
from 26 to 66 per year while the incidence rate
varied between 68/100 000 workers in 2016 and
169/100 000 workers in 2013. The average annual
number of cases notified during the study period

2 Y. SAMANT ET AL.



(2007–2016) was 47. Eighty-seven percent (n = 408)
of the notified cases in the study period were males.
The incidence of work-related diseases for the
entire study period was computed to be 114/100
000 workers. The incidence among male workers
was 132/100 000 workers while it was 60/100 000
for females.

Figure 2 shows the incidence of work-related
diseases among farmers by age groups. The inci-
dence for notified cases was highest for the age
group 55–74 years (149/100 000 workers), and
lowest for the age group 15–24 years (16/100 000
workers). The number of cases notified during
the study period for the age groups 15–24 years,
25–39 years, 40–54 years and 55–74 years were 9,
56, 189 and 207, respectively.

Table 1 shows the distribution of the 469 noti-
fied cases by ICD-10 diagnosis chapter. We pro-
vide a more detailed description of the five most
frequently notified groups of diagnoses that
accounted for 95% (n = 446) of the cases.

Diseases of the ear comprised 62% of the cases,
while 20% were diseases of the respiratory system,
and 10% were attributed to diseases of the skin

and subcutaneous tissue. Ninety-nine percent
(n = 289) of the diseases of the ear were attributed
to noise-induced hearing loss. The remaining 1%
(n = 2) were attributed to tinnitus and unspecified
neurogenic hearing loss respectively.

Asthma accounted for the largest number of noti-
fied cases as they concerned the respiratory system
(41%; n = 38), and chronic obstructive pulmonary
disorders (COPD) comprised 25% (n = 23) of these
cases. Hypersensitive pneumonitis due to organic
dust constituted 20% (n = 18) of the cases, while
rhinitis, pharyngitis, and other respiratory disorders
comprised the remaining cases. Most of the notified
cases of the skin and subcutaneous tissue among
farmers concerned contact dermatitis (91%; n = 43).

Only eight cases of neoplasms were notified of
which four were skin cancers, while the remaining
were cancers of the respiratory system (sinuses,
bronchi, lungs, and mesothelium). Very few, but
a diverse group musculoskeletal disorders were
notified (n = 7) during the study period. These
included cases of ischialgia, tendinitis, and arthro-
sis, including neck and shoulder pains.

Table 2 provides the total number of cases noti-
fied by occupational exposure codes (European
Union’s Occupational Diseases Methodology).
Sixty-five percent (n = 308) of the notified cases
were attributed to physical agents. Noise exposure
is classified as a physical agent in the occupational
exposures codes and is attributed to most of the
work-related hearing loss cases notified to the
NLIA. Besides physical agents (65%; n = 308),
biological agents (16%; n = 76), materials and
products including industrial factors (13%;
n = 60), and chemical agents (3%; n = 12) were
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Figure 1. Annual number and incidence (per 100 000 workers)
of work-related diseases among farmers (2007–2016).
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Figure 2. The incidence of work-related diseases/100 000 work-
ers by age groups (2007–2016).

Table 1. Number and percentage of cases notified by diagnosis
group (2007–2016).
Diagnosis Chapter N %

Diseases of the ear 291 62
Diseases of the respiratory system 92 20
Diseases of the skin and subcutaneous tissue 48 10
Neoplasms 8 2
Musculoskeletal disorders 7 2
Diseases of the nervous system 6 1
Symptoms, signs and abnormal clinical and laboratory
findings

6 1

Diseases of the circulatory system 5 1
Injuries, poisoning and certain other consequences of
external causes

4 1

Mental and behavioral disorders 1 0
Diseases of the eye and adnexa 1 0
Total 469 100
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the most frequently notified exposures among the
cases. A detailed examination of the exposures
data revealed that overall 290 cases (62%) con-
cerned noise exposures, while the second most
frequent group of exposures (12%) concerned
assortment of farm animals (cattle, sheep, poultry,
pigs, horses).

Twenty-nine of the sixty cases that were notified
with exposures to materials and products including
industrial factors were diagnosed with respiratory
diseases, while the same exposure factor attributed
to 26 cases of dermatological diseases. In general,
asthma and dermatitis were the most frequently
notified diagnoses because of exposure to materials
and products including industrial factors. Asthma (n
= 9) and dermatitis (n = 3) also constituted all the
cases (n = 12) attributed to chemical exposures.

Seventy-six of the notified cases were exposed to
biological agents. Domestic animals and plants attrib-
uted to 92% (n = 70) of all biological exposures. Fifty-
four cases exposed to biological agents were notified
with a respiratory disease. In our study, 16% of cases
(n = 76) were exposed to biological agents, but not
a single case of infectious disease was notified.

Psychosocial and ergonomic factors accounted
for only 1% (n = 4), and 2% (n = 9) of all notified
cases of work-related diseases, respectively.

Table 3 shows the distribution of cases by phy-
sician type. A total of 195 physicians notified these
469 cases reported during the study period. On
average 20 physicians notified at least one case of
work-related diseases annually to the NLIA.
Occupational health physicians accounted for
most of the reports (64%). Twenty-four percent
of the cases were submitted by hospital physicians.
Fewer cases were notified by general practitioners
(5 %) and private practitioners (4%). Other cate-
gories like municipal physicians or medical interns
accounted for a small number of cases (3%).

The Chi-Square statistic (χ2) exploring the rela-
tionship between notified diagnosis and age, gen-
der, exposure and type of reporting physician
revealed a statistically significant finding (< 0.005).
However the strength of association tested by the
lambda statistic (λ) was statistically significant only
for the relationships between the notified diagnosis
with occupational exposures and the type of report-
ing physician. Specifically, the lambda statistic (λ)
indicated a moderate association (λ = 0.32) between
the notified diagnosis with type of reporting physi-
cian and a strong association (λ = 0.51) between the
notified diagnosis and occupational exposure.

The data concerning the two most frequently
notified diagnosis (diseases of the ear and respira-
tory diseases) that constituted 82% of all notified
cases were examined further. The analysis for these
data showed that 89% (n = 268) of all cases
reported by occupational physicians concerned
hearing loss, while 54% (n = 58) of all cases were
reported by hospital physicians were respiratory
diseases. Furthermore, the analysis also indicated
that 94% of notified hearing loss cases resulted
from physical exposures (noise), while the largest
number of notified respiratory diseases (75%) were
attributed to biological exposures.

Discussion

Farmers, who were male, exposed to noise, > 40-
years of age, and those who sought care from occu-
pational health physicians were more likely to be
notified with a work-related disease to the NLIA.

The age distribution of notified cases in this
study is skewed heavily toward workers above the
age of 40 years. The large proportion of hearing
loss cases in this study provides a salient

Table 2. Number and percentage of cases notified by occupa-
tional exposures (2007–2016).
Occupational Exposures N %

Physical 308 65
Biological 76 16
Materials and products including industrial factors 60 13
Chemical 12 3
Ergonomic 9 2
Psychosocial 4 1
Total 469 100

Table 3. Number and percentage of cases reported by physi-
cian type (2007–2016).
Type of Physicians Total %

Occupational Health Physicians 304 64
Hospital Physicians 112 24
General Practitioners 23 5
Private Practitioners 20 4
Other Medical Positions 9 2
Municipal Physicians 5 1
Total 473* 100

*Two or more doctors reported the same case, hence the (n) for a total
number of doctors = 473 instead of 469
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perspective on the skewed age distribution of
number and incidence of all the notified cases.
Hearing loss constituted 62% (n = 291) of all
reported cases. Moreover, 92% of all notified hear-
ing loss cases in our study were among workers
above the age of 40 years. The sheer volume of
hearing loss cases has a substantial bearing on the
age distribution curve for all notified cases. In fact,
the age distribution displayed in our study is
remarkably consistent to that of the incidence of
notified work-related hearing loss cases in Norway
reported by Samant et al.14 Samant et al, argued
that the skewed age distribution of hearing loss
cases is attributed to physician underreporting of
hearing loss cases among younger workers despite
hazardous noise exposure.14 Physician underre-
porting in general has major impact on the skewed
data distribution for a range of variables including
age, diagnosis and exposures in this study. This
issue of underreporting will be deliberated later in
the discussion section.

Only a small number female farmers were noti-
fied with a work-related disease. This is likely
a reflection of the proportionally small number of
female workers in the Norwegian farming sector
(25%). A higher proportion of work-related diseases
among male compared to female farmers has also
been reported by other studies, which suggests that
farming remains a male-dominated profession.15,16

It is pertinent to underscore that comparable
national data regarding numbers and incidence
rates among farmers remains difficult because of
scarce and inadequate country-level data.

The number of notified cases and the incidence
of work-related diseases in the farming sector has
been decreasing over the years. While some minor
variations in data are observed, including spikes in
the number of cases in 2012 and 2013 (Figure 1),
these are likely random reporting patterns rather
than actual changes in the numbers or incidence of
work-related diseases among farmers.

The incidence rate for work-related diseases among
farmers in this study was found to be remarkably
lower (114/100 000 workers) than those reported in
a comparable country like Finland (310/100 000
workers).15 This difference in incidence rates is sug-
gestive of a significant undercount of cases.

As reported earlier, hearing loss was the most
frequently (62%) notified diagnosis. This finding

contrasts with regards to results in other studies of
farmers. A study on agricultural workers in the
UK, conducted by Stocks et al16 indicated that
only 2% of cases were reported with audiological
illness. Another study of occupational diseases
among farmers in Poland showed about 3% of all
diseases constituted hearing loss.17 Moreover; self-
reported data from Norwegian Department of
Occupational Health Surveillance. Moreover; self-
reported data from NOA indicates that only 8% of
all Norwegian farmers report work-related hearing
loss.7 The dissonance in notified and self-reported
hearing loss cases among farmers is a testament to
the fact that other work-related diagnosis are sel-
dom reported to the NLIA.

Musculoskeletal disorders are widely recognized as
a significant work-related health problem in farming.
Stocks et al. indicated that 57% of all physician-
reported cases in their study were musculoskeletal
disorders.16 Musculoskeletal disorders are one of the
most frequently reported work-related diseases in
Sweden, Finland, and theUS.18–20 NOAdata indicates
that 40% of all farmers reported neck and shoulder
pain.7 In contrast, only seven cases of musculoskeletal
disorders were notified to the NLIA during the study
period.

High risk of skin cancer among farmers is attributed
to long ultraviolet radiation exposures.21,22 The Nordic
Occupational Cancer Study (NOCCA), which includes
Norwegian cancer data, showed that farmers inNordic
countries had a higher risk of developing skin cancers
compared to other occupations.23 However, we were
able to detect only four cases of skin cancers notified
during the study period. Carøe et al, demonstrated
significant underreporting of skin cancers among
workers with outdoor occupations (farmers, gardeners,
construction etc.) in Denmark.24 Underreporting of
skin cancers is plausible as physicians typically do not
attribute skin cancers to occupational etiology com-
pared to conditions like pleural mesotheliomas.

The working environment of farmers is
a known source for exposure to plants, animals
and organic wastes. Specifically, microbes present
in ambient dust, as well as in contaminated soil,
water and plants, make farmers susceptible to
infectious diseases.3,4 In our study, 16% of the
cases (n = 76) were notified with exposure to
biological agents, but not a single case of an infec-
tious disease was notified.

JOURNAL OF AGROMEDICINE 5



There is growing evidence to suggest that farmers
are at higher risk of developing mental health pro-
blems compared to other working populations.25,26

A Norwegian study revealed that both male and
female farmers had higher levels of depression symp-
toms than the general working population.26

A somewhat similar finding was also reported by
NOA, where 10% of farmers reported marginally
higher depression rates, compared to 9% of the work-
ing population.7 Only one case of “reaction to severe
stress” and three cases of symptoms and signs invol-
ving emotional state were identified in our study.

The relationship between noise and hearing loss,
or biological agents and respiratory diseases among
farmers is sufficiently documented in the
literature.4,10,17 The strong association between
occupational exposures and diagnosis among noti-
fied cases as substantiated by the lambda statistic is
an expected finding. However, the moderate
strength of association found between the notified
diagnosis and the type of reporting physician war-
rants some clarification. This association is princi-
pally attributed to hearing loss cases which are
largely reported by occupational health physicians
employed at OHS (Occupational Health Services).
OHS in Norway typically provide routine audio-
metric testing thus the probability of evaluating,
diagnosing and notifying hearing loss cases is
much higher compared to other physicians such
as general practitioners. A Norwegian study on
notified work-related hearing loss cases reported
that occupational health physicians notified 85%
of all hearing loss cases to the NLIA.14 Moreover,
the diagnosis of noise induced hearing loss is
a relatively straightforward compared to work-
related respiratory diseases which may require
extensive investigations. Investigations such as
lung function tests performed in the evaluation of
work-related respiratory diseases are typically con-
ducted by physicians in a hospital setting (hospital
physicians). The moderate association between
notified diagnosis and the type of reporting physi-
cians is conceivably an expression of how different
work-related diseases among farmers get identified,
evaluated, and thereafter notified to the NLIA.

Together, all these findings suggest a biased
profile of both the nature and extent of work-
related diseases among farmers notified to the
NLIA. This is mainly ascribed to the significant

undercount of both somatic and mental work-
related diseases among farmers.

There are several possible reasons for the under-
count of the cases. First, there is a lack of
Occupational Health Services coverage for the
farming sector. In Norway, Occupational Health
Services (OHS) is legally required for high hazard
sectors like construction, transport, aquaculture,
and manufacturing. Even though farming is recog-
nized as a high hazard sector, the OHS regulation
does not include the farming sector. Some estimates
suggest that between 10% and 25% of employers in
the farming sector provides access to OHS.6

Consequently, a large number of workers in the
farming sector do not have real access to occupa-
tional health physicians. It is therefore likely that
potential cases of work-related diseases among
farmers are not recognized, evaluated or notified.

Second, physicians are obligated by the Working
Environment Act to notify suspected or confirmed
work-related diseases to the NLIA which gets regis-
tered in RAS. However, earlier studies have indi-
cated that only about 3% of the registered
physicians notify at least one work-related
disease.11 Occupational health physicians most fre-
quently notify cases of work-related diseases to
NLIA, including cases from the farming sector.11

All Norwegian residents are allocated a general
practitioner (GPs), and they are one of the largest
group of physicians. Even though farmers have lim-
ited OHS coverage, they still have access to a GP.
A study conducted by Hilt et al27 reported that
approximately 40% of all the patient consultations at
a NorwegianGP clinic were work-related. Perhaps the
GPs fail to recognize the work-relatedness of a health
condition, which then results in underreporting of
cases to the NLIA. SomeGPs in fact correctly evaluate
the work-relatedness of a disease among the farmers.
Yet, either the dearth of motivation to notify or lack of
awareness about the notification requirements result
in non-reporting of the case.

Finally, the physicians likely perceive that only
compensable diseases are required to be notified to
the NLIA. NLIAs registry is not a repository for
compensation cases, but often the physician notified
data to this registry is utilized as supplemental doc-
umentation by social security agency and private
insurance companies while evaluating compensation
claims.14 This is largely reflected in our data on
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work-related hearing loss cases. Hearing loss cases
are compensable and relatively easy to diagnose in
terms of work-relatedness and therefore gets fre-
quently notified. On the other hand, diagnoses like
psychological and musculoskeletal disorders, which
are not on the list of compensable occupational dis-
eases get rarely notified. Moreover, physicians may
not want to get involved in potential legal hassles
concerning workers compensation. Azaroff et al28 in
their analysis of conceptual barriers to reporting of
injuries and illnesses in the US have described simi-
lar issues that deter physician notifications.

Data sources for work-related diseases among
farmers in Norway remain tenuous. The social and
private insurance compensation systems in Norway
collect data on compensated occupational diseases.
However, these data are either poorly coded or are
unavailable for any purposeful analysis.

In contrast, RAS provides rich, and quality
assured data. It is the only national source of
work-related diseases based on medical assess-
ments. This is a patent strength of our study.

NLIAs registry underrepresents the extent, and
actual incidence ofwork-related diseases among farm-
ers in Norway, but some of these data are consistent
with the literature if examined for the individual expo-
sure factors. Our data indicate that farmers above the
age of 40 years are the largest category with hearing
loss. This finding is consistent with other studies of
work-related hearing loss among farmers.14,29 The
distribution of exposures to biological agents in this
study indicates that animals and plants were the most
frequent exposures, which is also documented in the
literature.30,31 Likewise, the most frequently notified
cases in this study within respiratory and dermatolo-
gical diagnosis were asthma and contact dermatitis,
respectively. This finding too is consistent with other
studies among farmers that report work-related
respiratory and dermatological diseases.4,28,32

The undercount of cases remains a clear limita-
tion of this study, but it also underscores the
tenuous nature of surveillance of work-related dis-
eases in the farming sector. Besides, our findings
reveal the potential for improving the physician
notification of work-related diseases in the
Norwegian farming sector.

A central limitation in this study is the under-
reporting which results in tenuous surveillance of
work-related diseases among farmers. Future

research efforts should therefore consider bolstering
the epidemiological surveillance of work-related dis-
eases amongst farmers. Estimating the extent of
physician underreporting, and the magnitude of
work-related diseases among farmers in Norway is
a viable research initiative. This could potentially be
facilitated by merging the RAS dataset with data at
the Norwegian Labor and Welfare Administration
(NLWA) which processes workers compensation
claims. The NLWA is in the process of digitizing its
compensation claims which would make these data
accessible for future epidemiological research. This
dataset includes range of variables among others
diagnosis and demographics. Importantly, NLWA
collates information on the national unique identifi-
cation number which is also available with RAS.
A credible estimate of underreporting and the mag-
nitude of work-related diseases among farmers in
Norway could be derived using RAS and NLWA
databases applying the capture-recapture method.33

Conclusions

This study provides a useful profile of physician
notified work-related diseases among farmers in
Norway. Physician underreporting of cases
coupled with lack of occupational health services
coverage of workers in the farming sector contri-
butes to a significant undercount of cases. The
registry data consequently provides a suppressed
estimate of the real incidence rate and biased dis-
tribution of nature and the number of work-
related diseases in the farming sector.

NLIA ought to consider addressing issues con-
cerning undercount of cases by improving the cover-
age of Occupational Health Services coverage among
farmers. NLIA could also consider targeted efforts to
increase awareness about the notification of work-
related diseases among physicians in general, but
specifically occupational health physicians and gen-
eral practitioners.
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