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Clinical significance

This study highlights that work-related allergies are the most common reason for vocational
rehabilitation among occupational diseases. Patients with occupational sensitization often
require complete cessation of exposure and need support to transition to new occupations.

Such support can mitigate the socio-economic impact of their condition.



Structured abstract:

Objective

To evaluate the utilization of vocational rehabilitation (VR) in occupational diseases (OD)
and to determine associated predictive factors.

Methods

The national register data of recognized ODs in Finland (2005-2018) were combined with
insurance compensation data and socio-demographic data. We analyzed the effect of the
diagnosis, age group, sex, socioeconomic group, and number of allergic ODs on VR
utilization.

Results

Of the 24,237 working aged subjects with a recognized occupational disease, 1615 (6.7%)
had received VR. Allergic ODs of the skin or respiratory system accounted for 76% of VR
cases. The probability of VR decreased significantly with age.

Conclusions

Utilization of VR varied substantially between ODs and age groups. It is important to assess
the need for VR services when the OD is diagnosed, especially in the case of work-related

hypersensitivity.
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Learning outcomes
e Vocational rehabilitation was most often utilized in allergic occupational diseases to
promote work ability and employability.
e Subjects younger than 35 years of age were most likely to receive vocational
rehabilitation.
e Manufacturing and agriculture were the most prominent industry sectors regarding the

vocational rehabilitation of occupational diseases.



Introduction

Occupational diseases (OD) have a substantial effect on health and the economy. The
estimate of work-attributed disability-adjusted life-years in 2019 was over 180 million and
the total economic loss was 6% of the global gross domestic product. Occupational injuries
covered only 13% of losses, thus the majority was linked to other work-related diseases.!

OD may end one’s career prematurely or affect one’s ability to stay in the labor market.>
Work disability caused by an OD may be job-specific; thus, it may be overcome with a
change of tasks, work, or profession. Especially when workplace adjustments are insufficient
for the cessation or reduction of the exposure, vocational rehabilitation (VR) can be used to
promote employment after an OD diagnosis.

Previous studies on VR utilization in ODs appear to be scarce both in Finland and
internationally. A Croatian study found that about 5% of subjects with various ODs had
received VR, while more than one third of the subjects had received a disability pension.’ A
Finnish follow-up study and a Canadian return-to-work study on occupational hand eczema
revealed that about one fifth of the subjects had been retrained because of their OD.”®
Another Finnish study on occupational rhinitis patients revealed that 17% were re-educated
because of the OD.” A short-term follow-up study on Finnish occupational asthma patients
found 11% of them in retraining six months after diagnosis.'” Recent results from a Finnish
long-term follow-up study revealed that 36% of occupational asthma patients had received
VR due to their OD.!! These studies had a limited population and/or focus on a specific OD;
consequently, they were unable to provide a comprehensive view of VR utilization in ODs.
The aim of this study was to investigate the overall utilization of VR in ODs; its distribution
between different OD diagnoses, industry fields, and occupations; and the determination of

possible predictive factors for VR.



Methods

We designed an observational cohort study on the VR of working-aged patients with
diagnosed ODs in Finland. The study population was formed based on recognized cases of
ODs registered in the Finnish Register of Occupational Diseases (FROD) between 2005 and
2018.

Finnish setting

OD is defined by the Workers’ Compensation Act in Finland as an illness that is likely to be
primarily caused by a physical, chemical, or biological factor affecting the work. Repetitive
strain injuries are recognized as an occupational disease caused by a physical agent if the
work includes repetitive motions that strain the upper extremity.'? A list of common ODs
together with their typical causes are included in Finnish legislation, but the list is not
exclusive of other diseases. Illnesses caused by psychological factors are not covered as ODs
in Finland. The employer is required to provide Workers Compensation Insurance (WCI) for
all employees, while it is voluntary for self-employed entrepreneurs. OD can only be
recognized for insured individuals, thus excluding uninsured entrepreneurs.

Occupational diseases are registered in the FROD, which is maintained by the Finnish
Institute of Occupational Health. The FROD includes all recognized cases in Finland.
Approximately 700-800 cases of ODs are recognized in working-aged employees in Finland
every year. While the incidence of recognized ODs had diminished in Finland until recently,
occupational COVID-19 cases during the pandemic caused a remarkable increase beginning
in 2020."

According to legislation, compensable VR in Finland consists of one or several of the
following interventions: investigations to establish the need and opportunities for
rehabilitation, job coaching in the former or new work, work or training trials, continuing

education or re-education, support for starting or modifying entrepreneurial activities, and



support for acquiring a vehicle for commuting. Also, the time committed to rehabilitation,
and the waiting time involved in the process are covered with a rehabilitation allowance by
the WCL!?

According to the Workers’ Compensation Act, the WCI is the primary source of
compensation for ODs, including VR when considered necessary.'> The earnings-related
pension and social insurance schemes also provide VR in Finland, but these are considered
secondary compensation systems in OD cases, and the criteria for eligibility are different
from the WCIL. In this study, we present the data focusing only on the WCI as the primary

compensation mechanism.

Data management

Data on recognized ODs were gathered from the FROD. Each FROD case included
information on the case registration year, recognition date, age at recognition, sex, up to three
ICD-10 diagnoses, up to three exposure agents linked to the case, the employee’s occupation,
and industry sector. Dermatological diagnoses (ICD-10 class L) had additional data to
differentiate between different reaction types. Diagnoses were registered in descending order
of severity, and the first diagnosis was used in the analysis. The majority of FROD cases
(93.5%) included only one diagnosis. The FROD data were obtained from Findata, the
Finnish Social and Health Data Permit Authority (data permit THL/3512/14.02.00/2021).
Individual OD compensation data were received from the Finnish Workers' Compensation
Center or Farmers’ Social Insurance Institution Mela. The data included compensation
provided to the study population by the WCI between 2005 and 2020. Data on VR expenses
and rehabilitation allowance were provided for analysis without description of the content of
rehabilitation, including only the amount of expense in euros together with the date and

duration of expense.



Recognized ODs of the working-age population (18—64 years of age at the time of
recognition of OD) between 2005 and 2018 were analyzed in this study. If the same subject
had multiple OD cases registered in the FROD, the primary case was the one for which VR
compensation was paid, or for the most severe diagnosis in the non-VR group. OD severity
was determined through expert opinion by the persistence of the disease and the severity of
medical consequences by the corresponding author. After the determination of the primary
cases, the subjects’ other FROD cases (secondary cases) were excluded from the analysis to
avoid the same subject being included in both the VR and non-VR groups simultaneously.
The data exclusion steps are visualized in Figure 1.

Utilization of VR was dichotomized for each case. Follow-up time began in the year the OD
was recognized and continued until the subject turned 65, died, or until 2020, the final year of
data collection. For the analysis, the diagnostic groups were determined by the primary
diagnosis registered for the case. Occupational asthma included recognized cases with ICD-
10 diagnoses J45 and J68.3 (irritant-induced occupational asthma). Occupational rhinitis
included J30 and J31 diagnoses. Occupational skin diseases included all ICD-10 class “L”
diagnoses, but these were subsequently divided into the subgroups of allergic contact
dermatitis (ACD), irritant contact dermatitis (ICD), protein contact dermatitis or contact
urticaria (PDC/CU), and “Other” according to the additional information obtained from the
FROD. Repetitive strain injuries consisted of registered musculoskeletal “M” diagnoses
together with upper limb mononeuropathies (G56). The hand-arm vibration syndrome class
consisted of Raynaud’s disease (173.0), effects of vibration (T75.2), and exposure to vibration
(Z57.7). Noise-induced hearing loss (H83.3), allergic alveolitis (J67), toxic encephalopathy
(G92), and focal dystonia (G24) were determined by their unique diagnosis code. The

remaining ODs were categorized as “Other”.
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Further examination of multiple allergic ODs was carried out by combining information on
recognized allergic ODs from both primary and secondary cases. Allergic asthma, rhinitis,
conjunctivitis, PCD/CU, and ACD were included in the analysis of allergic ODs, whereas
irritant-induced asthma and moisture damage-induced asthma were determined as non-
allergic ODs in these analyses.

To adjust for confounding factors, Statistics Finland provided individual-level socio-
demographic data for the study population. The dataset included sex, age, and socioeconomic
group. We examined socioeconomic group divided into manual, lower non-manual, upper
non-manual, farmer or forestry entrepreneur, other entrepreneur, students, and others.
Statistics Finland provided annual data on educational level and the year of the highest
degree. The change in the year or level of the highest degree during VR or in the subsequent
year was analyzed in comparison to the situation prior to VR. The duration of VR in years
was calculated by identifying all calendar years with recorded VR expenses. Subjects with
ongoing VR in 2020 were excluded from these analyses because the end of VR could not be
reliably determined. The delay in VR provision was analyzed comparing the recognition year
of OD and the year of the first recorded VR expenses. Subjects with unknown recognition
date were excluded from this analysis.

For the incidence calculations, national working age labor force data were obtained from
Statistics Finland for both occupations (International Standard Classification of Occupations
2010, ISCO)'* (available 2010-2018) and field of industry (International Standard Industrial
Classification of All Economic Activities revision 4, ISIC)'® (available 2007-2018). Code-
specific mean workforce was used for the incidence calculation.

Exposure agents were analyzed according to exposure classification by the Finnish Institute

of Occupational Health.
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For all datasets, personal identity codes and accident ID numbers were pseudonymized by
Statistics Finland before releasing the data for analysis. Data management and analysis were
conducted through remote access in a data-secured environment provided by Statistics
Finland. Only members of the research team could process and analyze the data. Ethics
approval was not required for a retrospective registry study with pseudonymized data. The
Finnish Social and Health Data Permit Authority Findata was responsible for ensuring the
anonymity of the final results.

Data gathered from different sources were combined for analysis using pseudonymized
personal identity codes. Insurance data from the Finnish Workers' Compensation Center and
the Farmers’ Social Insurance Institution Mela were paired with the FROD cases by using the
pseudonymized accident ID number when available or manually by using ICD-10 diagnosis
codes and dates of recognition and registration.

Statistical analyses

The STROBE guidelines for cohort studies were followed in manuscript preparation
(Document, SDC 1, STROBE checklist, h‘[tp://links.lww.Com/JOM/B953).16 The
characteristics of VR recipients and non-recipients were compared at the baseline with Chi-
squared tests (proportions), and the age variable’s group means with the Mann—Whitney U
test due to the non-Gaussian distribution. Statistical significance was set at p < 0.05.

We estimated odds ratios (OR) for VR utilization with a binary logistic regression model to
investigate the predictors of VR. The analysis was performed with diagnostic groups (12
groups, repetitive strain injuries as the reference), age groups (5 groups, youngest as the
reference), sex (male as the reference), and socioeconomic group (7 groups, manual workers

as the reference) mutually adjusted for.
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Another binary logistic regression analysis was performed on allergic ODs to investigate the
effect of multiple allergic manifestations on VR utilization. Subjects with a single allergic OD
were used as the reference and compared with subjects with multiple allergic ODs and
subjects without allergic OD. The regression model was adjusted for age group, sex, and
socioeconomic group. Regression analyses and comparison of characteristics were performed
using R Statistical Software (v4.0.5; R Core Team 2021).

The incidence rates of VR utilization by occupations and field of industry were calculated per
10,000 person years in the field/occupation. Poisson 95% confidence intervals were
calculated for incidence rates using MedCalc Software Ltd. Confidence interval for a rate

(Version 23).

Results

The study population included 24,237 working-aged subjects with a recognized OD.
Altogether, 1615 subjects (6.7% of the study population) had received VR because of their
OD during follow-up. The mean follow-up time was 9.32 years (SD 4.03) for VR cases and
9.77 years (SD 3.93) for non-VR cases. Table 1 shows the characteristics of VR recipients
and non-recipients.

Table 2 shows the probability of VR according to OD, sex, age, and socioeconomic group.
The majority of VR cases were linked to allergic skin or respiratory system ODs: asthma,
rhinitis, PCD/CU, and ACD accounted for 76% of all VR cases. VR was most often used for
occupational asthma (OR 45.59; 95% CI 34.11-60.93). Additionally, rhinitis (OR 25.71, 95%
CI 18.86-35.03), PCD/CU (OR 30.45, 95% CI 21.55-43.02), and ACD (OR 15.98, 95% CI
12.08-21.13) were significant predictors of VR. Of the non-allergic ODs, the probability of
VR was elevated in solvent-induced encephalopathy (OR 25.68; 95% CI 13.23-49.83), and

hypersensitivity pneumonitis (OR 23.46; 95% CI 14.37-38.31). Focal dystonia had a very
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high OR (579.54, 95% CI 170.10-2099.05) for VR, but the number of cases was relatively
small.

Men had more ODs than women, but women had more VR cases compared to men. Table 2
shows that 12.1% of female and 4.5% of male OD subjects had received VR, but no
statistical difference between men and women was found when adjusting for confounding
factors. Students had a higher probability of VR compared to manual workers, while the
probability for agricultural entrepreneurs and non-manual workers was lower. The use of VR
was more likely in younger age groups, with the highest probability in the 18-24 and 25-34
years age groups. The probability of VR decreased as age increased.

Table 3 shows that subjects with multiple allergic ODs received VR significantly more often
than those with only a single allergic diagnosis (OR 3.06, 95% CI 2.38-3.93), while subjects
with other than allergic OD had a significantly lower probability of VR (OR 0.10, 95% CI
0.09-0.11).

Table 4 presents the distribution of VR cases by field of industry. Approximately one third of
all VR cases were associated with the “manufacturing” sector (513 cases), with an incidence
of 1.14 cases per 10,000 person-years (95% CI 1.04—1.24). The highest incidence was
observed in the “Agriculture, forestry and fishing” sector, with 1.90 cases per 10,000 person-
years (95% CI 1.65-2.18), followed by “Other service activities” (including hairdressing and
beauty treatment activities, etc.; 1.80, 95% CI 1.53-2.09) and “Accommodation and food
service activities” (1.48, 95% CI 1.27-1.72).

VR utilization was also analyzed in relation to occupation. On ISCO level 3, the highest
number of VR subjects was registered in “Hairdressers, Beauticians and related workers,”
with a total of 173 VR subjects and an incidence of 7.20 per 10,000 person-years (95% CI
6.17-8.35). The second largest group was “Cooks,” with 147 VR subjects (incidence 2.56 per

10,000 person-years, 95% CI 2.17-3.01). The highest incidence of VR cases, at a rate of

14



17.40 cases per 10,000 person-years (95% CI 14.53-20.67), was observed among workers in
the group “Food Processing and Related Trades Workers,” with 129 recipients, 95% of whom
were bakers.

The analysis of VR use in agricultural activities was limited to ISCO level 2 due to a lack of
more specific information, particularly among farmers. Within the group “Market-oriented
Skilled Agricultural Workers,” 221 VR recipients were identified, with an incidence of 2.79
per 10,000 person-years (95% CI 2.44-3.19). Detailed information on VR utilization in
different occupations (ISCO level 2-3) is included in the supplementary digital content
(Table, SDC 2, http://links.lww.com/JOM/B954).

The primary exposure agents causing ODs leading to VR were chemicals and organic dusts.
Among subjects with ODs caused by chemicals, 650 (20.7%) received VR, with resins or
plastics accounting for the highest number of cases at 135 (VR proportion 23.8%). ODs due
to chemicals and subsequent VR were common in manufacturing, service activities
(especially beauty services), and construction. For ODs caused by organic dusts and
materials, 548 (31.4%) subjects received VR. The most common subgroup linked to VR was
“Flour, grains, and feeds” (275 cases, VR proportion 46.0%), with wheat accounting for
nearly half of these cases (135 VR cases, VR proportion 55.8%). Among cases with ODs
caused by animal-derived epithelium, hair, or excretions, 121 subjects (19.3%) received VR,
with cow being the most prominent source, covering 95 of these cases (VR proportion
18.4%). Detailed information on VR usage stratified by the primary exposure agent can be
found in the supplementary digital content (Table, SDC 3, http://links.lww.com/JOM/B955).
VR was typically started relatively soon after OD was recognized by the insurance company.
Data on delay were unavailable for 117 cases due to missing recognition dates. VR began in

the same calendar year in 39.5% of cases and in the following year for 43.2% of cases. A
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delay of two years was identified in 9.2% of cases, while a delay of three or more years was
observed in 8.1% of cases, with some experiencing delays of up to ten years.

The median duration of VR expenses was three calendar years. A four-year duration was the
most frequent, observed in 302 cases (18.7%), while three-year (18.4%) and two-year
(18.0%) durations were nearly as common. One-year VR was implemented in 16% of cases,
whereas 19.9% of cases involved VR lasting for five years or longer. Missing data due to
ongoing VR in 2020 were identified in 182 cases (11.3%). Change in educational level or the
year of degree was observed in 720 cases (50.2% of subject with finished VR) during VR or
maximum one year later, suggesting the utilization of re-education as a rehabilitation method.

An elevated post-VR educational level was observed in 304 cases (21.2%).

Discussion

We found that VR had been used in 6.7% of ODs of working-aged subjects in Finland
between 2005 and 2018. Altogether 1615 subjects had received VR during the study period,
averaging 115 cases every year. Our findings are in line with previous studies reported from
Croatia and Canada.®!’

The majority of VR appeared to be linked with occupational hypersensitivity. Allergic ODs of
skin (ACD and PCD/CU) together with occupational asthma and rhinitis accounted for 76.0%
of all VR cases. Logically, individuals with multiple allergic ODs were more frequently
provided with VR than those with a single allergic OD. This may reflect the challenge of
preventing concurrent exposure via skin and airways, which could require extensive measures
without VR. Research indicates that the most effective strategy for managing work-related
hypersensitivity is the cessation of exposure rather than its reduction, albeit with an

associated risk of adverse socioeconomic effects.>>1820
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Our data revealed that 30.1% of occupational asthma patients received VR from WCI,
aligning well with the finding from a Finnish questionnaire study with 36% VR recipients
(including also secondary schemes).!! Similarly, 26.3% of occupational rhinitis patients
received VR compared to the previously reported 17% re-educated because of their OD. The
difference is possibly due to the inclusion of all VR actions, not just re-education, in our
study.’

VR can play a crucial role in protecting OD patients’ health and promoting future health and
employability. Especially in the early stage of an OD, like in occupational asthma, the subject
may recover after cessation of exposure and be able to achieve symptomatic recovery even
without the need for medication.?!*> On the contrary, the continued exposure to the causative
agent is usually associated with a rapid decline of lung function in occupational asthma. After
the cessation of exposure, the rate of decline is slowed down, becoming similar to that
observed in healthy adults.”®> Recent results from a Finnish questionnaire study on
occupational asthma patients found that two thirds had changed profession, nearly half had
been unemployed after diagnosis, and more than one third had received VR because of
asthma.'! In many professions, cessation of exposure is not possible without a change of job
or an even more radical change of field of industry. A successful change from one profession
to another may necessitate the use of VR. Under the Workers’ Compensation Act, the
insurance company is obligated to ensure equal earning capacity for OD patients or provide
compensation if the individual's potential future employment income is diminished due to the
OD. Insurance companies provide VR, including re-education up to higher education levels,
to meet these legal requirements.

Different types of occupational dermatitis were common diagnoses behind VR. A Finnish
long-term follow-up study on occupational hand eczema revealed that 20% of the subjects

had been retrained at the expense of the insurance company after recognizing occupational
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dermatitis.” A similar proportion of VR was found in a Canadian study on a return-to-work
program for subjects with occupational dermatitis.® These studies support our finding of
21.4% of ACD subjects receiving VR. However, allergic and non-allergic types of
occupational dermatitis differ when examined in relation to VR. In our study, the probability
of VR for PCD/CU and ACD subjects was higher than subjects with ICD, even though a
previous study has reported a similar healing prognosis of allergic and non-allergic
occupational eczema with or without a change of job.?* Documented exposure and
sensitization proven by medical testing, and therefore the occupational origin of the disease,
can often be confirmed in allergic skin diseases, but the causal connection between work and
ICD or nonspecific dermatitis is less solid, potentially explaining the difference in VR
administration. When the preferred practice after sensitization is cessation of exposure, often
requiring a change of job, management of ICD may consist of the alteration of work tasks,

methods, or personal protective equipment.?’

According to the Finnish compensation policy,
VR is justified mainly if ICD has become chronic and does not respond to intensified
treatment and job accommodation. A Danish study showed the clearance of ICD or the
improvement of symptoms after job change,’ indicating that a job change may be effective
in managing chronic ICD.

Repetitive strain injuries are common ODs but triggered VR only rarely. Typically, strain
injuries are considered as curable with appropriate ergonomic adjustments, the rotation of
work tasks, and possibly a sickness absence.’’ In some cases, these diseases continuously
reoccur or cause long-term disability and a change of job may be necessary, possibly
requiring VR. As a curiosity, muscular dystonia is a quite rare but known OD of

2829 and VR utilization has been very active according to our data.

musicians,
Hand-arm vibration syndrome typically develops later in the career. After the diagnosis,

minimization or cessation of exposure to hand-arm vibration is recommended, but previous
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studies have reported problems in both the reduction of exposure and change of job.° The
use of VR for hand-arm vibration syndrome appears to be relatively low, possibly due to
opportunities for job accomodation or internal transfers to lower-exposure jobs within the
same employer, especially in large industries.

Differences in the utilization of VR between age groups were significant even when
including confounders in the regression model. The likelihood of VR diminishes along with
increasing age. Due to the limited time before old age pension, the total financial impact on
the insurance company could be negative toward the end of a career, as there is little time to
amortize the costs of a VR investment.

Re-education appeared to be a common method of VR used to promote the future
employability of OD patients. Approximately half of the rehabilitants gained a new
qualification during VR, and the typical duration of VR was 3-4 years, supporting the use of
re-education as part of VR. VR interventions were often initiated relatively soon after OD
recognition, but about one-sixth of the rehabilitants experienced a delay of two or more years.
To our knowledge, there are no studies on the impact of VR delays on return to work among
OD patients. General findings suggest that early vocational rehabilitation interventions are
beneficial for a variety of health conditions, and OD is likely to be no exception.*!*

High molecular weight (HMW) sensitizers in the food industry and agriculture were common
causative agents behind ODs leading to VR, together with a wide range of different low
molecular weight (LMW) chemicals in manufacturing, construction, and beauty services. A
systematic review of occupational asthma recovery after exposure cessation showed a better
prognosis for subjects sensitized to LMW substances compared to those sensitized to HMW
allergens.?? This underlines the importance of timely VR actions in OD patients exposed to
HMW allergens. In addition, the occupation and industry where the OD patient is working

should be taken into account when evaluating the need for VR. For example, exposure
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cessation may be impossible for a baker or farmer without a change of profession, but it may
be possible by a change of tasks or the chemicals used in manufacturing. The possibilities of
exposure reduction with technical measures such as local exhaust ventilation or use of
personal protective equipment are possibly easier in stable settings in manufacturing than on
a constantly changing construction site. In the service sector, the use of personal protective
equipment may be problematic because of customer attitudes.

We found that beauty professionals relatively often received VR due to sensitization to the
chemicals used. Previously, it has been shown that the career length of hairdressers is
shortened because of occupational hand eczema.**** Our registry data on ODs in these
professions probably does not reveal the whole picture. ODs of hairdressers and beauticians
are underestimated compared to the real number of work-related diseases, because many
work as self-employed entrepreneurs without WCI covering ODs.*> These patients face a
difficult choice between possible worsening health if continuing to work or the significant
socio-economic consequences of a job change. Fortunately, these patients may be eligible for

VR from secondary schemes if they do not have WCI.

Implications for VR provision

To maximize the likelihood of return to work, VR interventions should be implemented
promptly. Only about 40% of subjects received VR within the same year that their OD was
recognized. Even a delay of one year could be considered relatively long, but 17% of
rehabilitants had a delay of two or more years. VR assessment processes should be evaluated
and steps should be taken to expedite the delivery of VR services.

Although the majority of VR cases were related to allergic OD, less than one-third of subjects
with allergic OD received VR. It is possible that the recommendation for exposure cessation

may not always be followed. The need for VR should be carefully assessed, especially in
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cases of allergic ODs, and any decision to withhold VR must be well justified. Medical
follow-up should be arranged if exposure reduction is chosen instead of VR.

VR use was skewed toward younger age groups, even when the analysis was adjusted for
potential confounders. This suggests a potential underutilization of VR in mid-career ODs
and calls for further research about effective exposure management. Continued exposure may
worsen subjects' health and increase the risk of disability. The use of VR may be warranted in
more situations than it has been used to date.

Strengths and limitations

One strength of our study was the comprehensive registry dataset covering all ODs
recognized during the study period with consistent variable coding. The registry data enabled
a longitudinal evaluation of VR as a consequence of OD. Individual-level annual socio-
demographic information allowed the adjustment of variables in the statistical analyses. To
our knowledge, this is the first study to utilize comprehensive register data on VR utilization
in ODs.

One limitation is that the register data did not offer any additional information, such as the
subjects' health and lifestyle factors, that may have influenced the rehabilitation decisions.
The details of VR actions could not be directly extracted from the data, either.

The FROD contains information of ODs recognized by insurance companies. Work-related
diseases of uninsured entrepreneurs are not registered, so they are not included in this study.
Socio-demographic data provided by Statistics Finland represent the subjects’ situation at the
end of each year, possibly causing minor errors in socioeconomic group classification.
Although our data are limited to Finland, the need for additional support for OD patients’
career continuity is universal. Especially patients with work-related sensitization probably

need help in finding a new, exposure-free job or modifying their current position to limit
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exposure. Social security systems differ between countries, but it is crucial that the need for

support is recognized at the time of diagnosis.

Conclusions

The utilization of VR in ODs appeared to be typical, especially in allergic diseases of
relatively young subjects. A significant fall in VR probability after the age of 45 years was
revealed, which may indicate that there is a risk that the recommendation of exposure
cessation does not materialize in older age groups. While our findings focus on the utilization
of VR for ODs within the specific healthcare system in Finland, the indications of groups
requiring rehabilitation after OD are likely generalizable to other countries. Further studies
about VR actions taken in ODs are needed to evaluate the effectiveness of VR on

employability and reducing the socio-economic impact of ODs.
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Figure legends

Figure 1. Flow chart of the study population (OD=occupational disease, VR=vocational
rehabilitation).
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Figure 1

Figure 1. Flow chart of the study population (OD=occupational disease, VR=vocational rehabilitation).
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Table 1. Characteristics of the study population, stratified by vocational rehabilitation (VR) of occupational disease (N=24,237).

VR cases Non-VR cases P-value ?
n (%) Mean (SD) n (%) Mean (SD)
Age 37.65 (10.66) 49.28 (11.63) |<0.001
AGE GROUP
18-24 199 (12.3) 872 (3.9) <0.001
25-34 501 (31.0) 2413 (10.7)
35-44 437 (27.1) 3424 (15.1)
45-54 361 (22.4) 6155 (27.2)
55-64 117 (7.2) 9758 (43.1)
SEX
Male 786 (48.7) 16,618 (73.5) <0.001
Female 829 (51.3) 6004 (26.5)
SOCIOECONOMIC GROUP
Farmers and forestry entrepreneurs 69 (4.3) 2191 (9.7) <0.001
Self-employed persons ° 137 (8.5) 1072 (4.7)
Upper non-manual workers 72 (4.5) 1192 (5.3)
Lower non-manual workers 208 (12.9) 3454 (15.3)
Manual workers 965 (59.8) 12,295 (54.3)
Students 58 (3.6) 174 (0.8)
Other © 106 (6.6) 2244 (9.9)
OCCUPATIONAL DISEASE
Allergic contact dermatitis 442 (27.4) 1627 (7.2) <0.001
Asthma 449 (27.8) 1036 (4.6)
Focal dystonia 10 (0.6) 4 (0.0)
Hand-arm vibration syndrome 40 (2.5) 330 (1.5)
Hypersensitivity pneumonitis 30 (1.9) 289 (1.3)
Irritant contact dermatitis 130 (8.0) 1950 (8.6)
Other dermatitis 56 (3.5) 368 (1.6)
Protein contact dermatitis or contact urticaria 125 (7.7) 346 (1.5)
Repetitive strain injury 60 (3.7) 3408 (15.1)
Rhinitis 211 (13.1) 590 (2.6)
Solvent-induced encephalopathy 14 (0.9) 65 (0.3)
Other occupational disease 48 (3.0) 12,609 (55.7)
TOTAL 1615 (100.0) 22,622 (100.0)

2 Age means: Mann-Whitney U test, other variables: Chi-squared test
b not in agriculture or forestry
¢ pensioners, unemployed, unknown
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Table 3. The effect of allergic occupational disease (OD) diagnoses on the probability of vocational rehabilitation (VR)
(N=24,237; OR=0dds ratio, Cl=confidence interval).

Number of allergic ODs 2 N VR cases (%) | Crude OR (95% CI) Adjusted OR (95% CI) ©
Single 3946 1011 (25.6) |1.00 1.00

Multiple 404 159 (39.4) 1.88 (1.52-2.33) 3.06 (2.38-3.93)

Other than allergic OD 19,887 |445(2.2) 0.07 (0.06-0.08) 0.10 (0.09-0.11)

2 Allergic asthma, rhinitis, conjunctivitis, protein contact dermatitis, contact urticaria, and allergic contact dermatitis
included. Irritant-induced asthma and moisture damage asthma included in the group of other than allergic OD.

b Adjusted for age group, sex, and socioeconomic group.
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Table 4. Distribution of vocational rehabilitation (VR) by field of industry (ISIC sections) (Cl=confidence interval).

VR incidence per
10,000 person-

Mean workforce

Field of industry (ISIC section) N VR cases (%) | years (95% ClI) (10,000)
Agriculture, forestry and fishing (A) 3352 |205(6.1) 1.90(1.65-2.18) |7.71
Manufacturing (C) 8198 |513(6.3) 1.14 (1.04-1.24) |32.22
Construction (F) 3617 | 137 (3.8) 0.64 (0.54-0.76) |15.29
Wholesale and retail trade; repair of motor vehicles and activities (G) 1529 | 142 (9.3) 0.37 (0.31-0.44) |27.23
Accommodation and food service activities (1) 697 171 (24.5) 1.48 (1.27-1.72) |8.23
Professional, scientific and technical activities (M) 679 27 (4.0) 0.15(0.10-0.22) |13.01
Administrative and support service activities (N) 560 25 (4.5) 0.12 (0.08-0.18) |15.06
Education (P) 531 76 (14.3) 0.34 (0.27-0.42) |16.08
Human health and social work activities (Q) 1889 |77 (4.1) 0.15(0.12-0.18) |37.60
Other service activities (S) 583 166 (28.5) 1.80 (1.53-2.09) |6.60
Other @ 2602 |76 (2.9) 0.11 (0.08-0.13) |51.06
TOTAL 24,237 | 1615 (6.7) 0.50 (0.48-0.53) |230.08

2 Includes fields of industry with fewer than 20 VR cases and subjects with unknown or missing information.
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract
(b) Provide in the abstract an informative and balanced summary of what was 1
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 2
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 3
Methods
Study design 4 Present key elements of study design early in the paper 3
Setting 5 Describe the setting, locations, and relevant dates, including periods of 3-4
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 3-5
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 4-6
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 4-6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 5-6
Study size 10 Explain how the study size was arrived at 4, Fig
1
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, | 4-6
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 6
confounding
(b) Describe any methods used to examine subgroups and interactions 6
(c¢) Explain how missing data were addressed Tab 1

(d) If applicable, explain how loss to follow-up was addressed

(e) Describe any sensitivity analyses

Results
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Participants 13% (a) Report numbers of individuals at each stage of study—eg numbers Tab
potentially eligible, examined for eligibility, confirmed eligible, included in the | 1-4,8
study, completing follow-up, and analysed SDC

2-3
(b) Give reasons for non-participation at each stage -
(¢) Consider use of a flow diagram Fig. 1

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) Tab 1
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of Tabl1l
interest
(c) Summarise follow-up time (eg, average and total amount) 6

Outcome data 15% Report numbers of outcome events or summary measures over time All

tables

Main results 16 (a) Give unadjusted estimates and, if applicable, Tab 2-3

confounder-adjusted estimates and their precision (eg, 95%
confidence interval). Make clear which confounders were

adjusted for and why they were included

(b) Report category boundaries when continuous variables | Tab 1
were categorized

(c) If relevant, consider translating estimates of relative risk

into absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and | NA

interactions, and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 9-12

Limitations 19 Discuss limitations of the study, taking into account 12

sources of potential bias or imprecision. Discuss both
direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering | 11-12
objectives, limitations, multiplicity of analyses, results
from similar studies, and other relevant evidence
Generalisability =~ 21 Discuss the generalisability (external validity) of the study | 12
results
Other information
Funding 22 Give the source of funding and the role of the funders for Title page

the present study and, if applicable, for the original study
on which the present article is based

*Give information separately for exposed and unexposed groups.
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Note: An Explanation and Elaboration article discusses each checklist item and gives methodological
background and published examples of transparent reporting. The STROBE checklist is best used in conjunction
with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals
of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information
on the STROBE Initiative is available at http://www.strobe-statement.org.
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SDC 2, Table. Occupations (ISCO level 2) with 10 or more VR cases and subcategories (ISCO level 3) with more 7 or more VR cases. (VR=vocational

rehabilitation, Cl=confidence interval)

N VR cases (%) VR incidence per Mean
10,000 person-years  workforce
(95% CI) (10,000)
Food processing, wood working, garment and other craft and related trades workers (75) 1200 165 (13.8) 5.71 (4.87-6.65) 2.06
Food processing and related trades workers (751) 610 129 (21.1) 17.40 (14.53-20.67)  0.53
Wood treaters, cabinet-makers and related trades workers (752) 459 28 (6.1) 2.38(1.58-3.44) 0.84
Garment and related trades workers (753) 71 8 (11.3) 1.28 (0.55-2.53) 0.45
Other occupations (75) 60 0 (0.0) 0.25
Market-oriented skilled agricultural workers (61) 3166 221 (7.0) 2.79 (2.44-3.19) 5.65
Personal service workers (51) 1340 338 (25.2) 2.18 (1.95-2.42) 11.09
Cooks (512) 511 147 (28.8) 2.56 (2.17-3.01) 4.10
Waiters and bartenders (513) 75 13 (17.3) 0.61 (0.32-1.04) 1.52
Hairdressers, beauticians and related workers (514) 456 173 (37.9) 7.20 (6.17-8.35) 1.72
Other occupations (51) 298 5(1.7) 0.10 (0.03-0.22) 3.75
Stationary plant and machine operators (81) 2790 184 (6.6) 1.69 (1.45-1.95) 7.79
Mining and mineral processing plant operators (811) 642 31(4.8) 2.94 (2.00-4.17) 0.75
Metal processing and finishing plant operators (812) 153 7 (4.6) 0.80 (0.32-1.65) 0.62
Rubber, plastic and paper products machine operators (814) 165 24 (14.5) 2.03 (1.30-3.02) 0.84
Food and related products machine operators (816) 527 70 (13.3) 3.28 (2.56-4.15) 1.52
Wood processing and papermaking plant operators (817) 790 21(2.7) 0.91 (0.56-1.38) 1.66
Other stationary plant and machine operators (818) 273 23(8.4) 1.74 (1.11-2.62) 0.94
Other occupations (81) 240 8(3.3) 0.39 (0.17-0.78) 1.45
Building and related trades workers, excluding electricians (71) 3270 175 (5.4) 1.38 (1.18-1.60) 9.05
Building frame and related trades workers (711) 1763 48 (2.7) 0.60 (0.44-0.79) 5.75
Building finishers and related trades workers (712) 1242 102 (8.2) 2.94 (2.39-3.56) 2.48
Painters, building structure cleaners and related trades workers (713) 226 25(11.1) 2.18 (1.41-3.21) 0.82
Other occupations (71) 39 0 (0.0) 0.00
Metal, machinery and related trades workers (72) 4239 159 (3.8) 1.36 (1.15-1.58) 8.38
Sheet and structural metal workers, moulders and welders, and related workers (721) 1299 38(2.9) 1.61 (1.14-2.21) 1.69
Blacksmiths, toolmakers and related trades workers (722) 1201 72 (6.0) 2.21(1.73-2.78) 2.33
Machinery mechanics and repairers (723) 1621 49 (3.0) 0.80 (0.59-1.06) 4.36
Other occupations (72) 118 0 (0.0) 0.00
Handicraft and printing workers (73) 311 15 (4.8) 1.31 (0.73-2.16) 0.82
Handicraft workers (731) 182 11 (6.0) 3.72 (1.86-6.66) 0.21
Other occupations (73) 129 4(3.1) 0.47 (0.13-1.20) 0.61
Assemblers (82) 268 18 (6.7) 0.60 (0.35-0.95) 2.15
Assemblers (821) 260 18 (6.9) 0.60 (0.35-0.95) 2.15
Other occupations (82) 8 0 (0.0) 0.00
Hospitality, retail and other services managers (14) 52 10 (19.2) 0.53 (0.26-0.98) 1.34
Food preparation assistants (94) 189 11 (5.8) 0.38 (0.19-0.68) 2.06
Food preparation assistants (941) 189 11 (5.8) 0.38 (0.19-0.68) 2.06
Labourers in mining, construction, manufacturing and transport (93) 544 18 (3.3) 0.26 (0.15-0.41) 4.96
Transport and storage labourers (933) 259 10 (3.9) 0.20 (0.10-0.37) 3.56
Other occupations (93) 285 8(2.8) 0.41 (0.18-0.80) 1.40
Science and engineering associate professionals (31) 738 28(3.8) 0.26 (0.17-0.37) 7.82
Process control technicians (313) 147 8 (5.4) 1.81 (0.78-3.57) 0.32
Life science technicians and related associate professionals (314) 114 7(6.1) 0.88 (0.36-1.82) 0.57
Other occupations (31) 477 13 (2.7) 0.13 (0.07-0.23) 6.94
N VR cases (%) VR incidence per Mean
10,000 person-years  workforce
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(95% CI) (10,000)
Health associate professionals (32) 765 30(3.9) 0.21 (0.14-0.30) 10.23
Medical and pharmaceutical technicians (321) 72 8 (11.1) 0.39 (0.17-0.78) 1.45
Nursing and midwifery associate professionals (322) 574 14 (2.4) 0.15 (0.08-0.25) 6.78
Other occupations (32) 119 8(6.7) 0.29 (0.12-0.56) 2.00
Cleaners and helpers (91) 480 20(4.2) 0.19 (0.12-0.30) 7.37
Domestic, hotel and office cleaners and helpers (911) 469 20 (4.3) 0.19 (0.12-0.30) 7.33
Other occupations (91) 11 0 (0.0) 0.04
Sales workers (52) 351 44 (12.5) 0.19 (0.14-0.26) 16.34
Shop salespersons (522) 295 38 (12.9) 0.22 (0.15-0.30) 12.60
Other occupations (52) 56 6 (10.7) 0.11 (0.04-0.25) 3.73
Personal care workers (53) 901 41 (4.6) 0.17 (0.12-0.24) 16.89
Personal care workers in health services (532) 767 37 (4.8) 0.23 (0.16-0.31) 11.65
Other occupations (53) 134 4 (3.0 0.05 (0.01-0.14) 5.24
Legal, social and cultural professionals (26) 85 13 (15.3) 0.16 (0.09-0.27) 5.82
Teaching professionals (23) 278 19 (6.8) 0.11 (0.06-0.17) 12.59
Drivers and mobile plant operators (83) 629 13(2.1) 0.09 (0.05-0.16) 9.86
Mobile plant operators (834) 384 9(2.3) 0.25 (0.11-0.47) 2.60
Other occupations (83) 245 4 (1.6) 0.04 (0.01-0.10) 7.26
Students 138 29 (21.0) N/A
Other occupations 2503 64 (2.6) 0.05 (0.04-0.07) 86.81
Total 24,237 1615 (6.7) 0.50 (0.48-0.53) 229.08
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SDC 3, Table. Primary exposure agents registered to occupational diseases in 10 or more vocational rehabilitation (VR) cases

(N=24,237).

Exposure agent N VR cases (%)
Chemicals 3143 650 (20.7)
Epoxy resins and plastics 211 50 (23.7)
P-Phenylenediamine (PPD) 45 33(73.3)
Formaldehyde (methanal) 90 27 (30.0)
Bisphenol A epoxy resin 74 25(33.8)
Hairdressers’ exposure (unspecified) 101 25(24.8)
Isothiazolinone derivates (e.g. Kathon CG, Kathon 886MW) 68 23 (33.8)
Hair dyes 27 22 (81.5)
Methacrylates (unspecified) 62 21 (33.9)
Chromium and chromium compounds (unspecified) 82 20 (24.4)
Cutting fluids 143 20 (14.0)
Colophony (Rosin) 47 19 (40.4)
Ammonium persulfate 30 16 (53.3)

Washing detergents and bleaching agents 256 16 (6.3)
Isocyanates (unspecified) 38 15 (39.5)
Cobalt and cobalt compounds 35 14 (40.0)
Persulfates, bleaching agents (hair) 22 14 (63.6)
Organic solvent mixtures (unspecified) 102 11 (10.8)
Rubber chemicals (unspecified) 129 11 (8.5)
Hexamethylene diisocyanate (HDI) 13 10 (76.9)
Phenol-formaldehyde resins and plastics (PF) 28 10 (35.7)
Organic dusts 1747 548 (31.4)
Wheat flour 239 134 (56.1)
Cow dander 516 95 (18.4)
Rye flour 96 56 (58.3)
Flour (unspecified) 100 50 (50.0)
Barley flour 84 17 (20.2)
Decorative and natural plants 28 17 (60.7)
Tomato a 10 (>70.0)
Other exposures 19,347 417 (2.2)
Molds 845 67 (7.9)
Repetitive work 3267 59 (1.8)
Wet work 779 47 (6.0)
Hand-arm vibration 376 39 (10.4)
Other chemical factors (unspecified) 426 39 (9.2)
Storage mites 190 20 (10.5)
Handling of foodstuff 59 13 (22.0)
Welding fumes, stainless steel 19 11 (57.9)
Dirty work conditions 162 10 (6.2)

2 Value hidden due to data protection regulations.
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