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ABSTRACT
The global burden of occupational diseases (ODs) is heavy, and every year
millions of workers suffer adverse health effects from their work. In addition,
a notable part of work-related ill health remains unrecognised, because underdetection and under-reporting are a worldwide challenge, partly also so in
Finland.
The methods of reporting ODs and of conducting workers’ health
surveillance around the world vary greatly, and many parts of the world,
especially developing countries, have no surveillance or reporting at all. Over
80% of the global workforce lack access to occupational health services (OHS).
In Finland, health examinations are mandatory if workers are exposed to
hazardous substances or factors. The content and frequency of these exposurebased health examinations are well advised. The Finnish workforce consists of
approximately 2 500 000 people, and OHS conducts nearly 200 000
exposure-based health-examinations every year. This requires a great deal of
personnel and financial resources.
Organic solvents present a ubiquitous occupational exposure with a global
market expected to reach over 22 000 kilotons by 2020. Millions of workers
are exposed in various industrial sectors. Solvents are liquid compounds which
dissolve substances that are insoluble in water, such as oils, fats, waxes, resins,
rubber, and plastic materials. They are used in paints, varnishes, inks, glues,
thinners, fuels, the textile and leather industry, dry cleaning, laboratory work,
and as a raw material in some industries, for example, in reinforced plastic
lamination.
Long-term exposure may cause permanent central nervous system
disturbances, a condition called chronic solvent encephalopathy (CSE), which
is characterised by cognitive memory and concentration problems. No cure or
rehabilitation is available, but its progression ends if the exposure ceases.
Thus, the prevention of exposure is crucial.
In Finland, approximately 20 000 out of 2.5 million workers are regularly
exposed to solvents, and are thus obliged to attend exposure-based health
examinations conducted by OHS every one to three years. If OHS suspect
occupational CSE, they refer the worker after preliminary differential
diagnostics to the Finnish Institute of Occupational Health (FIOH) for
diagnostic examinations.
In Finland, five to seven occupational CSE cases are currently diagnosed
annually. The most common occupations among which they are found are
industrial and construction painters, wooden surface finishers, printers, floorlayers, metal degreasers, boat builders, and other reinforced plastic
laminators.
The overall goal of the research was to study exposure-based occupational
health examinations and OD screening among solvent-exposed workers. The
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specific aims of the study were: to determine whether new cases of CSE can
be found in Finland despite mandatory OHS health examinations, to assess
the effectiveness and costs of CSE screening, to determine the limitations of
periodical health examinations in detecting CSE, and to investigate which
factors associate with poor work ability among solvent-exposed workers.
A questionnaire inquiring about exposure, CSE-compatible symptoms and
health was sent to 3 640 workers in industrialised fields at risk of CSE.
Respondents with symptoms, sufficient solvent exposure and no other
explanation for symptoms were invited to clinical examinations conducted by
an occupational health specialist. Then an expert group evaluated all the cases,
and those with suspected occupational CSE were referred to FIOH for
diagnostic examinations. As a result, 18 new occupational CSE cases were
diagnosed.
The study showed that new CSE cases can still be detected in Finland and
that CSE is under-detected despite the mandatory OHS health examination
system. However, it also showed that CSE can be effectively detected using
tools applicable in both OHS and at the general practice level.
We compared the costs of the stepwise postal-clinical (SPC) screening
described above to those of the OHS health examinations. The evaluation
revealed that the SPC screening identified a new CSE case at 1/30 of the cost
of the OHS health examinations. In addition, the CSE cases detected were
younger and their retirement rate was lower than that of those detected by
OHS (6.7% vs. 74%), which indicates that SPC screening was able to detect
milder cases or those at an earlier phase, preserving work ability.
We retrospectively studied the OHS patient records of the 18 CSE cases
detected through SPC screening. The study revealed that although mandatory
the exposure-based OHS health examinations were conducted, they did not
always follow the guidelines. Common health counselling seems to overrule
exposure-based issues in health examinations.
The solvent-exposed workers’ Work Ability Indexes (WAI) and Work
Ability Scores (WAS) were compared to those of national reference
populations. The study showed that solvent exposure is a weak independent
risk factor of poor work ability; it is comparable to a high level of alcohol
consumption. Age, the existence of other diseases and employment status
have a much stronger effect on work ability.
This study was conducted in an industrialised country with a unique
mandatory OHS system, good occupational hygiene, and declining solvent
exposure levels. It also concerned a rare OD. However, other countries and
exposures probably also face the same kinds of challenges in OD detection.
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TIIVISTELMÄ
Ammattitautien aiheuttama tautitaakka on maailmanlaajuisesti merkittävä, ja
joka vuosi miljoonat työntekijät saavat työstään terveydellistä haittaa. Tämän
lisäksi huomattava osa työhön liittyvästä sairastavuudesta jää tunnistamatta,
sillä niin alitunnistus kuin –raportointikin ovat haasteita, jotka koskevat
kaikkia maita, osittain myös Suomea.
Ammattitautien tilastointi ja altistuvien työntekijöiden terveyden seuranta
on järjestetty hyvin eri tavoin eri puolilla maailmaa, ja monissa maissa
erityisesti kehitysmaissa, ei ole minkäänlaista tilastointia tai terveysseurantaa
järjestettynä. Yli 80% maailman työvoimasta ei ole työterveyspalvelujen
piirissä.
Terveystarkastukset töissä, joissa työntekijä altistuu haitallisille aineille tai
tekijöille ovat Suomessa lakisääteisesti pakollisia. Niiden sisältö ja tiheys on
hyvin ohjeistettu. Suomessa on työllisiä 2,5 miljoonaa, ja työterveyshuolloissa
tehdään lähes 200000 altistelähtöistä terveystarkastusta vuosittain. Se
edellyttää huomattavia taloudellisia ja henkilöstöresursseja.
Orgaaniset liuottimet ovat yleinen työelämän altiste, ja niiden globaalin
markkinan odotetaan kasvavan yli 22000 kilotonniin vuonna 2020. Miljoonat
työntekijät altistuvat liuottimille vuosittain eri teollisuuden aloilla. Liuottimet
ovat nestemäisiä yhdisteitä, jotka liuottavat veteen liukenemattomia aineita
kuten öljyjä, rasvoja, vahoja, hartseja, kumeja ja muovimateriaaleja. Niitä
käytetään maaleissa, lakoissa, musteissa, liimoissa, ohenteissa ja
polttoaineissa, tekstiili- ja nahkateollisuudessa, kemiallisessa pesussa,
laboratorioliuottimina
sekä
teollisuuden
raaka-aineina
esim.
lujitemuoviteollisuudessa.
Pitkäaikainen altistuminen liuotinaineille voi johtaa pysyviin
keskushermostomuutoksiin, joita kutsutaan liuotinaivosairaudeksi. Sille
tyypillisiä ovat kognitiiviset oireet, jotka ilmenevät muistin ja
keskittymiskyvyn häiriöinä. Hoitoa tai kuntoutusta siihen ei ole, mutta se ei
etene, jos altistuminen loppuu. Siksi altistumisen ehkäisy on niin tärkeää.
Suomessa noin 20000 työntekijää 2.5 miljoonasta käyttää liuottimia
säännöllisesti, ja siksi heidän tulee käydä työterveyshuollon altistelähtöisissä
terveystarkastuksissa 1-3 vuoden välein. Jos työterveyshuolto tunnistaa
liuotinaivosairausepäilyn, se ohjaa työntekijän alustavien erotusdiagnostisten
kokeiden jälkeen Työterveyslaitokselle ammattitautitutkimuksiin.
Vuosittain
Suomessa
diagnosoidaan
viidestä
seitsemään
liuotinaivosairautta ammattitautina. Yleisimpiä ammatteja ovat teollisuus- ja
rakennusmaalarit, puun pintakäsittelijät, painajat, lattia-asentajat, metallin
rasvanpoistajat sekä veneenrakentajat ja muut lujitemuovilaminoijat.
Tutkimuksen tarkoituksena oli tutkia altistelähtöisiä terveystarkastuksia ja
ammattitautiseulontaa
liuottimille
altistuneilla
työntekijöillä.
Yksityiskohtaisempina tavoitteina oli selvittää, löytyykö Suomesta
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liuotinaivosairaustapauksia huolimatta lakisääteisistä terveystarkastuksista,
arvioida seulonnan vaikuttavuutta ja kustannustehokkuutta, selvittää
terveystarkastusjärjestelmän rajoituksia tunnistaa liuotinaivosairautta sekä
tutkia huonon työkyvyn riskitekijöitä liuotinaltistuneilla työntekijöillä.
Kysely, jossa selvitettiin liuotinaltistumista liuotinaivosairauteen sopivia
oireita sekä terveydentilaa, lähetettiin. 3640 työntekijälle aloilla, joissa on
suurin liuotinaivosairausriski Vastaajat, joilla oli oireita, riittävästi
altistumista eikä muuta syytä oireille kutsuttiin työterveyshuollon
erikoislääkärin kliiniseen tutkimukseen. Tämän jälkeen asiantuntijaraati
arvioi kaikki tapaukset, ja ne joilla oli liuotinaivosairausepäily, ohjattiin
Työterveyslaitokselle ammattitautitutkimuksiin. Lopulta diagnosoitiin
kaikkiaan 18 uutta liuotinaivosairautta.
Tämä tutkimus osoitti, että uusia liuotinaivosairaustapauksia löytyy
Suomesta
huolimatta
lakisääteisestä
työterveyshuollon
terveystarkastusjärjestelmästä. Toisaalta se myös osoitti, että tapauksia voi
löytää kohtuuhintaisilla menetelmillä, jotka ovat sovellettavissa
työterveyshuollossa.
Yllä olevan portaittaisen postikyselyn ja kliiniset tutkimukset yhdistävän
seulonnan (PPK- seulonta) ja työterveyshuollon terveystarkastusten
kustannuksia verrattiin toisiinsa. Selvisi, että PPK-seulonta löytää uuden
liuotinaivosairaustapauksen 1/30:lla terveystarkastusten hinnasta. Lisäksi
löydetyt tapaukset olivat nuorempia ja eläkkeelle päätyneiden osuus
merkittävästi alempi (6.7% vs. 74%), mikä viittaa siihen, että PPK-seulonta
löysi liuotinaivosairauden lievempänä tai varhaisemmassa vaiheessa, kun
työkykyä oli jäljellä.
Löydettyjen 18 liuotinaivosairaustapauksen aiemmat potilaskertomukset
työterveyshuollosta analysoitiin retrospektiivisesti. Tutkimus totesi, että
vaikka lakisääteiset altistelähtöiset tarkastukset oli tehty, niissä ei aina
noudatettu annettuja ohjeita sisällöstä. Yleinen terveysneuvonta vaikutti
hallitsevan terveystarkastusten sisältöä jättäen työhön ja altisteisiin liittyvät
asiat varjoonsa.
Liuottimille altistuneiden Työkykyindeksiä (TKI) ja Työkykypistemäärää
verrattiin kansalliseen vertailuaineistoon. Tutkimus osoitti, että liuotinaltistus
on heikko itsenäinen huonon työkyvyn riskitekijä, alkoholin suurkulutuksen
luokkaa. Kuitenkin ikä, muut sairaudet sekä työttömyys vaikuttivat työkykyyn
paljon enemmän.
Tämä tutkimus tehtiin maassa, jossa on omaleimainen lakisääteinen
työterveyshuoltojärjestelmä, hyvä työhygienia ja liuotinaltistus laskussa, ja se
koski varsin harvinaista ammattitautia. Samankaltaiset haasteet
ammattitautien tunnistamisessa koskenevat kuitenkin muitakin maita ja
altisteita.
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1 INTRODUCTION
The global burden of occupational diseases (ODs) is heavy, and millions of
workers suffer adverse health effects from their work every year (Nelson et al.
2005, Rappaport 2011). In addition, a significant part of work-related ill health
remains unrecognised, and under-detection of ODs is a worldwide challenge
(Azaroff et al. 2002, Rosenman et al. 2006, Carder et al. 2015, Samant et al.
2015). The majority of the global working population lacks occupational health
services (OHS), and primary health care has neither the resources nor the
competence to identify ODs (Rantanen 2007). In addition, the recording of
ODs is often insufficient or completely lacking, especially in developing
countries (ILO country profiles 2019). However, even in developed countries
with advanced health care and reporting systems, ODs are both underdetected and under-reported (Azaroff et al. 2002, Rosenman et al. 2006,
Kaukiainen et al. 2009a, Sauni et al. 2009, Vandenplas et al. 2017)
The individual human strain related to an OD cannot be measured.
However, the economic burden of occupational and work-related diseases
(WRDs) and accidents can be estimated. According to the ILO, it is
approximately 4% of world’s GDP (ilo.org), which amounts to 3 trillion USD.
In Finland, a Norther European EU country, health examinations of
workers exposed to hazardous substances or physical agents involving a
special risk to health are mandatory by legislation (Karvala et al. 2019). Every
one to three years, workers are obliged to attend these exposure-based health
examinations in OHS, nearly 200 000 of which are carried out every year
(OHS statistics 2017). Despite the human and monetary resources spent on
these mandatory health examinations, neither their effectiveness nor their
cost-effectiveness has been studied accurately.
Organic solvents are a common example of a globally ubiquitous
occupational exposure. They form a diverse group of chemicals that have the
capacity to dissolve non-water-soluble substances such as fats, oils, waxes,
rubbers, and resins (Santonen et al. 2010). They are used in various industries
as thinners of paints, lacquers, and varnishes; in glues; as raw materials; and
as cleaning substances (Heikkilä et al. 2005, Tuomi & Ahonen 2010).
Hundreds of millions of tons of organic solvents are used every year
worldwide, and the global solvent market is still growing, especially in Asia
and the Pacific. Thus, millions of workers are exposed to solvents in their work.
(Grand View Research 2015). In Finland, which has a workforce of 2.5 million,
every fifth worker is exposed to solvents in their work at least occasionally, and
over 20 000 regularly (Tuomi and Ahonen 2010). Occupations and tasks in
which solvents are used frequently are construction and industrial painting,
boat building, the printing press industry, floor-layering, metal degreasing, the
manufacture of paints and varnishes, the rubber industry, shoe and leather
manufacturing, and dry cleaning (Heikkilä et al. 2005).
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Long-term occupational exposure to solvents, even at relatively low levels,
i.e. levels under occupational exposure limits, can lead to permanent central
nervous effects, with clinical manifestation called chronic solvent
encephalopathy (CSE) (White and Proctor 1997, Dick 2006, Visser 2008, Xiao
and Levin 2000, Keski-Säntti et al. 2010). This is characterised by working
memory and concentration difficulties. It may also manifest as mild
depression, fatigue, difficulties with motor skills or balance, colour vision
problems, and ototoxicity (Dryson & Odgen 2000, Viaene et al. 2001, van
Valen et al. 2009, Keski-Säntti et al. 2010, Sainio 2015).
CSE is a globally under-detected OD. The highest number of CSE cases are
detected in industrialised countries; no statistics are available in developing
countries, where solvent exposure is higher and occupational safety poorer.
However, CSE is also under-diagnosed in industrialised countries (Triebig and
Hallermann, 2001, van der Hoek et al. 2001).
Most CSE patients end up outside work life, either on long sick leaves, in
retirement, or unemployed, depending on the legislation and social security
system in the country in question (Antti-Poika et al. 1982, Gregersen et al.
1987, Ørbæk & Lindgren 1988, Mikkelsen 1997, Åbjörnsson et al. 2005, van
Valen et al. 2009). This indicates that CSE is often detected at the stage when
work ability is already clearly affected. In Finland, the majority of CSE patients
end up in early retirement (Keski-Säntti et al. 2010). The neuropsychological
symptoms of CSE, i.e. memory and concentration problems, make vocational
retraining challenging, and re-employment in an occupation with no solvent
exposure is often difficult.
This study aimed to more deeply examine exposure-based occupational
health examinations and OD screening of solvent-exposed workers. Its specific
goals were to determine whether new cases of CSE can be found despite
mandatory OHS health examinations, to evaluate the effectiveness and costs
of CSE screening, to determine the limitations of periodical health
examinations in detecting CSE, and to study the risk factors of poor work
ability among solvent-exposed workers.
This study was conducted in an industrialised country with good
occupational hygiene and declining solvent exposure levels, and it concerned
a rare OD. In addition, the Finnish mandatory OHS system is globally unique.
However, other countries and exposures may face the same kinds of challenges
in OD detection.

18

2 REVIEW OF THE LITERATURE
2.1 OCCUPATIONAL DISEASES AND WORKERS’
HEALTH SURVEILLANCE GLOBALLY
2.1.1

GLOBAL BURDEN OF WORK-RELATED AND
OCCUPATIONAL DISEASES

The worldwide burden of OD and other work-related disease (WRD) is notable
(Nelson et al. 2005), and it has been estimated that up to 70%–90% of chronic
diseases can be partly linked to environmental factors, including work
(Rappaport 2011). An occupational disease is any disease contracted primarily
as a result of an exposure arising from work, whereas work-related diseases
have multiple causes, and factors in the work environment play a role together
with other risk factors (who.int).
Both the World Health Organization (WHO) and the International Labour
Organization (ILO) have estimated that 5%–7% of global fatalities can be
attributed to work (Murray and Lopez 1996, ILO 2006). A very conservative
estimation has suggested that 11 000 000 ODs, and 700 000 work-related
deaths occur in the world each year (Leigh et al. 1999). However, underdetection of ODs is a global challenge, as a considerable proportion of workrelated ill health remains unrecognised; estimations vary from 31% to as high
as 69% (Azaroff et al. 2002, Rosenman et al. 2006, Carder et al. 2015, Samant
et al. 2015). Existing OD registries of countries differ considerably in terms of
the criteria for registration, notification and available statistical data
(Spreeuwers et al. 2010). Thus, due to the lack of reliable data and statistics in
many countries, comparable and accurate OD statistics are not available at the
global level (Takala et al. 2014, Rushton 2017). A systematic review showed
that meetings or educational materials directed to physicians do not
substantially increase the reporting of ODs (Curti et al. 2015).
The economic burden of ODs is also considerable. In the US alone, the
number of fatal and non-fatal occupational illnesses was estimated to be more
than 53 000 and nearly 427 000, respectively, with respective cost estimates
of $46 billion and $12 billion (Leigh 2011). According to the ILO’s estimation,
the economic costs of work-related illness and injury vary from 1.8% to 6.0%
of GDP in different countries, the average being 4% (Takala et al. 2014). If the
costs of involuntary early retirement were taken into account, the amount
would be considerably higher; for example, in Finland up to 15% of GDP.
However, this estimate covers various disorders for which work and working
conditions may be just one factor among many, or for which work may
aggravate health problems (Takala et al. 2014). The annual economic cost of
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ODs has been approximated as €100 million in Finland (Rissanen & Kaseva
2014).
In Finland, the annual rates of ODs have fluctuated from year to year, but
total incidence declined from 25.0/10 000 employees in 1975 to 20.1/10 000
employees in 2013. This decline has been steady from 2005 onwards (Oksa et
al. 2019). The explanatory factors for this include the development of
technology and investments in occupational safety and health made by both
society and workplaces, the decreased number of manufacturing workplaces
in manufacturing, and in some cases under-detection and under-reporting
(Oksa et al. 2019).

2.1.2 WORKERS’ HEALTH SURVEILLANCE
The ILO’s List of Occupational Diseases was adopted in 2002 and revised in
2009 (ILO 2010). It aims to assist countries in the prevention, recording,
notification and, if applicable, compensation of diseases caused by work.
However, the policies and practices for identification, reporting and
compensation still vary substantially between countries. Even in Europe, as
many as 33 different OD surveillance systems were identified and described
through a survey in the 20 European Union countries that are members of
the Modernet network (Carder et al. 2015).
OHS are provided by the employer to support employees’ work ability and
promote a healthy work environment and safe working conditions. They
represent a reasonable forum for workers’ health surveillance, and e.g. in
Finland, OHS health examinations are obligatory for exposed workers
(Karvala et al. 2019). In Sweden too, the work environment authority demands
health surveillance in its recent statute (Arbetsmiljöverket 2019). In the US,
OSHA (the Occupational Health and Safety Administration) advises
employers to provide workers with access to medical examinations if they are
exposed to hazardous substances (Koh & Aw 2003). In the UK and Singapore,
medical examinations are statutory for exposed workers (Koh & Aw 2003).
However, there are notable differences between countries as to which
substances and hazards are considered to require surveillance, and many
countries do not screen or even report ODs at all (ILO country profiles 2019).
Over 80% of the global workforce lacks access to OHS (Rantanen 2007). In
many countries, OD detection is among the numerous duties of primary health
care, which refers workers with a suspected OD for diagnostic investigations
(ILO country profiles 2019). However, the effort to train basic health care
professionals to prevent, recognise or report work-related adverse health
effects seems insufficient (Moyo et al. 2015, Curti et al. 2015). Thus,
international institutions, including WHO, the ILO and ICOH have put great
effort into presenting and promoting basic OHS (BOHS) globally, and actively
recommend workers’ health surveillance through health examinations
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(Rantanen 2007). Screening projects also seem to be effective in detecting new
ODs (Spee et al. 2012).

2.2 OCCUPATIONAL HEALTH SERVICES AND
WORKERS’ HEALTH SURVEILLANCE IN
FINLAND
2.2.1 OCCUPATIONAL HEALTH SERVICES IN FINLAND
In Finland, employers are obligated to arrange preventive OHS for their
employees (Occupational Health Care Act 2001/1383). In addition, employers
can voluntarily provide access to curative care at a general practitioner level to
their employees. Employers are entitled to reimbursement for the necessary
and reasonable costs of OHS by the Social Insurance Institution of Finland for
up to 50%–60% of the total sum (Occupational Health Care Act 2001/1383,
OHS statistics 2017).
OHS coverage of the Finnish employed workforce is high; over 85%.
However, low coverage exists among workers of small enterprises and
entrepreneurs. Employers can choose whether to produce OHS independently
or together with other employers. In addition, they can purchase OHS from
private service providers or municipal health centres and corporations. The
majority, over 50%, of the workforce is covered by private-owned OHS
producers (OHS statistics 2017).
The purpose of OHS is to prevent work-related illness and accidents, to
promote employees' work ability and functioning, and to help workplaces
function more effectively. The obligations and duties of OHS national
Occupational Health Care Act are many: assessment of the healthiness and
safety of work, investigation and monitoring of work-related health risks and
problems, and the provision of information and guidance to improve the
healthiness and safety of work. Duties also include adapting work to suit the
needs of the employee and maintain and promote their work ability and
functional capacity; measures to support a disabled employee cope at work;
advising and referring to medical or vocational rehabilitation; cooperation
with other actors, such as health care services, authorities, insurance, or social
services when needed; and participation in organising first aid. (Occupational
Health Care Act 2001/1383)
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2.2.2 HEALTH EXAMINATIONS IN FINNISH OCCUPATIONAL
HEALTH SERVICES
Health examinations are a fundamental part of OHS activities in Finland. Over
one million health examinations are conducted each year, a figure that has
remained rather steady over the years (OHS statistics 2017). The general goal
of health examinations is to protect employees from work-related health risks,
and to enhance their capacity and health to maintain their work ability.
The several different kinds of OHS health examinations have diverse goals
and methods (Figure 1). Some health examinations are obligatory for both the
employer and workers. Examinations in work with exposure to hazardous
substances of physical agents involving a special risk to health (later,
exposure-based examinations) are mandatory (Decision of the Council of State
2001/1485), and their content and regularity is defined in national guidelines
(Taskinen et al. 2011, Karvala et al. 2019). According to legislation, the
occupational health (OH) physician is in charge of these examinations,
although OH nurses also participate in their implementation. Almost 200 000
exposure-based health examinations are conducted every year (OHS statistics
2017). In addition, health examinations due to the health requirements of
specific work are mandatory, for example, examinations of firefighters or
seafarers (Figure 1).
OHS also carry out numerous different voluntary health examinations in
Finland. These include examinations for promoting workers’ functional
capacity and work ability, age-based examinations, voluntary pre-employment
examinations, examinations to assess work ability, examinations to give
guidance and counselling to workers with disabilities to enable them to
continue working, examinations due to long sick leave, health-promoting
examinations, and examinations for maintaining work ability and assessing
the need for and referral to rehabilitation (Figure 1).
A recent Finnish study of OHS health examinations revealed that most
attendees found the examinations to be beneficial. According to the study, the
examinations focused on health and lifestyle, and guidance and counselling
provided by OHS professionals was the main means of influence. Objectives
and measures, in turn, were rarely discussed or decided upon. In addition,
inadequate recording of information and the lack of health plans reduced the
efficiency of follow-up. (Leino et al. 2014)
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Figure 1 Different types of occupational health examinations

2.2.3 FINNISH OCCUPATIONAL HEALTH SERVICES AND
ECONOMICS
According to the most recent statistics in Finland, OHS covers 86.4% of
employees, which means 1 855 million people. Coverage has remained high
and stable, over 85%, during the 2000s (OHS statistics 2017).
At the same time, the costs of OHS have risen steadily. The total cost of
OHS was over €500 billion in 2005 and over €800 billion in 2017. In addition,
the annual cost per capita rose from €130 to €190 during the same time period.
The size of the workplace has an effect on costs: mean costs are lower in
smaller workplaces than in bigger ones, and costs are highest in workplaces
with 100–499 employees. (OHS statistics 2017)
However, despite rising OHS costs, their share of total health expenditure
is only 4.2%, even though over a third of the Finnish population are within the
scope of OHS (Hujanen & Mikkola 2016).
One of the most researched fields within OHS economics is sickness
absence and its costs, both globally (Henderson et al. 2005, Cooper and Dewe
2008, Ziebarth & Karlsson 2010, Markussen 2011) and in Finland (Hemmilä
2002, Taimela et al. 2008, Toppinen-Tanner 2016). Sick leave statistics are
easily accessible, and the costs to workplaces and society are notable. The same
also applies to disability pensions (Herbertsson & Orszag 2001, Ebbinghaus
2004, Karttunen et al. 2015, Reiman et al. 2017, Forma 2018). The effects of
work ability and health on productivity have also been studied in the 2000s
(Liira et al. 2000, Martimo et al. 2009, Dewa & McDaid 2011, Vänni et al. 2015,
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Reiman et al. 2017). Unfortunately, all these only partially measure the
effectiveness of OHS’ actions, as various other individual and societal factors
such as motivation, workplace culture, economic cycle, and organisational
leadership also influence them on multiple levels (Viljamaa et al. 2012).
However, the Druvan project in a small Finnish municipality showed that
an investment in OHS created a 46% return on investment (ROI) (Rissa 2007,
Ahonen & Näsman 2008). The result may not apply to all workplaces, but
suggests that OHS should be seen as an investment instead of a cost.
Despite the considerable amount of money and resources invested in
exposure-based health examinations in Finland (OHS statistics 2017), no
studies have examined their cost-effectiveness.

2.3 ORGANIC SOLVENTS –A UBIQUITOUS
OCCUPATIONAL EXPOSURE
2.3.1 ORGANIC SOLVENTS AND THEIR CLASSIFICATION
Organic solvents are liquid compounds, which are used to dissolve or dilute
substances that are insoluble in water, such as oils, fats, waxes, resins, rubber,
and plastic materials.
A solvent can be defined as any liquid substance capable of serving as a
carrier for another substance, as a means of separation or extraction of another
substance, or as a medium for conducting a chemical reaction. Meanwhile, the
word organic refers to compounds that contain carbon bonds and in which at
least one carbon is covalently linked to some other type of atom such as
hydrogen, oxygen or nitrogen.
Organic solvents contain at least one carbon and one hydrogen molecule.
Aliphatic compounds are chain-formed, whereas aromatic compounds form a
six-carbon ring. In alcohols, the hydrogen group is substituted by a hydroxyl
group, and in ketones and esters, by a carbonyl group. Halogenated
hydrocarbons contain a substituted halogen element, such as chloride. (Lide
& Milne 1995, Heikkilä et al. 2005).
Although organic solvents are a heterogeneous group of chemical
compounds, they share a few chemical and physical properties. Often are they
fluids with low boiling points, and thus evaporate easily even at room
temperature. They are also lipophilic in nature and have a low molecular
weight. (Lide & Milne 1995, Heikkilä et al. 2005, Sainio 2015)
Organic solvents are classified as aliphatic, aromatic, chlorinated, alcohols
and glycols, ketones and esters (Xiao & Levin 2000, Heikkilä et al. 2005)
(Table 1).
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Table 1

Classification of organic solvents and examples of their uses (Modified from Sainio
2015)

Chemical group

Aliphatic

Examples of

Examples of main sources and

compounds

occupational use

n-Hexane

Paints, lacquers, varnishes, glues, printing

hydrocarbons
Aromatic

inks; rubber and shoe industry
Toluene

hydrocarbons

Paints, fuel oils, cleaning agents, paint
thinners, lacquers; printing press industry, car
and spray painting, linoleum lying

Styrene

Polymerised plastic, aircraft fuel, rubber;
reinforced plastic lamination, boat building,
fiberglass production, manufacturing of
polymers, copolymers and polyester resins

Xylene

Paints, lacquers, inks, varnishes, glues, dyes;
polyester production, photogravure printing,
spray painting, rubber and textile industry

Chlorinated

Trichloroethylene

hydrocarbons

Adhesives, paint removers; metal degreasing,
dry cleaning, textile and leather industry

Perchloroethylene

Metal degreasing, dry cleaning, textile

Trichloroethane

industry Adhesives, inks, paints, glues; cold
and dip cleaning, degreasing, metal painting

Methylene chloride

Paint and varnish removing, metal degreasing,
metal paining

Alcohols and glycols

Methanol, ethanol,

Solvents and detergents

propanol, butanol
Ketones

Methyl ethyl ketone

Adhesives, dyes, paints; cleaning, coating,
paint stripping, chemical and textile industry

Esters

Ethyl acetate

Paints, coatings, adhesives, inks; painting,
chemical manufacturing
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2.3.2 SOLVENTS IN WORK LIFE
Tens of millions of tons of organic solvents are used every year worldwide. The
global market for solvents was 18 303.2 kilotons in 2013 and it is expected to
reach 22 973.4 kilotons by 2020. Thus, in various industrial sectors, millions
of workers are exposed. Global solvent use has been continuously rising,
particularly in emerging countries in Asia Pacific and Latin America. (Grand
View Research 2015).
In Finland, solvent use has remained fairly constant (Heikkilä et al. 2005).
Approximately 20 000 workers are exposed regularly to solvents (Tuomi &
Ahonen 2010), and as many as every fifth reported encountering solvents at
least sometimes in their work (Kauppinen et al. 2010). In the construction and
maintenance field, 57% reported that they used solvents, and 29% experienced
discomfort due to solvents. In industry, the respective figures were 46% and
35%, and in agriculture, 51% and 17% (Kauppinen et al. 2010). Due to their
reproductive effects, solvents are one of the main causes of special maternity
allowance (Kauppinen et al. 2010).
Solvents are often used as mixtures to achieve optimal dissolving
properties. A good example of a widely used solvent mixture is the thinner,
White spirit (also known as mineral spirits, mineral turpentine, solvent
naphtha, petroleum, Varsol, and Stoddard solvent), which contains a different
mixture of aliphatic, open chain and alicyclic hydrocarbons (Damgård Nielsen
et al. 2006).
Solvents are utilised in lacquers, varnishes, paints, inks, glues, thinners,
and fuels. They are also used as a raw material in various industries, such as
construction, industrial painting, the printing press industry, the textile and
leather industry, shoe manufacturing, dry cleaning, boat building, reinforced
plastic laminating, metal degreasing, floor-layering, and laboratory work.
(Heikkilä et al. 2005, Keski-Säntti et al. 2010) (Table 1)
In developed countries, the exposure levels have generally declined in
recent decades (Caldwell et al. 2000, van Rooij et al. 2008). However, there is
a notable variation between different industries. In construction painting, the
exposure levels have declined markedly (Kaukiainen at al. 2004a), but in boat
building, styrene levels have not declined since 2000 (van Rooij et al. 2008,
Surakka 2011, Bäck et al. 2016).
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2.4 ADVERSE HEALTH EFFECTS OF ORGANIC
SOLVENTS
2.4.1 CHRONIC SOLVENT ENCEPHALOPATHY
If exposure continues for years or decades, even at much lower levels than the
occupational exposure limits, it may have permanent effects on the central
nervous system (CNS). CSE is the hallmark of solvents’ adverse health effects
(White and Proctor 1997, Dick 2006, Visser 2008, Keski-Säntti et al. 2010,
Spee et al. 2012, Sainio 2015). The condition is irreversible, and there is no
cure, but it does not progress if exposure ceases (Dryson & Odgen 2000,
Viaene et al. 2001, van Valen et al. 2009, Keski-Säntti et al. 2010).
The first evidence that organic solvents can cause adverse cognitive effects
emerged in the 1960s, when a Finnish researcher, Helena Hänninen,
published articles on neuropsychological performance in occupational
toxications, and proposed ‘psycho-organic syndrome’ or ‘organic solvent
syndrome’ as a new OD (Hänninen 1967). After this, more scientific evidence
emerged, starting from the Nordic countries (Lindström 1973, Hänninen et al.
1976, Husman & Karli 1980, Antti-Poika 1982, Gregersen et al. 1984, Riala et
al. 1984, Matikainen et al. 1993, Hakkola 1994), and spreading globally
(Benignus 1981, Baker et al.1985). In 1985, WHO held a symposium which
defined the neurological effects of solvents, their classification, and diagnostic
criteria (WHO 1985). In 1997, The Lancet published an article on the
neurotoxicity of solvents (White and Proctor 1997), and awareness started to
grow. However, there has been ambivalence regarding the nature and
characteristics of this condition (Ridgeway et al. 2003). In addition, the
detection of CSE has been challenging, and a need for common criteria and
guidelines has been recognised (Triebig & Hallerman 2001).
At the moment, CSE is recognised as an OD in many countries. Since 1990
it has been on the European List of Occupational Diseases (Information
Notices EU 2009), and since 2009 on the ILO’s List of Occupational Diseases
(ILO 2010). In 2012, the European Consensus of Neuropsychological
Assessment Characteristics and Guidelines (van Valen et al. 2012) further
strengthened the recognition.

2.4.1.1 Symptoms and clinical signs of CSE
The core symptoms of CSE are neuropsychological: memory disturbances,
difficulties learning new things, and concentration problems. In addition,
headache, fatigue, mild depression, irrelativeness, and disturbances in colour
vision and balance may occur. (White & Proctor 1997, Dick 2006, van Valen et
al. 2012, Sainio 2015)
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Cognitive dysfunction is the hallmark of CSE. Clinical neuropsychological
assessment shows mild to moderate insufficiency of memory, especially
working memory; learning; attention; targeting of attention resources;,
abstract reasoning; visuospatial functions; and information processing speed,
which are part of the executive functions of the brain (Akila et al. 2006,
Kaukiainen et al. 2009b, van Valen et al. 2012). The working memory
dysfunction differentiates CSE from Alzheimer’s disease, but resembles that
seen in Parkinson’s disease (Akila et al. 2006), which also indicates impaired
executive functions.
The dysfunction of these cognitive processes explains the everyday
challenges of CSE patients, i.e. difficulties in short-term memory, encoding
new information, and recapturing it from memory storage (Akila et al. 2006,
Sainio 2015). The impairments most often seen within the domains of
attention and motor performance are in the subdomains of informationprocessing speed and motor speed (van Valen et al. 2012). However, poorer
performance has been observed among CSE patients in comparison to healthy
controls, regardless of the memory process studied, and the limitations in
working memory capacity might be the underlying mechanism (van Valen et
al. 2012).
Solvent exposure may lead to premature ageing (Ridgeway et al. 2003,
Nordling Nilson et al. 2002, 2007, 2010), resembling that seen in alcohol
abuse (Boutros et al. 2000). Symptom awareness is typical in CSE (Hooisma
et al. 1994, Carter et al. 2002, Kaukiainen et al. 2009a, Spee et al. 2012), and
poor symptom awareness may indicate a non-occupational aetiology
(Kaukiainen et al. 2009a, Keski-Säntti et al. 2010).

2.4.1.2

Classification of CSE

CSE can be classified by WHO’s International Classification of Diseases (ICD10) as toxic encephalopathy (G92), with a defined causal effect of organic
solvents (*T52.x). Although the Diagnostic and Statistical Manual for Mental
Disorders (DSM-IV) does not mention CSE, substance-induced persistent
dementia (292.82), amnestic (292.83) or other cognitive disorders (249.9) can
be used to describe CSE.
In 1985, WHO introduced diagnostic criteria and classification for CSE
(WHO 1985). Two years later, a Workshop on Neurobehavioral Effects of
Solvents in Raleigh, the US, presented a somewhat different classification,
which divided WHO Class 2 into two subclasses (Cranmer & Goldberg 1987,
van der Hoek et al. 2000) (Table 2). In Finland, workers with only Type I
symptoms are not diagnosed with CSE; diagnosis requires dysfunction of at
least Type II (Kaukiainen et al. 2009a, Keski-Säntti et al. 2010).
An international study revealed that only 8 out of 18 diagnostic centres
used either WHO’s (four) or Raleigh’s (four) criteria (van der Hoek et al. 2001).
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Table 2

Classification of CSE according to criteria of WHO (WHO 1985) and Raleigh

(Cranmer & Goldberg 1987)
WHO criteria
Type I

Organic affective syndrome

Raleigh criteria
Type 1

Symptoms only

Depression, irritability, loss of

Non-specific symptoms e.g.

interest in daily activities

fatigue, memory impairment,
difficulty concentrating and
loss of initiation.
No objective evidence of
neuropsychiatric dysfunction.

Type II

Mild chronic toxic

Type 2A

Sustained personality or

encephalopathy

mood change

Fatigue, mood disturbances,

Marked and sustained change

memory complaints, attentional

in personality, involving

complaints

fatigue, emotional lability,

Psychomotor function, short-

impulse control, and general

term memory or other
abnormalities common.

mood and motivation
Type 2B

Impairment in
intellectual function
Difficulties concentrating,
memory impairment, reduced
learning capacity.
Objective evidence of
impairment may include
minor neurological signs.

Type III

Severe chronic toxic

Type 3

Dementia

encephalopathy

Marked global deterioration

Loss of intellectual abilities of

in intellect and memory, often

sufficient severity to interfere

accompanied by neurologic

with social or occupational

signs and neuroradiological

functioning; impairment of

findings.

abstract thinking; impaired
judgement; other disturbances
of cortical function; personality
change.
Same type of abnormalities as
in Type II, but more
pronounced and pervasive
findings.
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2.4.1.3 Clinical course of CSE
At the exposure levels of developed countries, CSE typically takes decades to
develop, and is rarely seen in cases of less than five years of exposure (KeskiSäntti et al. 2010, van Valen at al. 2018). At the very beginning (Type I), the
condition can be reversible after a longer period of no exposure, but later
(Types II–III) it becomes irreversible (Dryson & Odgen 2000, van Valen et al.
2009, Sainio 2015). A systematic review (van Valen et al. 2009) showed that
slight improvement may occur with time, but symptoms mostly remain stable.
Those with the most severe symptoms at the moment of diagnosis made the
most improvement.
Cognitive symptoms, i.e. memory and concentration disturbances, are
among the earliest signs of CSE, and milder cases usually have only these
(Chouanière et al. 2002). Because CSE is a non-progressive condition,
symptoms do not increase after cessation of exposure (Kaukiainen et al. 2009,
van Valen et al. 2009). However, some studies suggest that previous solvent
exposure may exacerbate the cognitive deterioration of normal ageing
(Nordling Nilson et al. 2007, 2010).
CSE symptoms do not appear after a latency period, i.e. after a solvent-free
period. However, in some cases the identification of CSE might be delayed and
thus takes place after the cessation of solvent work. In addition, as symptoms
develop gradually, symptom onset is not always easy to detect. (Keski-Säntti
et al. 2010)
Because no effective treatment or rehabilitation for CSE-related
neuropsychological dysfunction exists (van Hout et al. 2008), a measure to
prevent further deterioration is to minimise future exposure, both
occupational and leisure-time. This can be enhanced by the use of non-solvent
based chemicals, proper ventilation, personal protective equipment, or
changing to non-solvent work (Bäck et al. 2016).

2.4.1.4 Diagnostics of occupational CSE
The diagnostics of CSE rely on three corners: (1) Existence of substantial
occupational solvent exposure; (2) CSE-related clinical symptoms and
findings in clinical examinations; and (3) differential diagnostics excluding
other possible conditions that could explain the symptoms (WHO 1985, van
Valen et al. 2012, Sainio & Furu 2019).
The estimation of solvent exposure requires a thorough occupational
history interview which includes listing the type of solvents, the time period,
how long they have been used, the way in which they have been used,
ventilation, as well as the use of personal protective equipment. When the
biomonitoring results or occupational hygienic measurements of the
workplace are available (Santonen et al. 2010), they enhance the assessment.
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However, exposure estimation is challenging, as it is based on the worker’s
recall. At the OHS or basic health care level, estimation is usually only
approximate, and occupational hygienists’ services in specialised clinics are
often needed for a thorough estimation (White & Proctor 1997, van Valen et al.
2012, Sainio & Furu 2019).
In 2009, a European expert group suggested that 10 years of daily solvent
exposure is regarded as sufficient exposure to induce CSE, but a shorter time
can be accepted in cases of high exposure levels. In addition, the latency
between symptom onset and the cessation of solvent exposure should not
exceed a few months. (van Valen et al. 2012)
A CSE diagnosis requires the presence of typical neurotoxic symptoms, i.e.
memory and concentration disturbances. Physical symptoms are not
necessarily present in milder cases (Chouanière et al. 2002). Thus, the
diagnostics shall always include a valid clinical neuropsychological assessment
to show typical findings compatible with CSE. A European consensus on the
neuropsychological assessment of CSE provides neuropsychological
characteristics and diagnostic guidelines (van Valen et al. 2012).
As the symptoms and signs of CSE are non-specific and common in the
general population, thorough differential diagnosis is crucial. Careful
differential diagnostic examinations, together with a follow-up period of at
least one year, decrease misdiagnoses of CSE (Kaukiainen et al. 2009b, van
Valen et al. 2012).
Other CNS disorders, such as neurodegenerative, vascular and
inflammatory diseases, neoplasms, and traumatic brain injuries should be
excluded, and thus MRI, laboratory tests and sometimes EEG are needed. Mild
brain atrophy is associated with CSE, but MRI findings of CSE are nonspecific, which reduces the helpfulness of MRI in differential diagnostics
(Keski-Säntti et al. 2009). In addition, non-specific quantitative EEG
abnormalities have minimised the use of EEG in CSE diagnostics (Keski-Säntti
et al. 2008). Decreased P300 amplitudes have been found in CSE patients at
the group level (Keski-Säntti et al. 2007), and a recent study of multimodalevent-related potential (ERP) indicated that CSE patients may have slower
performance speed and difficulties allocating attention, suggesting disturbed
brain activity in the posterior aspects of frontoparietal continuity (Keski-Säntti
et al. 2012). However, these are so far not applicable in diagnostics.
In differential diagnostics, other conditions that may affect cognition
should be taken into account: metabolic disorders such as thyroid dysfunction,
sleep disorders such as sleep apnoea, chronic pain, psychiatric disorders, and
alcohol and other substance abuse (Sainio 2015).
Comorbidity with different psychiatric disorders is common in CSE. An
increased risk of major depressive disorder, dysthymia, panic disorder, and
anxiety has been detected (Morrow et al. 2000, 2001, Visser et al. 2011), and
low mood is also among the symptoms of CSE (Xiao and Levin 2000, Morrow
et al. 2000, Kaukiainen et al. 2009b). However, it is often impossible to
distinguish whether these are reactions to lowered functionality and quality of
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life or due to other non-occupational circumstances (Morrow et al. 2001,
Visser et al. 2011). Sleep-related symptoms are common in CSE (Kaukiainen
et al. 2009b, Viaene et al. 2009), but sleep disorders such as sleep-apnoea are
considered a differential diagnostic condition (Viaene et al. 2009).
It may be impossible to distinguish the neurotoxic adverse effects of alcohol
abuse from the effects of occupational solvent exposure. However, typical
alcohol-related symptoms such as ataxia and polyneuropathy are not typical
of CSE (Keski-Säntti et al. 2010). Some studies have shown higher alcohol
consumption in solvent-exposed occupations (Lundberg et al. 1992, Daniell et
al. 1999, Kaila-Kangas et al. 2016).
A Finnish study (Keski-Säntti et al. 2010) showed that co-morbidities with
other diseases sometimes make it impossible to distinguish whether solvents
are the main cause of symptoms, even if neuropsychological tests show CSEcompatible findings.

2.4.1.5 Prevalence of occupational CSE
Nationally reported occurrences of CSE vary considerably, and the reported
incidence does not correlate with the amount of solvents used in different
countries (Triebig & Hallermann 2001, van der Hoek et al. 2001). CSE has
shown to be under-detected globally, also in industrialised countries
(Kaukiainen et al. 2009a, Triebig and Hallermann 2001, Dryson and Ogden,
1998, Kim et al. 2010, Spee et al. 2012). Possible explanations for these varying
incidences include under-reporting, differences in national legislation, a lack
of primary health care or OHS, and a lack of OD awareness. However, there is
no comprehensive insight into these reasons (White and Proctor 1997, Dick
2006, Xiao and Levin 2000, Triebig and Hallermann 2001, van der Hoek et
al. 2001).
Due to better detection and higher awareness, the highest numbers of CSE
have been reported in industrialised countries, i.e. the Nordic countries, the
Netherlands and New Zealand. This is in contrast with the declining solvent
exposure and advanced occupational hygiene of these countries.
The same occupations dominate CSE statistics regardless of the country. In
New Zealand (population of 4.25 million), 76 CSE cases were detected between
1993 and 1997, and the most common occupations were spray painters,
printers and boat builders (Dryson and Ogden 1998). In the Netherlands
(population of 16.5 million), under ten cases are diagnosed annually, and the
most common occupations are painters, paint sprayers and printers (van der
Laan et al. 2015, www.occupationaldiseases.nl). In Norway (population of 4.7
million), 40 occupational CSE cases are diagnosed annually (Leira et al. 2006).
In Finland (population 5.4 million), the number of annual CSE cases declined
from 18 to 7 between 1995 and 2007 (Keski-Säntti et al. 2010, van der Laan et
al. 2015). South Korea (population of 48.9 million) had reported only six CSE
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cases by 2009; five of which were painters and one a degreaser (Kim et al.
2010, Kim and Kang 2010).
Little is known about the occurrence of CSE in developing countries, where
solvent use is abundant and occupational hygiene insufficient, making the risk
of CSE higher. However, there are some CSE studies and reports from Kenya
(Purvis et al. 2001), Lebanon (Saddik et al. 2003), South Africa (Myers et al.
1999), India (Misra and Kalita 2009), Taiwan (Song-Yen et al. 1997), Iran
(Mousavie et al. 2019), and Nigeria (Akinyemi et al. 2019).
In 1995–2007, 128 CSE cases were diagnosed in Finland (Keski-Säntti et
al. 2010), 116 of which were men and 12 women. Their mean age was 52.8,
and their mean age increased by 0.6 years annually during that time. Mean
exposure was 28.4 in years and 10.5 in occupational exposure limit years
(OELY), an index of lifetime exposure that takes into account the intensity and
neurotoxicity of the exposure (Kaukiainen et al. 2004a, Keski-Säntti et al.
2010). Keski-Säntti and co-workers also evaluated CSE incidence in certain
occupations in Finland: industrial, metal and car painters 0.8; construction
painters 0.2; floor-layers 0.7; printing press workers 0.3; reinforced plastic
laminators 0.2; and wooden surface finishers 0.9/1000 workers/year (KeskiSäntti at al. 2010).

2.4.2 OTHER CENTRAL NERVOUS SYSTEM MANIFESTATIONS
OF SOLVENTS
The acute nervous effects of solvents include dizziness, headache, nausea,
feelings of drunkenness, fatigue, memory disturbances, and light-headedness
progressing to unconsciousness. The acute health effects are usually reversible
but are an indication of high exposure levels. However, deaths have been
reported occasionally in very high levels of accidental occupational exposures
or solvent abuse known as “glue sniffing”. (Andersen et al. 1983, Dick 2006,
Kaukiainen 2009b, Sainio 2015).
The CNS is the most sensitive organ to solvents’ adverse effects (Xiao &
Levin 2000). Adverse CNS effects include disturbances in colour vision
(Paramei et al. 2004, Päällysaho et al. 2007, Attarchi et al. 2010), contrast
sensitivity, visual search performance (Näsänen et al. 2005, Ojanpää et al.
2006), olfaction (Genter & Doty 2019), and postural balance (Toppila et al.
2006). Peripheral neuropathy due to occupational solvents (Jørgensen & Cohr
1981, Dick 2006, Santonen et al. 2010) is no longer seen in Finland, as
exposures of n-hexane and methyl n‐butyl ketone have declined due to
restrictions to their use.
There is growing evidence that solvents are also ototoxic and that
occupational co-exposure with noise enhances hearing loss (SliwinskaKowalska et al. 2005, Choi & Kim 2014), styrene, toluene and
trichloroethylene having the best evidence (Vyskocil et al. 2012, Fetoni et al.
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2016, Nakhooda et al. 2019). As hearing loss is associated with cognitive
decline (Lin et al. 2013, Thomson et al. 2017), it may be a relevant determinant.
Organic solvents’ association with multiple sclerosis has not been clear, but a
recent case-control study supported the correlation (Landtblom et al. 2019).
Solvents have been associated with tremor (Lucchini & Hashim 2015), but so
far, the data on solvents’ role as a risk factor for Parkinson’s disease are
somewhat conflicting (Lock et al. 2013). A twin study, however, showed an
increased risk of Parkinson’s disease among those with occupational
trichloroethylene exposure (Goldman et al. 2012).

2.4.3 PATHOPHYSIOLOGY OF SOLVENTS IN THE CENTRAL
NERVOUS SYSTEM
Solvents evaporate at room temperature, and the main exposure route is
through inhalation. Some solvent liquids are absorbed through the skin. Due
to their lipophilicity, solvents penetrate the blood-brain barrier, reach the
nervous system and accumulate in the lipid-rich brain tissue, especially
myelin. (White and Proctor 1997, Heikkilä et al. 2005, Santonen et al. 2010,
Sainio 2015)
The absorbed solvents are metabolised in the liver, and metabolites are
removed through urine, and to some extent bile. The toxicity of the solvent
depends on the toxicity of both the solvent itself and its reactive metabolites
(Sainio 2015). Studies have shown genetic polymorphism in enzymes that
detoxify metabolites, which may explain why some people are more sensitive
to solvents’ adverse health effects (Viaene et al. 2001, Kezic et al. 2006,
Godderis et al. 2010). In addition, solvent-induced DNA methylation
alterations might have an impact on neurotoxicity and the development of CSE
(Godderis et al. 2012).
Solvents have shown to affect the neurotransmitter systems of the brain.
Studies indicate that solvents induce changes in the lipid structures of cell
membranes, which interferes with synaptic membrane transport and
intercellular communication, and interact with lipophilic portions of cell
membrane proteins, which disturbs axonal transport (Jin et al. 2004).
Solvents have shown to promote the synthesis of reactive oxygen species,
which can lead to free-radical-induced peroxidation, mitochondrial and
nucleic acid damage, and oxidative stress, all of which play a role in cellular
apoptosis (Vettori at al. 2005, Corsi et al. 2007). The complex effects of
solvents on neurotransmitter systems include effects on NMDA, GABAA,
glycine, nicotine, 5HT3 receptors (Bowen et al. 2006), and monoamine and
cholinergic neurotransmitter systems (Arlien-Søborg 1992). Effects on
dopaminergic systems (von Euler at al 1987, Mutti and Smargiassi 1998,
Gerasimov 2002, Gagnaire 2006) might explain the increased prolactin levels
in those exposed to styrene (Mutti and Smargiassi 1998).
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Solvents’ adverse effects on nervous systems are regarded as cumulative,
as are those of many other neurotoxic agents (Lucchini & Zimmerman 2009).

2.4.4 ADVERSE HEALTH EFFECTS OF SOLVENTS OUTSIDE
THE NERVOUS SYSTEM
Short-term, high-level exposure to certain solvents might cause acute tubular
necrosis, whereas long-term exposure has been suggested to be associated
with glomerulonephritis (Xiao & Levin 2000).
The hepatotoxicity of halogenated solvents has long been recognised and it
may create liver injury and centrilobular necrosis, with or without steatosis
(Xiao & Levin 2000, Brautbar & Williams 2002). However, hepatotoxic effects
have been less frequently observed after shifting to non-halogenated solvents,
such as toluene, styrene or solvent mixtures (Xiao & Levin 2000). Liver
toxicity does not occur at usual workplace exposure levels (Kurppa & Husman
1982, Kaukiainen at al. 2004b), and hepatotoxicity seems unlikely if
neurotoxic effects are not present (Xiao & Levin 2000).
Some solvents, i.e. carbon disulphide, methylene chloride and styrene,
have been associated with coronary artery disease (Wilcosky & Simonsen 1991,
Xiao & Levin 2000). The cardiovascular effects of long-term exposure, and of
exposure to solvent mixtures are still not completely clear, but it seems that
solvents may contribute to the process of ischemic heart disease (Xiao & Levin
2000, Gustavsson et al. 2001, Charles et al. 2010, Bulka et al. 2019).
Due to their ability to dissolve lipids, many solvents cause defatting of
the skin, with resulting dermatitis characterised by dryness, scaling, and
fissuring of the skin (Xiao & Levin 2000). In addition, solvents may cause
irritation of the eyes, nose, and respiratory tract, (Kaukiainen et al. 2005).
Maternal organic solvent exposure is associated with an increased risk of
miscarriages (Mcmartin et al. 1998, Attarchi et al. 2012) and some
malformations such as neural tube defects (Mcmartin et al. 1998, Garlantézec
et al. 2009, Desrosiers et al. 2012) and infertility (Salmén et al. 1995, Attarchi
et al. 2012). Solvents may also have an effect on male fertility, but evidence of
this is weaker than that among females (Sheiner et al. 2003). A meta-analysis
showed that paternal exposure to organic solvents is associated with an
increased risk of neural tube defects, but not spontaneous abortions (Logman
et al. 2005).
Benzene is classified as a Group 1 carcinogen and its use has long been
restricted (IARC 2012). It is associated with leukaemia
and
other
hematopoietic disorders, but its association with lung cancer is not as clear
(Loomis et al. 2017). Bis-chloromethyl ether and chloromethyl methyl ether
are also classified as Group 1 carcinogens (IARC 2012), and are associated with
small cell carcinoma of the lung (Xiao & Levin 2000, Brüske-Hohlfeld 2009).
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Carbon tetrachloride, chloroform, trichloroethylene, tetrachloroethylene,
ethylene dibromide, 1,2-dibromo-3-chloropropane, ethylene dichloride, and
epichlorohydrin are suspected carcinogens (Xiao & Levin 2000, IARC 2012).
Trichloroethylene exposure might increase the risk of kidney cancer (Kelsh et
al. 2010), and there is some evidence of excess cancer of the liver and nonHodgin lymphoma among workers exposed to perchloroethylene (Vlaanderen
et al. 2012). A recent case-control study suggested a possible association
between occupational exposure to aliphatic and aromatic solvents and the risk
of breast cancer among women (Glass et al. 2015). Even among men, it has
been suggested that exposure to trichloroethylene and possibly to benzene or
ethylene glycol may pose an increased risk of breast cancer (Laouali et al.
2018).

2.5 HEALTH EXAMINATIONS OF SOLVENTEXPOSED WORKERS IN FINLAND
Occupational exposure to solvents on the list of substances for which health
surveillance is obligatory is considered to belong to work with exposure to
hazardous substances of physical agents involving special risk to health
(Decision of Council of State 2001/1485). Thus, if workers are greatly exposed
to solvents, the employer is obliged to arrange health examinations for these
workers, and they are obliged to attend. In Finland, exposure 30% of the
national limit value is considered to require health surveillance. However, this
sometimes also applies to situations in which exposure in current work is low
but has been excessive during past work history, as solvents’ adverse effects
are cumulative (Sainio & Furu 2019).
Pre-employment health examinations must assess workers’ suitability for
solvent work and detect workers who are especially vulnerable to adverse
health effects due to a medical condition or personal attributes. Another goal
is to provide guidance regarding the health risks of solvents and protective
measures (Sainio & Furu 2019).
In the periodical health examinations, OHS professionals reinforce
guidance on the adverse health effects of solvents and prevention. They carry
out health surveillance of the exposed workers and aim to detect possible
adverse health effects as early as possible and refer the worker for OD
examinations (Taskinen at al. 2011, Sainio & Furu 2019).
The national guidelines (Taskinen et al. 2011, Sainio & Furu 2019) give
fairly detailed instructions on OHS health surveillance. Firstly, lifelong solvent
exposure should be elicited and estimated. Secondly, possible neurotoxic
symptoms are inquired about using a screening tool, the Euroquest (EQ)
neurotoxic screening questionnaire (Chouanière et al. 1997, Karlson et al.
2000). Questions 38–47 concerning memory and concentration are the core,
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with a cut-off level of three or more “often” or “very often” answers
(Kaukiainen et al. 2009a). Thirdly, OHS should perform preliminary
differential diagnostics which include for instance major depression, sleep
apnoea, thyroid dysfunction, chronic pain, and alcohol misuse, all which may
mimic the symptoms of CSE and should be treated before the final diagnosis
is made. They do not exclude CSE, but affect which further examinations are
required. If suspicion of possible CSE remains after preliminary differential
diagnostics, the worker should be referred for OD examinations to FIOH.
(Taskinen et al. 2011, Sainio & Furu 2019)
Biomonitoring should be conducted if the current exposure cannot be
otherwise reliably estimated. However, its usefulness is limited, because only
some solvents can be monitored: styrene, xylene, toluene, ethylbenzene,
benzene, and n-hexane, and many workers are exposed to solvent mixtures. In
addition, biomonitoring only reflects current exposure. (Santonen et al. 2010,
Taskinen et al. 2011, Sainio & Furu 2019).
These instructions for health surveillance have remained practically the
same since the turn of the century. However, in 2019, major changes were
made to recommendations as the national guidelines for exposure-based
health examinations were updated (Sainio & Furu 2019). Liver function
laboratory tests are no longer suggested, as laboratory tests are not effective in
detecting CSE (Kaukiainen et al. 2004b).

2.6 OCCUPATIONAL SOLVENT EXPOSURE AND
WORK ABILITY
Most workers with CSE end up outside the labour market on disability pension
or long-term sick leave due to cognitive dysfunction. The condition also limits
opportunities for vocational retraining or re-employment in non-solvent
exposed fields (Antti-Poika 1982, Gregersen et al. 1987, Ørbæk & Lindgren
1988, Mikkelsen 1997, Åbjörnsson et al. 2005, van Valen et al. 2009). Studies
have shown that CSE patients often end up unemployed (Åbjörnsson et al.
2005) or with reduced income (Bruhn et al. 1981).
In a more recent Finnish study, nearly all workers (95%) were on early
pension due to CSE at one-year follow-up (Keski-Säntti et al. 2010). This
indicates that CSE is usually diagnosed at a late stage, when work ability is
already strongly affected. However, screening seems to detect CSE patients at
an earlier stage of the disease (Spee et al. 2012).
Only a small fraction of solvent-exposed workers develop CSE, and little is
known about solvents’ effects on exposed workers’ work ability in general. One
Finnish study suggested that high solvent exposure was associated with a
higher unemployment rate (Kaukiainen et al. 2009a).
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Mild cognitive impairment is seen in exposed workers without CSE
(Nordling Nilson 2007, 2010), and it might weaken work ability already before
CSE is diagnosed. In addition, adverse solvent effects on other organ systems
may also affect work ability. As exposure levels in developed countries have
declined (Caldwell et al. 2000, van Rooij et al. 2008, Kaukiainen at al. 2004a,
Surakka 2011, Bäck et al. 2016), it is likely that solvents’ effects on work ability
will also diminish.
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3 AIMS OF THE STUDY

The aim was to study exposure-based occupational health examinations and
OD screening among solvent-exposed workers.

The specific goals of the study were:
1. to determine whether new cases of CSE can be detected in Finland despite
mandatory OHS health examinations.
2. to compare the effectiveness and costs of the stepwise postal-clinical
screening of CSE and mandatory OHS health examinations.
3. to determine the limitations of periodical health examinations in detecting
CSE
4. to investigate the risk factors of poor work ability among solvent-exposed
workers.
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4 MATERIALS AND METHODS
4.1 STUDY PROTOCOL
This thesis is based on a screening project that was carried out in 2009–2012
at FIOH (Figure 2).
In the first phase of the study, a postal questionnaire was sent to workers
in industrial fields at risk of developing CSE. The sources for identifying
participants were trade union registers and a large municipal OHS unit.
The next step was to invite the respondents with CSE-compatible
symptoms and sufficient solvent exposure to clinical examinations performed
by occupational health physicians (OH physicians). Then an expert group
discussed all the examined cases and referred those with suspected CSE to the
outpatient clinic of FIOH for diagnostic examinations to determine
occupational CSE. From here on this protocol is called stepwise postal-clinical
screening (SPC screening).
An evaluation of the costs of the screening project was carried out, after
which the costs were compared to those of the existing national standard, i.e.
OHS health examinations.
The protocol also included an evaluation of the OHS periodical health
examinations that were carried out on symptomatic CSE cases before the
detection of OD. The goal was to explain why CSE was not identified earlier
during health examinations.
Finally, we evaluated the solvent-exposed workers’ work ability and the
factors affecting it.
The protocol was approved by the Ethics Committee for Research on
Occupational Health and Safety in Work of the Helsinki University Hospital
District. Informed consent was obtained from each respondent and again from
everyone who participated in the clinical examinations.
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Figure 2

General description of study process
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4.2 STUDY POPULATION
The study population consisted of 3 640 employees in trades in which CSE was
most prevalent in Finland in 1995–2007 according to a previous study (KeskiSäntti et al. 2010) and in which organic solvents are used regularly. The fields
included were construction and industrial painting, boat construction, the
printing press industry, and the metal industry. We included two geographical
areas in Finland, i.e. the Helsinki metropolitan area and the county of
Ostrobothnia. In these counties, the number of target industries is high, and
they represent both rural and urban surroundings. These two counties cover
approximately one fourth of the total Finnish population, and this sample of
3 640 solvent-exposed workers covers approximately 18% of about 20 000
workers who are regularly exposed to solvents (Tossavainen & Jaakkola 1994,
Tuomi & Ahonen 2010).
The employees’ contact information was obtained from trade unions (the
Finnish Woodworkers’ Union, the Finnish Construction Trade Union, the
Chemical Workers’ Union the Finnish Metalworkers’ Union, and the Media
Union). The degree of unionisation is high in Finland, approximately 75% of
the whole workforce (www.mol.fi). In industry, the rate is even higher, but
field-specific numbers are not available. We also included a large municipal
occupational health care unit in the metropolitan area, which provides OHS to
the majority of industrial micro-companies in the area, in order to reach
entrepreneurs and employees with a presumably lower degree of unionisation.
When selecting workers, trade and exposure, we used regional and age
criteria. Without exceptionally high exposure, CSE usually takes at least a
decade to develop (van Valen et al. 2012). In Finland, occupational CSE has
not been encountered in workers under 30 years of age since 1995 (KeskiSäntti et al. 2010). Thus, we excluded these younger employees, as well as
those over 65, as our focus was on work life. Both Finnish- and Swedishspeaking employees were included, as these two official languages of Finland
cover over 95% of the population.
We included all workers who met the above criteria and who worked in
industrial painting, boat building, reinforced plastic laminating, floor-layering
or the printing press industry. Because the number of construction painters
outweighed that of other occupations, we had to limit these to every sixth
worker, in alphabetical order. Metalworkers’ occupational titles did not reveal
the nature of their work tasks and solvent exposure, and thus they were only
included if their employer was in the metal industry. The client registers of the
OHS unit included information on workplace risk assessment, so it was
possible to identify the workers who fulfilled the age and regional criteria and
had relevant solvent exposure. Most workers in the OHS unit’s client registers
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were also found through the trade union registers, but 90 of the 3 640 workers
were only identified through the OHS unit.

4.3 REFERENCE POPULATIONS
Four separate reference populations were used for the economic evaluation of
the screening and the work ability assessment (Table 3).
The economic evaluation used a group of workers referred to FIOH due to
suspected CSE between 2002 and 2004 (n = 128) as the reference population.
They were identified through OHS health examinations and are described
thoroughly in a previous study (Keski-Säntti et al. 2010). Their retirement
rate, age, sex distribution, OD examination results, and exposure were known,
which allowed us to make the comparison and approximate the costs of the
health examinations.
Another reference group included the 19 verified CSE cases detected in the
above population of 128 workers referred to FIOH (Keski-Säntti et al. 2010),
and their age, sex distribution, exposure, and retirement rate were compared
to the CSE cases identified through SPC screening.
In the work ability assessment we used two different reference populations.
The work ability index (WAI) of the CSE cases identified through SPC
screening was compared to Finnish reference material representing building,
maintenance and manufacturing workers in general (n = 178), since they were
of the same gender, age group, nationality and social class, and their WAI was
known (Gould et al. 2006).
The work ability score (WAS) of the solvent-exposed respondents was
compared to that of another active working population of Finnish building,
maintenance and manufacturing workers (n = 221), whose WAS was
determined. Their age, education level, socioeconomic status, and sex
distribution corresponded to that of our study population (Kauppinen et al.
2013).
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Table 3

Description of different reference populations

Reference

Description

Quantity under

population

n=

comparison

Economic evaluation
Keski-Säntti et al. 2010
Keski-Säntti et al. 2010

Workers referred to FIOH due

Costs of detecting one

to suspected CSE 2002–2004

new OD

128

Verified CSE cases detected in

Retirement rate

19

WAI

178

WAS

221

the above population of
workers referred to FIOH
Work ability comparison
Gould et al. 2006

Finnish building, maintenance
and manufacturing workers

Kauppinen et al. 2013

Actively working Finnish
building, maintenance, and
manufacturing workers

4.4 QUESTIONNAIRE AND STEPWISE POSTALCLINICAL SCREENING
The questionnaire that was sent to 3 640 workers inquired about neurotoxic
symptoms, working and exposure history, alcohol consumption, self-rated
depression, and medical history.
We excluded the respondents with severe medical diseases (such as brain
injury, severe psychiatric conditions, cerebrovascular diseases, inflammatory
and infectious brain diseases, and neurodegenerative disorders) from the
study, but respondents with, for example, thyroid disease, sleep apnoea or
diabetes were not excluded at this stage, because their symptoms mimic CSE
symptoms only when in poor balance or untreated.
Two OH specialist physicians evaluated all the questionnaires near the cutoff limits to optimise the selection by reducing the number of respondents who
needed to be invited to clinical examinations. They excluded the respondents
for whom severe medical conditions were likely to explain the symptoms, as
well as those with inadequate answers.
We invited all the respondents who had adequately answered and fulfilled
the selection criteria to the clinical examinations, i.e. they had at least three
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memory and concentration symptoms according to the EQ, sufficient solvent
exposure, and no severe medical illness that explained their symptoms.

4.4.1 QUESTIONS ON NEUROTOXIC SYMPTOMS
The EQ was used to identify potential neurotoxic symptoms, because it is
sensitive to detect CSE (Chouanière et al. 1997, Carter et al. 2002, Karlson et
al. 2000, Williamson 2007, Kaukiainen et al. 2009a). We used a CSE-sensitive
cut-off level of three or more memory and concentration symptoms (questions
38-47) to avoid non-detection of CSE (Kaukiainen et al. 2009b). OHS health
examinations are instructed to use the same questionnaire and cut-off level
(Sainio & Furu 2019). A symptom was considered present if it occurred ‘‘often’’
or ‘‘very often’’, and absent if it occurred ‘‘never/seldom’’ or ‘‘sometimes’’
(Table 4 ).

Table 4

Questions about memory and concentration in Euroquest neurotoxic questionnaire

How often have you experienced any of the following in recent months?
Seldom

Some-

or

times

Often

Very
often

never
38. Forgetfulness

1

2

3

4

39. Having to write notes to remember things

1

2

3

4

40. Forgetting what you were about to say

1

2

3

4

41. Difficulty concentrating

1

2

3

4

42. Daydreaming

1

2

3

4

43. Feeling confused when you

1

2

3

4

44. Difficulty remembering names and dates

1

2

3

4

45. Absent-mindedness

1

2

3

4

47. Difficulty remembering what

1

2

3

4

1

2

3

4

or do

try to concentrate

you’ve read/seen on TV
48. Other people complaining about
your memory
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4.4.2 QUESTIONS ON HEALTH
In addition to CSE, many other factors such as alcohol use and somatic and
psychiatric diseases may have an impact on EQ symptoms (Kaukiainen et al.
2009b).
We used the Depression Inventory (BDI-I) (Beck et al. 1988) to detect
major depression, and respondents with a BDI score of >18 (Varjonen et al.
1997) were excluded from the study. To identify and exclude excess alcohol use
we adopted the Alcohol Use Disorders Identification Test-Consumption
(AUDIT-C) (Kriston et al. 2008). We used a cut-off value of an AUDIT-C score
of > 8 (Aalto et al. 2009) to exclude heavy or binge drinkers, i.e. a weekly
average of at least 16 units (192 g absolute alcohol), or 7 units (84 g absolute
alcohol) in one day at least once in the past 28 days.
Non-occupational medical conditions can cause CSE-like symptoms
(Sainio 2015), and thus questions on medication, medical conditions, sleeping
habits, and smoking were included.

4.4.3 PARAMETERS OF EXPOSURE
We used three different exposure parameters: widely used occupation,
exposure in years, and cumulative exposure intensity score, which was
designed for the current study for use with the exposure questionnaire. To
improve the exposure questionnaire, we also applied two different ways of
scoring during the course of this study (I, IV).

4.4.3.1 Occupation
Respondents were classified into four groups according to the occupational
title they had declared: printers, painters and floor-layers, boat builders, and
metal workers.
Occupational exposure differs according to occupation, even though the
majority of solvent-exposed workers are exposed to a variety of solvents,
mainly in solvent mixtures. Boat builders are mainly exposed to styrene, but
also use other solvents to some degree (Bäck et al. 2016). Meanwhile toluene,
ethyl acetate, mineral spirits, glycol ethers and alcohols are used in the
printing press industry. In the metal industry, naphtha, petroleum, and metal
degreasing agents are the most common solvents. Painters and floor-layers
use many different lacquers, varnishes, paints, paint removers, glues, and
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thinners, which contain mineral spirits, aromatic hydrocarbons such as xylene
or toluene, and chlorinated hydrocarbons such as methylene chloride (KeskiSäntti et al. 2010).

4.4.3.2 Solvent exposure years
Solvent exposure in years is a common parameter of exposure (van der Hoek
et al. 2000, Kaukiainen et al. 2009a), and represents the time in years spent
in solvent-exposed work during one’s work history. It is classified here as: less
than 1 year, 1–5, 6–10, 11–20, 21–30, and over 30 years.

4.4.3.3 Cumulative exposure intensity score
We designed an exposure questionnaire and scoring to be used alongside the
other two parameters in order to enhance the exposure estimation.
Cumulative exposure intensity score includes the frequency and time period
of solvent use. The respondents checked their own work tasks on a list of 19
different tasks with solvent exposure (Kaukiainen et al. 2004a, Keski-Säntti et
al. 2010); the decades they had performed the work task in question (1960s–
1970s, 1980s, 1990s, 2000s and 2010s); and the frequency of solvent use
(nearly daily, weekly to monthly, more seldom, or never) (Table 5).
We describe here two somewhat different scorings for the exposure
questionnaire. One was used in the first article (I), and the other, less
complicated one in the fourth article (IV), because we wanted to further
improve the usefulness of the questionnaire.
First (Score A), we calculated this new parameter as the estimation of the
exposure from the 1960s to the 1980s; the respondents gained 20 points if they
had used solvents nearly daily (derived from 20 working days/month). Weekly
or monthly exposure was estimated to be on average four days per month, thus
scoring four points. Exposure less often than weekly to monthly gave no
points. The points were halved for solvent exposure in the 1990s–2000s, due
to improved occupational hygiene and the general decrease in solvent
exposure in work life.

The exposure score was calculated as:
𝛴i Wi · (Pi,2000s + Pi,1990s + Pi,1980s+ Pi,1960-70s),

where the summing concerned work tasks i ( i= 1,2,…,19), and Pi,j was the
amount of points gained in work task i during time period j (j = 2000s, 19990s,
1980s, 1960-70s). Coefficient Wi was 1.0 or 0.4, based on an estimation of the
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relative exposure in the different work tasks. If the level of exposure was
considered to be close to that of painting (Riipinen et al. 1991), the coefficient
was 1 (construction or industrial painting, floor-layering, pain removing,
laminating, printing, metal degreasing and vehicle and machine cleaning and
maintenance, and paint manufacturing and gluing). Meanwhile, for tasks in
which exposure was not considered as prominent (Riipinen et al. 1991), the
coefficient was 0.4 (vehicle maintenance and repairing, industrial
maintenance work with solvents, cleaning with solvents, laboratory work, dry
cleaning, shoe manufacturing and repairing, and other kinds of solvent work).
Later (Score B), the scoring of cumulative exposure was modified to
improve its usability (IV), and the same scoring was applied to all work tasks.
Accordingly, we did not weigh various decades differently; instead we used the
same scoring for all the decades. Thus, the maximum score a respondent could
achieve was 40 points, since each of the four decades could score from zero to
ten points. This was calculated as follows: The use of solvents nearly daily
scored 10 exposure points. Weekly or monthly exposure was regarded as four
days per month, corresponding to one-fifth of 20 working days in a month,
resulting in two exposure points. Exposure less often than weekly to monthly
was considered so little that it scored no points. If the respondent had
performed more than one work task during a decade, the highest score was
chosen for the calculations. We classified the respondents according to their
exposure level: None or only slight exposure (0 points), some exposure (2–8
points), moderate exposure (10–28 points), and substantial exposure (30–40
points).
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Table 5

Questionnaire on solvent exposure

Below is a list of different work tasks that involve the use of solvents. You may have done several of them. Please read
through the whole list and mark the alternatives that best describe your work throughout your working career. Please
note that you can have more than one mark on each row if you have done the same work for more than one decade
Work task

Never

Construction painting using
solvent-based painting colours/
lacquers/ varnishes

󠄀Never

Industrial painting / metal
painting/ car painting/ spray
painting with solvent-based
products

Painting/ surface finishing of
furniture or other carpentry
products using solvent-based
products

󠄀Never

󠄀Never

Paint removal using solventbased products

󠄀Never

Floor- or carpet-laying using
solvent-based products

󠄀Never

Printing press work using
solvent-based products
(silkscreen-/seri-/flexo-/offset/intaglio)

󠄀Never

Reinforced plastic lamination
(e.g. boats, yachts, containers
etc.)

󠄀Never

Degreasing or machine/ engine
washing etc. using solvent-based
products

󠄀Never

From
2010s

In 2000s

In 1990s

In 1980s

In 1970s
or 1960s

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
Often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
Often
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Work task

Never

Industrial maintenance work
using solvent-based products

󠄀Never

Vehicle/ machine/ engine repair
work using solvent-based
products or fuel

󠄀Never

Gluing using solvent-based
products

󠄀Never

Car or vehicle washing using
solvent-based products

󠄀Never

Manufacturing, painting or
printing using colours or
varnishes

󠄀Never

Cleaning work using solventbased products

󠄀Never

Rubber work using solventbased products

󠄀Never

Using solvents in laboratory
work

󠄀Never

Using solvents when
manufacturing or repairing
shoes

Dry-cleaning of clothes, footwear
or fur coats

󠄀Never

󠄀Never

From
2010s

In 2000s

In 1990s

In 1980s

In 1970s
or 1960s

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often
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Work task

Ne
ver

Some other work involving the
use of solvent-based products

󠄀Never

From
2010s

In 2000s

In 1990s

In 1980s

In 1970s
or 1960s

󠄀nearly
daily
󠄀weeklymonthly
󠄀more
seldom

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

󠄀nearly
daily
󠄀weeklymonthly
󠄀less
often

How many years altogether have you worked with solvent-based products?
󠄀 under one year

󠄀 1–5 years

󠄀 6–10 years

󠄀 11–20 years

󠄀 21–30 years

󠄀 over 30 years

4.4.4 EXPOSURE INCLUSION CRITERIA FOR CLINICAL
EXAMINATIONS
We used both solvent exposure in years and the cumulative intensity score as
inclusion criteria for clinical examinations to avoid non-detection. The cut-off
levels were low in order to avoid under-detection of CSE. Firstly, a minimum
of five years in solvent-exposed work was required, as no-one with less than
seven years in solvent work was diagnosed with CSE in 1995–2007 in Finland
(Keski-Säntti et al. 2010).
The other exposure inclusion criterion was a cumulative exposure intensity
score of at least 7, and for example weekly to monthly painting using solvent
paints in the 1970s and 1980s (exposure score = 8), or if laminating boats
nearly daily in the 2000s (exposure score = 10) exceeded this level.
We used Score A of the cumulative intensity score when we selected
workers for clinical examinations (I).

4.4.5 CLINICAL EXAMINATIONS OF WORKERS WITH
MEMORY AND CONCENTRATION SYMPTOMS
In the clinical examination, we used only procedures applicable to OHS and
primary health care practices, in order to test methods that could later be
recommended for general use. Thus, the clinical examination consisted of a
thorough interview by an OH physician, focusing on detailed work and
medical history, and neurological, cardiovascular, pulmonary, and psychiatric
medical examinations.
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To identify possible early neurodegenerative disorders such as Alzheimer’s
disease we used the neuropsychological screening battery of the Consortium
to Establish a Registry for Alzheimer’s Disease (CERAD) (Sotaniemi et al.
2012). As no routine laboratory test has diagnostic value in detecting CSE
(Kaukiainen et al. 2004b), we carried out blood analyses for differential
diagnostic purposes to exclude thyroid disease, diabetes, excessive alcohol
consumption, and anaemia. The tests included haemoglobin, blood glucose
level, blood lipid levels, thyroid hormones (T4 and TSH), creatine, liver
enzymes (ALT, AST, and Gt), folate, and vitamin B12. The clinical
examinations were all carried out by four OH physicians, of which the author
was one.
Following the clinical examinations, a multidisciplinary expert group
consisting of a specialist in neurology, two specialists in occupational health,
an occupational hygienist, and a neuropsychologist discussed each case. The
expert group evaluated whether the symptoms were typical of possible CSE,
whether exposure was sufficient, whether there were obvious differential
diagnostic causes for symptoms, and thus considered whether the case was a
suspected OD.

4.4.6 DIAGNOSTIC EXAMINATIONS TO DETERMINE
OCCUPATIONAL CSE AT FIOH
In Finland, the diagnostics of CSE are centralised to the outpatient clinic of
FIOH, a national reference centre. All workers with newly suspected
occupational CSE are referred there after they have been pre-examined in
OHS.
The current SPC-screened workers with CSE suspicion were referred to
FIOH and examined according to Finnish standard routines (Kaukiainen et al.
2009a). The results of these examinations to diagnose occupational CSE were
used in our study.
For the FIOH examinations, we requested a payment commitment from
the employer’s insurance company, as the costs of the diagnostic procedure of
ODs are covered by the mandatory accident insurance system. The Workers’
Compensation Act obliges employers to insure their employees, which enables
the required diagnostics, i.e. extensive estimation of exposure, clinical history
and repeated investigations with follow-up and treatment (Keski-Säntti et al.
2010).
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4.5 ECONOMIC EVALUATION OF SCREENING
The economic calculation consisted of an estimation of the total costs of SPC
screening, followed by an estimation of the cost of one detected new case of
occupational CSE. In addition, we estimated how long career extension would
cover the costs. The same calculations were applied to the OHS standard
health examination-based routines, and the results were compared to each
other.
To estimate the costs of finding a new case of CSE, we started by calculating
the monetary costs of the whole SPC screening. The price of the screening
procedure was added to the price of the differential diagnostic examinations
at FIOH, and the sum was divided by the number of new verified CSE cases,
which yielded the cost of detecting one new occupational CSE case through
screening.
In order to calculate the value of one month’s work we used the average
monthly income of building, maintenance and manufacturing work in
Finland. To calculate the economic value of the loss of production due to early
retirement, we added employer costs to the average annual salary. The total
annual average salary cost was then determined by multiplying the monthly
wage by 12.5 (Finland has ,a 0.5-month mandatory additional vacation salary)
and adding the employers’ wage-related additional costs, which in 2010 were
26% of paid salary (www.ek.fi). The value of one month’s work was then
derived by dividing this value by twelve, and the value of one day’s work by
dividing the one-month value by 22, the number of working days per month
(Ahonen 2015).

Value of month’s work = (monthly wage · 12.5) · 1.26
12

In order for the screening to be cost effective, a single employee’s working
career should be extended at least until the cost of detecting one CSE case is
covered. We calculated this by dividing the cost of detecting one new CSE case
with the average value of one month’s work.
The next step was to compare the costs of our SPC screening and OHS
standard screening routine. A previous study (Keski-Säntti et al. 2010)
described all the CSE patients referred to FIOH between 2002 and 2004, who
represent CSE cases detected by the existing OHS health examination routine
over a three-year period. OHS health checks are recommended at one- to
three-year intervals, and thus, all 20 000 highly exposed workers should have
been checked by OHS at least once during this time, representing one cycle of
OHS health examinations.
To make the comparison, we had to calculate the costs of the existing OHS
health examinations. In the cost analysis of these examinations, we assumed
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that respective OHS units had followed the official national CSE screening
recommendations of that time (Sainio et al. 2006). Thus, we were able to
approximate the costs of the OHS health examinations in which 128 CSE
suspected cases were detected and referred to FIOH. Finally, 18 new cases
were diagnosed (in Article II the number of CSE cases is 15, because a few cases
were still pending at the time).
We approximated that organising and performing health checks had taken
one hour of a nurse’s working time and half an hour of a physician’s working
time. We included no costs for preliminary differential diagnostics before
referral to FIOH, i.e. ruling out common differential diagnostic conditions in
either group, because it was not possible to estimate how many of the OHS
screened patients would have been in need of these examinations.
In all the calculations, we used an average hourly cost €80 for OH nurses
and €160 for OH physicians, which were derived from the mean price level of
ten different Finnish OHS units in 2013.

4.6 ANALYSIS OF OHS HEALTH EXAMINATIONS
We retrospectively studied the medical records of the occupational CSE cases
found through the SPC screening but not detected in the preceding OHS
exposure-based health examinations.
We collected health examination data from three sources: OHS units, the
FIOH outpatient clinic, and the screening project. We included all the medical
records from the OHS health examinations for the period between symptom
onset and the detection of CSE in the screening project.
As all the occupational CSE cases were thoroughly investigated, verified
and documented at FIOH, it was possible to gather thorough background
information on the CSE cases. We analysed the health examinations
conducted between symptom onset and the detection of CSE: regularity,
content, use of recommended screening tools, exposure estimation, and
whether a physician was involved in the examinations. We also gathered
information on the time of CSE detection, age at symptom onset, and the
length of the symptomatic period before CSE detection.
In addition to these mandatory actions to screen CSE, we collected
information on the other content of the health examination; for example,
laboratory tests and common health counselling. We also gathered
information on other work-related hazardous exposures.
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4.7 WORK ABILITY ANALYSIS
We used four different parameters of work ability: i.e. memory and
concentration symptoms according to the EQ, early retirement rate, WAI
(Tuomi et al. 2006, Sell 2009, van den Berg et al. 2009), and WAS (Åhlström
et al. 2010, Perkiö-Mäkelä et al. 2012, El Fassi et al. 2013). WAS was used in
the questionnaire stage of the study, because one question was easily
applicable to a lengthy questionnaire. The complete four-page long WAI was
filled in by those who attended the clinical examinations.

4.7.1 MEMORY AND CONCENTRATION SYMPTOMS
A cut-off limit of ≥ 3 memory and concentration symptoms in the EQ has been
shown to detect symptomatic workers with a long history of occupational
solvent exposure (Kaukiainen et al. 2009a). Thus, we investigated the
correlation between the proportion of workers with memory and
concentration symptoms and three different exposure parameters (solvent
exposure in years; cumulative exposure intensity score; and occupation) for all
the respondents. We determined ORs and 95% CIs and presented the
calculations as adjusted for age, because exposure and age correlate, i.e. age
progresses as exposure time grows.

4.7.2 RETIREMENT RATE
Early retirement rate is a very explicit indicator, and its economic costs are
evident (Ahonen 2015). We compared the proportion of patients that ended
up on disability pension, i.e. retirement rate, due to CSE in the SPC screening
group with that of the CSE cases detected between 2002 and 2004 by existing
OHS screening (Keski-Säntti et al. 2010). The working status of the CSE cases
detected by SPC screening and OHS screening were known at the time of
diagnosis at FIOH (Keski-Säntti et al. 2010).
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4.7.3 WORK ABILITY INDEX OF CSE PATIENTS
WAI is a well-validated and widely used indicator of workers’ subjective
evaluations of their work ability (Tuomi et al. 2006, Sell 2009, van den Berg
et al. 2009).
WAI scores are classified as: 44–49 excellent, 37–43 good, 28–36
moderate, and 7–27 poor. Poor to moderate WAI scores correlate with long
sick leaves and early disability pensions (Liira et al. 2000, Alavinia et al. 2009,
Sell 2009), disability and even mortality (von Bonsdorff et al. 2011), and are
associated with lower productivity and quality of work (Tuomi et al. 2001).
We compared the total WAI scores of the CSE cases detected by SPCscreening with comprehensive Finnish reference material representing
building, maintenance and manufacturing workers in general (n = 178),
because they represent the same gender, age group, nationality and social class
(Gould et al. 2006). Both mean WAI scores and the proportion of workers with
poor and moderate total WAI scores (under 37 points out of 49) were
compared to those of the reference group.
Only men were included in this comparison as the CSE group had only one
woman at the time of the analysis.

4.7.4 WORK ABILITY SCORE OF SOLVENT-EXPOSED
WORKERS
WAS (Åhlström et al. 2010, Perkiö-Mäkelä et al. 2012, El Fassi et al. 2013) is a
single-item question of the total WAI. WAS is a person’s self-estimation of
their current work ability compared to their lifetime best on a scale of 0 to 10.
WAS is usually classified as either excellent–good (8–10) or reduced i.e.
poor–moderate (score 0–7). Poor or moderate WAS correlates with disability
pensions and thoughts of early pension (Perkiö-Mäkelä et al. 2012, Roelen et
al. 2014, Jääskeläinen et al. 2016).
The mean WAS of the solvent-exposed workers and the proportion of
workers with reduced work ability (WAS = 0–7), was compared to that of the
reference groups, i.e. Finnish building, maintenance and manufacturing
workers (n = 221) (Kauppinen et al. 2013), and to that of the workers with
occupational CSE found in our screening study (n = 18).
Finally, we studied the effect of age, sex, employment status, alcohol
consumption, diseases and solvent exposure on WAS. We calculated both the
odds ratios (OR) and 95% confidence intervals (CI), and then analysed the
effects of the different disease groups separately. Then we calculated the ageadjusted values, because the effect of age on WAS was so considerable.
To study solvent exposure’s effects on WAS, we used a logistic regression
model including confounding factors, by calculating the concordance index (c,
AUC). The three solvent exposure parameters (solvent exposure in years;
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cumulative exposure intensity score; and occupation) were added to the
model, one at a time. All the models included sex, age, alcohol consumption,
and employment status. Because of the three different disease variables
(existence of any disease; number of diseases; and cardiovascular,
musculoskeletal or psychiatric, diseases) the number of diseases gave the
highest AUC and thus, was the strongest explanatory factor and was used in
the models. We presented the results both with and without diseases, because
they might act as either a confounding or an intervening factor.
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5 RESULTS
5.1 IDENTIFICATION OF CSE-COMPATIBLE
WORKERS BY QUESTIONNAIRE
Two reminders yielded 1 730 responses, and a response rate of 47.4%. Of the
respondents, 55 were industrial and 371 construction painters, 370 metal
workers, 302 boat builders, 383 printers 49 floor-layers/lacquerers, and 39
were in other solvent-exposed work. In addition, 127 respondents were in nonsolvent work, and the rest did not report their work tasks. The responses were
sufficient to estimate memory and concentration symptoms in the EQ for
1 700 respondents (Figure 3).
The non-respondent analysis revealed that aging workers were somewhat
more eager to respond; the respondents’ mean age was 49.6 years, and that of
the non-respondents 46.6 years. Response rates were 60%, 54.6%, 41.5% and
39.3% in the 60–65, 50–59, 40–49 and 30–39-year age groups, respectively.
The men’s response rate was slightly lower (46.9%) than the women’s (52.5%).
There was neither a major sex difference (84.5% males in respondents and
87.3% in non-respondents) nor a difference in Finnish/Swedish language
distribution. There were somewhat more painters (24.9% compared to
20.6%), and printers (24.1% compared to 17.8%) among the respondents than
among the non-respondents. In contrast, metal workers were overrepresented among the non-respondents (39.7% compared to 27.3%).
Overall, 338 (20%) respondents had three or more memory and
concentration symptoms in the EQ. Those with solvent exposure under the
inclusion level, i.e. under 5 years of solvent work or a cumulative exposure
score of < 7 (n = 62), were excluded, which left us with 276 respondents. Due
to high Audit-C scores, another 63 people were excluded, and 50 more due to
high BDI scores. A further 34 respondents were excluded due to an evident
non-occupational medical explanation for the symptoms (psychiatric in five,
neurological in six, cardiovascular in four, some sedative medication in three,
severe alcohol abuse in the past in four, and combination of several of these
reasons in ten respondents), and two more due to inadequate answers (Figure
3).
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Figure 3 Process of SPC screening and number of people in its different phases
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5.2 WORKERS IN CLINICAL EXAMINATIONS
Out of the 1 730 respondents, 129 (7.5%) met all the inclusion criteria for
clinical examination. Two of these had already been diagnosed with
occupational CSE, and did not need to be re-examined. Thus, 127 respondents
were invited to clinical examinations, but 32 were unwilling to participate and
12 did not show up. This resulted in 83 clinically examined cases, of which 32
were painters (construction or industrial), 28 printers, 12 boat builders, 8
metal workers and 3 floor-layers (Figure 3).
Clinical examinations and the expert group’s consideration revealed that
47 out of 83 clinically examined symptomatic cases were not CSE related. In
ten of these cases, the solvent exposure was insufficient, and in 13 cases, the
symptoms they had reported in the questionnaire had disappeared or were so
mild that CSE was considered unlikely. In one case, symptoms had begun
many years after the exposure had ceased. The others had other medical
conditions that were considered to be the main cause for the symptoms rather
than solvents (alcohol use in five, depression in five, sleep apnoea or other
sleep disturbances in four, cerebrovascular diseases in two, primary dyslexia
in one, combination of many reasons, i.e. pulmonary, vascular and depression,
in two respondents). None of the clinically examined workers had untreated
thyroid disease or diabetes. In four cases, we could find no other aetiology, but
their symptoms were not typical of CSE (Figure 3).
In total, 36 (43% of the 83 examined cases) participants fulfilled the criteria
for suspected occupational CSE: their exposure was considered sufficient to
cause CSE, they had CSE-related symptoms, and there was no other evident
explanation for their symptoms. In addition to the two CSE cases mentioned
above, we found four more cases already examined for suspicion of CSE at
FIOH who had not reported this in the questionnaire. One of them had been
diagnosed with CSE, and the other three were considered to have nonoccupational aetiologies (Figure 3). The remaining 32 cases were found to have
a new suspicion of occupational CSE and were thus referred for diagnostic
examinations to FIOH’s outpatient clinic.
This group of 38 workers, consisting of 32 new, verified suspected cases of
CSE, together with six previously examined/diagnosed cases, is henceforth
called ‘‘CSE-compatible cases’’. These 38 cases constitute 2.2% of all
respondents and 11% of the 338 respondents with three or more memory and
concentration symptoms. They consisted of 4 industrial painters, 9
construction painters, 12 printers, 9 boat builders, 2 floor-layers and 2 metal
workers (one elevator mounter and one fork-lift mounter), and their
proportions did not differ significantly from those of the other respondents.
The 38 CSE-compatible cases were more exposed to solvents (p < 0.0001),
and older (average age 55.8 years) than the other respondents (average age
49.4 years) (p < 0.0001) (Table 1). Of the CSE-compatible cases, 57.9% had
been exposed to solvents for over 30 years, and they had all worked for at least
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11 years in solvent-exposed work. They all had an exposure score of above 20,
whereas 47% of all the 1700 respondents had an exposure score of less than
19.
The self-reported use of alcohol among the CSE-compatible cases did not
differ significantly from that of the other respondents, but their degree of selfrated depression according to the BDI (scores 10–18) was slightly elevated
compared to that of all the respondents (p = 0.0004).
Nearly all the CSE-compatible cases were found in the trade union
registers. Only one was found in the municipal OHS unit registers.

5.3 OD EXAMINATIONS TO DETERMINE CSE AT
FIOH
The examinations at the FIOH outpatient clinic resulted in 18 new
occupational CSE diagnoses from among the 32 workers with a suspected OD
(Figure 3). Of these 18 CSE cases, 16 were male and two were female. Seven of
them were printing press workers, five painters, four boat builders, one a floorlayer, and one a mounter. The workers’ mean age at OD symptom onset was
50 (range 42–58 years), and they had suffered CSE symptoms for
approximately 7.3 years (range 3–13 years) before CSE was detected in the
screening project.
The mean duration of workers’ solvent exposure was 36.7 years (range 17–
45 years), and in OELY 11.4 years (range 5.5–18.0). All the new CSE cases
were of the same ethnic group, but 72% of them had Finnish and 28% Swedish
as a native language.
The diagnostic procedure to verify occupational CSE often takes several
years, as differential diagnostics include a follow-up period and treatment of
differential diagnostic conditions. Thus, the number of diagnosed CSE cases
varies from 15 to 18 in Articles II and III, depending on the time point at which
the analysis was carried out.
The CSE cases found through SPC screening were significantly younger
than those detected by OHS health examinations (Keski-Säntti et al. 2010) (50
years vs. 56.8 years). Their exposure parameters, exposure in years and
exposure in OELY were similar. However, the retirement rate at the time of
OD diagnosis at FIOH was significantly lower; 6.7% vs. 74% (Table 6).
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Table 6

Comparison of CSE cases identified through SPC screening and OHS health
examinations

SPC

OHS health examination

screening

p

screening

Referred to FIOH, n

32

128

Diagnosed cases, n

18 (56.3%)

19 (15%)

Mean age

50

56.8

Sex distribution (m/f)

16/2

19/0

Mean exposure in years

36.7

34.0

Mean exposure in OELY

11.4

11.4

Retirement rate

6.7%

74% (at moment of diagnosis)

< 0.0001

< 0.0001

95% (at one-year follow-up)

5.4 ECONOMIC EVALUATION OF SCREENING
5.4.1 COST OF DETECTING A NEW CASE OF OCCUPATIONAL
CSE
The costs of the postal-clinical screening process for identifying CSE, in which
3 640 workers were screened by postal survey followed by a first-stage clinical
evaluation of 83 symptomatic and solvent-exposed cases, was €48 792 in total,
of which €7 416 was from the loss of the screened workers’ working time. In
addition, 32 cases with occupational CSE suspicion were referred to FIOH’s
outpatient clinic for further OD examinations, which cost €144 119 in total.
Adding this to the expenses of the previous levels of screening results in a sum
of €192 911 (more detail in Table 2 of Article II). Dividing the sum by the
amount of verified CSE cases (n = 18) a total cost of €10 717/new verified
occupational case of CSE (Figure 4).
The approximated expenses of the national recommended routine, in
which OHS screens 20 000 solvent-exposed workers, are €5 387 084, of which
€1 787 100 are for lost working time. The diagnostic examinations at FIOH of
128 workers with suspected CSE cost €484 289. In total, this makes €5 871
373. Dividing this by the amount of new verified CSE cases (n = 19) gave a total
cost of €309 020/new CSE case detected (Figure 4).
The calculations are presented in detail in Table 2 of Article II, where they
are in USD. However, Article II presents 15 new OD cases found, because in
2013 some cases were still pending.
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5.4.2 CAREER EXTENSION NEEDED TO COVER THE COST OF
SCREENING
In 2013 the average monthly income of building, maintenance and
manufacturing work was €2 997 (Official Statistics of Finland, 2013). Thus,
the value of one month’s work equals €3 933, and the corresponding value of
one day’s work, €179.
Detecting one new CSE case using SPC screening examinations costs
€10 717. Dividing this by €3 933/ month results in 2.72 months. Thus,
extending the workers’ careers by less than three months would cover the costs
of the screening.
In contrast, detecting one new CSE using the existing OHS health
examination practice costs €309 020. When this is divided by the value of one
month’s work, it results in 78.57 months, i.e. 6.5 years (Figure 4).

Figure 4 Comparison of costs of SPC and OHS screening
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5.5 ANALYSIS OF OHS HEALTH EXAMINATIONS

The questionnaire study showed that 90% of all the respondents and 82% of
the 38 CSE-compatible cases had had access to OHS, which is in line with the
figures of the whole working population of Finland. However, only 56% of all
the respondents and 61% of the CSE-compatible cases had attended medical
check-ups as often as advised by the national legislation and
recommendations, i.e. one- to three-year intervals, others more seldom or
never.
All in all, 15 of the 18 new CSE cases that were detected in the SPC screening
had attended 36 periodical health examinations between symptom onset and
the detection of CSE. Two workers had attended health examinations before
symptom onset, but not after. One of these two had been symptomatic for four
and the other for five years (Cases 8 and 9 in Table 7) before the OD was
detected. Only one worker (Case 10 in Table 7) had never had access to OHS,
due to his fragmentary working career and periods of unemployment. He had
been symptomatic for 12 years before the detection of CSE (Table 7).
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Table 7

Timing of OHS health examinations

Case

Occupation

1

Mounter

2

Floor-layer

Years before OD detection

13

3

Printer

4

Printer

5

Printer

6

Printer

7

Printer

8

Printer

9

Printer

10

Painter

11

Painter

12

Painter

13

Painter

14

Painter

15

Boat builder

16

Boat builder

17

Boat builder

18

12

11

10

9

8

7

6

5

4

3

2

1

•
•

•

•
•
•

•
•
•

•

•

•

•

OD by

o

•
•

Detection of

•□ □
□

screening
study (I)

•
•

•

•

•
•

•

•
•

•

•

Boat builder

•
•

•

••
•
•
•

•

= Symptomatic period in years; • = OHS health examination; □ = Neurologist; o= Rehabilitation

Most of the health examinations, 33 (92%), were carried out by an
occupational health nurse, and a physician was involved in 24 health
examinations (67%). The physician was an OH specialist physician in seven
(20%) of these cases.
Present solvent exposure was noted to some extent in the medical records
of 26 examinations (72%), but previous solvent exposure was inquired in only
one health examination (3%). In nine (25%) health examinations, solvents
were not mentioned at all.
The EQ was used to inquire about neurotoxic-compatible symptoms, as
recommended in the national guidelines, in only five health examinations
(14%). It was recorded in the medical records of these five examinations that
the EQ had revealed memory symptoms, but neither the scores nor whether
the cut-off value of three symptoms was reached was reported. Six other
examinations (17%) had adopted some other symptom questionnaire, but no
information on their content was available. In addition, the medical records of
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16 (44%) health examinations documented that the worker had brought up
CSE-related symptoms. In three more cases, the worker reported in the
screening project that they had mentioned their symptoms during their OHS
health examination, but there was no corresponding remark in the medical
records.
The 19 health examinations in which workers had mentioned their
symptoms concerned 13 workers. The core symptoms of CSE, i.e. memory and
concentration problems, were brought up by only four individuals. More
commonly they had reported headache (five persons), tiredness (two), nausea
(one), dizziness (one), and a diminished sense of smell (one).
The suspicion of an OD arose in only one health examination, and the
worker was referred twice to a neurologist at the same medical centre that
housed the OHS unit. This did not lead to a referral to FIOH (Case 7 in Table
7). Another worker (Case 8 in Table 7) with memory disturbances was
identified in the rehabilitation centre. This led to a referral to the neurological
outpatient clinic of the central hospital, where the differential diagnostics did
not include CSE, and no further investigations at FIOH.
Common health issues, such as nutrition, exercise, alcohol consumption
and smoking were discussed in 22 (61%) health examinations, and weight
issues in 23 (64%). Laboratory tests due to common health issues (e.g.
haemoglobin, lipids, blood glucose) were taken in 33 (92%), and blood
pressure was measured in 32 (89%) of the health examinations.
In addition to solvents, nearly all the workers had been exposed to various
occupational risk factors: noise (15), hand vibration (8), asbestos (5), other
grits or dusts (6), and isocyanates (1).
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5.6 WORK ABILITY AND SOLVENT EXPOSURE
5.6.1 MEMORY AND CONCENTRATION SYMPTOMS IN
RELATION TO EXPOSURE INDICES
The EQ’s cut-off limit of ≥ 3 memory and concentration symptoms has shown
to detect symptomatic workers with a long history of occupational solvent
exposure (Kaukiainen et al. 2009a). The correlation between the proportion
of workers with memory and concentration symptoms and exposure was
significant when adjusted for age. This was seen in terms of both exposure
years and the cumulative exposure score when compared with non-exposed
workers. The proportion of workers with memory and concentration
symptoms was highest among painters and floor-layers, followed by printers,
boat builders and metal workers (Table 8).

Table 8

Memory and concentration symptoms in EQ in relation to exposure indices
(n = 1 622)
Respondents
with EQ ≥ 3 *(%)

Exposure in years
<1
1–6
6–10
11–20
21–30
> 30
Cumulative exposure score
None or very little
Some
Moderate
Abundant
Occupation
Metal workers
Boat builders
Printers
Painters and
Floor-layers

OR

95% CI
age adjusted OR

9.0
13.8
19.0
17.0
20.1
30.4

1
1.66
2.64
2.22
2.49
3.79

0.75
1.26
1.09
1.24
1.88

3.68
5.52
4.54
5.01
7.66

9.4
16.3
21.0
26.8

1
1.57
2.11
2.64

0.99
1.37
1.71

2.50
3.25
4.09

13.2
17.4
21.6
26.3

1
1.43
1.72
2.26

0.96
1.19
1.59

2.13
2.48
3.20

* A cut off limit of ≥ 3 positive answers (often or very often) in EQ memory and concentration
symptoms (Questions 38–47) was used (Kaukiainen et al. 2009)
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5.6.2 RETIREMENT RATE
At the time of diagnosis, only one out of 15 (6.7%) CSE cases detected by the
SPC screening ended up on disability pension due to CSE, whereas the work
ability of all the others was preserved. Thus, the retirement rate was very low
in comparison with the group of CSE cases detected by the existing OHS
routine examinations between 2002 and 2004, in which the retirement rate at
the time of diagnosis was 74%, (p = 0.0004) and finally 95% at one-year
follow-up (disability pension in 18 out of 19 cases) (Keski-Säntti et al. 2010)
(Table 6 ).

5.6.3 WORK ABILITY INDEX OF CSE CASES
Both mean WAI and the proportion of individuals with poor to moderate WAI
showed decreased work ability among the solvent-exposed workers in the
oldest age group.
Compared to the general population, the total WAI of the SPC screened
CSE cases were lower. The mean WAI of the CSE cases was 32.75 in the 45- to
54-year age group and 31.04 in the at least 55-year age group, whereas that of
the age- and sex-matched general, male population (Gould et al. 2006) was
38.08 in the 45- to 54-year age group and 36.71 in the at least 55-year age
group. However, the difference was only significant in the oldest age group (p
= 0.039) (Table 3 in Article II).
The proportion of individuals with poor to moderate total WAI (under 37
points out of 49) among the CSE cases compared with that of the general
population were 100% and 31.9% in the 45- to 54-year age group, and 83.3%
and 38.2%, in the at least 55-year age group, respectively. The difference was
again significant only in the older age group (p = 0.019) (Table 3 in Article II).
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5.6.4 WORK ABILITY SCORE OF SOLVENT-EXPOSED
WORKERS
Among of all the actively working respondents of the postal survey (n = 1 622),
who had responded to the work ability question, WAS was poor to moderate
(0–7) for 30.8%. The mean WAS of all respondents (7.75) was significantly
lower than that of the reference group (Kauppinen et al. 2013) of actively
working building, maintenance and manufacturing workers (mean 8.05) (p =
0.043). However, the difference was predominantly due to the effects found in
the oldest age group of over 60 years (6.64 vs. 7.84) (p = 0.026). In the younger
age groups, the solvent-exposed respondents’ mean WAS did not differ
significantly from that of the reference group (Table 3 in Article IV).
The mean WAS of the solvent-exposed workers was higher than that of the
workers with mild CSE (mean WAS 7.11) (I, II). The proportion of workers with
reduced work ability was also higher in the group of mild CSE cases (55.6%)
than that among the solvent-exposed workers (30.8%) (Table 3 in Article IV).
Increasing age was a substantial risk factor for reduced work ability, i.e.
poor to moderate WAS, but the WAS of men and women did not differ
significantly (Table 9).
In comparison to no disease, the existence of some chronic disease had a
substantial impact on WAS (OR 4.83, 95% CI 3.58-6.51). The effects remained
even after age adjustments. Different self-reported diseases were associated
with reduced work ability as follows: musculoskeletal diseases (OR 3.99, 95%
CI 3.17–5.01) cardio-vascular diseases (OR 2.27, 95% CI 1.81–2.85), and
psychiatric diseases (OR 4.12, 95% CI 2.61–6.48). These associations also
remained after adjustment for age (Table 4 in Article IV).
Unemployment was associated with reduced WAS, also after adjustment
for age (OR 3.28, 95% CI 2.56–4.21). Excess alcohol use (Audit-C score 7–12)
was associated with reduced WAS only when adjusted for age (age-adjusted
OR 1.36, 95% CI 1.05–1.77). The proportion of heavy drinkers (Audit-C ≥ 5)
varied according to occupation: it was lower among boat builders (31.7%) than
the others (painters and floor-layers 61.1%, printers 62%, metal workers
53.5%) (Table 7). In contrast, there was no consistent association between
alcohol use and cumulative exposure score. Smoking had no significant effect
on WAS (OR 1.20, 95% CI 0.91–1.60) in comparison to the WAS of nonsmokers.
Reduced WAS was significantly associated with over 30 years of solvent
exposure (OR 2.52, 95% CI 1.55–4.11), and a cumulative exposure intensity
score indicating abundant exposure (OR 1.78, 95% CI 1.25–2.52). However,
after adjustment for age, neither correlation was significant.
Of all the occupations, painters and floor-layers had the lowest mean WAS,
and the difference was also significant when adjusted for age. The boat
builders’ mean WAS was the highest, but the difference was not significant
(Table 9).
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Table 9
Univariate and age-adjusted analyses of various factors affecting the proportion of solvent-exposed
workers with poor to moderate (0–7) WAS (n = 1 622).
n=*

WAS
mean

WAS
0–7 (%)

Univariate analysis
OR

95% CI

Age- (continuous)
adjusted
OR
95% CI

Age
All

1468

7.75

30.8

30–39

298

8.58

15.9

40–49

463

8.10

24.0

1.67

1.16

2.41

50–59

532

7.40

37.6

3.18

2.25

4.48

≤ 60

181

6.64

49.8

5.23

3.47

7.87

Female

229

8.06

27.8

1

Male

1238

7.70

31.3

1.18

0.88

1.59

3.03

4.91

Sex
1
1.06

0.78

1.45

2.56

4.21

Employment status
Working

1159

8.2

23.6

1

Unemployed

309

6.22

54.4

3.86

1
3.28

Alcohol consumption (Audit-C)
0–4

667

7.87

28.2

1

5–6

339

7.68

31.0

1.15

0.87

1.50

1
1.20

0.91

1.59

7–12

434

7.66

33.0

1.25

0.98

1.61

1.36

1.05

1.77

3,93

Number of diseases
None

452

8.75

10.7

1

1

447

8.06

27.2

3.12

2.19

4.44

1
2.75

1,92

2

276

7.49

36.6

4.83

3.33

7.00

4,00

2.74

5,84

3

130

6.44

55.6

10.47

6.75

16.23

8.47

5.42

13.24

4–11

65

5.46

67.5

17.39

10.03

30.16

12.82

7.32

22.47

Metal
worker
Printer

376

8.03

26.9

1

372

7.69

32.2

1.29

0.96

1.73

1.14

0.84

1.55

Painter or
floor-layer
Boat builder

409

7.24

39.0

1.73

1.31

2.30

1.62

1.21

2.17

301

8.14

23.0

0.81

0.58

1.13

0.85

0.60

1.20

Occupation
1

Duration of exposure (yrs)
<1

109

8.25

23.4

1

1–5

151

8.45

15.8

0.61

0.33

1.14

1
0.69

0.27

1.30

6–10

204

7.90

27.0

1.21

0.71

2.06

1.57

0.90

2.73

11–20

308

8.09

23.5

1.00

0.60

1.67

1.14

0.67

1.93

21–30

362

7.73

32.8

1.60

0.98

2.60

1.48

0.90

2.45

> 30

334

7.00

43.6

2.52

1.55

4.11

1.50

0.90

2.50
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Cumulative exposure
None/very
little
Some

174

8.05

26.0

1

1

371

7.96

27.4

1.07

0.75

1.55

1.20

0.82

1.75

Moderate

521

7.84

29.4

1.19

0.84

1.67

1.32

0.93

1.87

Abundant

402

7.28

38.4

1.78

1.25

2.52

5.25

0.94

1.94

* The summing of the numbers differs because some respondents had not answered all the questions

The AUC was 0.697 when sex, age, employment status and alcohol
consumption (AUDIT-C) were included in the multivariate analysis (logistic
regression). Of all the disease parameters, the number of diseases showed the
highest AUC at 0.765 and was thus included in the multivariate analysis.
Adding any of the solvent exposure parameters showed only a slight effect on
AUC, and no evident difference was seen among three different exposure
parameters; occupation (0.766), duration of solvent exposure in years (0.767),
and cumulative exposure intensity score (0.765).
Of the three exposure parameters, occupation had the most apparent effect
on work ability in the multivariate analysis. The risk of reduced work ability
was higher among painters and floor-layers (OR 1.51, CI 1.11–2.05) than
among metal workers, and the result remained significant when the number
of diseases was taken into account (OR 1.42, CI 1.01–2.00). Meanwhile, the
work ability of boat builders (OR 0.83, CI 0.58-1.19), printing press workers
(OR 1.15, CL 0.83-1.59) and metal workers (OR 1) had no significant
differences. Two other exposure indices, the duration of solvent exposure in
years and the cumulative exposure intensity score, showed some association
with WAS, but the results were not statistically significant, and after the
number of diseases was included in the model, even this weak association
disappeared (Table 5 in Article IV).
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6 DISCUSSION
6.1 MAIN FINDINGS
The process of exposure-based health examinations in OHS has not
previously been studied this thoroughly from the various perspectives of
effectiveness, cost-effectiveness, and how recommendations are actualised at
the OHS level using one OD, i.e. CSE, as a proxy. In addition, the study
introduced a new screening tool, the solvent exposure questionnaire, for OHS
and basic health care to exploit in CSE screening.
This is also the first time the work ability of solvent-exposed workers with
no CSE has been determined in Finland.

6.1.1

SCREENING STUDY

The study detected 18 new CSE cases in two Finnish counties, whereas OHS
health examinations identify only 5–7 cases per year in the whole country (van
der Laan et al. 2015). The result shows that CSE is under-detected in Finland.
The result is in line with previous studies that have suggested under-detection
of some ODs in Finland (Kaukiainen et al. 2009a, Sauni et al. 2009,
Vandenplas et al. 2017). The result is also consistent with the under-detection
of CSE in other developed countries (Triebig and Hallermann 2001, Dryson
and Ogden, 1998, Spee et al. 2012).
The amount of new CSE cases identified by SPC -screening was relatively
higher than that identified by OHS health examinations, which endorses the
effectiveness of SPC screening. In addition, SPC screening detected six cases
that had already been previously diagnosed with or examined for suspected
CSE at FIOH. This further supports the validity of SPC screening.
However, the result does not reflect the true incidence of CSE; it reveals
that new cases can still be detected despite our mandatory health examination
system.
The 18 cases detected were significantly younger (mean age 50) than those
found in OHS health examinations (mean age 56.8), which may suggest that
the SPC screening was able to find milder cases or those at earlier phase. This
has a positive economic impact because detection at an earlier phase lowers
the costs of rehabilitation and early retirement.
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6.1.2 ECONOMIC EVALUATION OF SCREENING
We showed that it is possible to detect one new occupational CSE case at 1/30
of the price of the OHS’ standard health examination-based screening. As the
financial resources of health care are limited, cost and cost effectiveness are
crucial factors to take into account when deciding whether or not to carry out
screening. This is also important from the employer’s perspective, as they
carry their share of the costs. The SPC screening enabled the detection of CSE
at an even earlier phase, when work ability is not yet lost. As the costs of early
retirement are so high, these economic benefits are considerable, (Ahonen
2015).
The study also showed that it is possible to screen a rather rare OD at a
reasonable cost. The elements that contributed to cost-effectiveness were
many. The screening was directed towards occupational fields recognised as
harbouring the highest CSE risk (Keski-Säntti et al. 2010). Exposed workers
were contacted using a low-cost method, i.e. a postal survey, which also saved
their working time compared to health examinations. With validated surveys
and careful preliminary differential diagnostics, it was possible to reduce the
number of individuals in need of the most expensive actions i.e. physicians’
clinical examination or examinations at the specialist clinic. This was achieved
by ruling out cases with none or too few memory and concentration symptoms,
inadequate solvent exposure, or other differential diagnostic explanations for
the symptoms (Dick 2006, van der Hoek et al. 2001).
As the study was carried out systematically on a selected population in two
regions of Finland, it could be replicated at even lower costs in other regions
of the country. Web-based or phone application screening could further
diminish these costs.
On the other hand, even a less expensive method is not necessarily costeffective nor does it cover its costs if the detection of a new OD case does not
lead to long enough working career extension. One limitation of this study is
that we cannot know for sure whether this group of 18 CSE cases had retired
prematurely, or whether we found a group of workers who would never have
been detected otherwise and would have continued until normal retirement
age. This implies a need for longitudinal studies to reveal the outcome of the
CSE cases that were detected early. However, in the SPC screening group, a
reasonably short time period of an additional three months of work life would
cover the costs of screening.
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6.1.3 OHS HEALTH EXAMINATIONS
Our hypothesis was that we would find new cases among workers with no
access to OHS, but this was not supported. Only one of the CSE cases had had
no access to OHS during their career, and the mandatory health examination
system had missed the rest of the workers with CSE symptoms. As the
selection criteria in the CSE screening study were irrespective of OHS access,
selection bias does not explain this. The result is in accordance with previous
studies that have indicated that periodic health examinations might not be
very effective in recognising ODs (Bubas 2018, Kim 2018).
The study discovered that even though mandatory health examinations
were conducted, in many cases several times, neither the recommended
screening protocol nor the tools were exploited, and symptomatic CSE
remained unrecognised.
Seldom were the recommended EQ or other symptom questionnaires used,
and even when they were, the reported symptoms did not lead to further
examinations. Even more rarely was the previous solvent exposure inquired
about, and preventive actions were hardly ever mentioned. Valid screening
tools alone are not enough, but OHS personnel must also adopt these tools and
become acquainted with their interpretation.
In several cases, the workers had mentioned their memory problems or
other solvent-related symptoms. However, the OHS personnel had neither
reacted nor referred them for further investigations, and many times did not
even document the symptoms in the medical records. This suggests a lack of
competence and alertness regarding the health effects of solvents. The result
is consistent with other studies that suggest a lack of awareness of OD (Campo
2015, Carder et al. 2015), and reminds us of the importance of continuous
training in maintaining the quality of workers’ health surveillance
(Spreeuwers et al. 2008).
However, CSE detection is not an easy task, in particular in the early stages
of the condition, as its onset is gradual and the symptoms often mimic
common health issues such as sleep apnoea, depression, hypothyroidism or
alcohol misuse (Sainio 2015). Considering the training needed, we can
question whether CSE or other rare ODs should be screened in OHS at all.
Perhaps detection could be through separate screening projects by a FIOH
neurotoxicology specialist; in the Netherlands, a screening project by a
specialist solvent team has been successful (Spee et al. 2012). However, in
Finland, the present OHS legislation does not support this kind of change in
practices.
According to the national guidelines, an OH physician is responsible for
and should be involved in health exposure-based health examinations
(Taskinen et al. 2011, Karvala et al. 2019). However, our results showed that a
physician was involved in only under 60% of the health examinations, and
often represented a specialisation other than occupational health. This finding
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is in accordance with national OHS statistics, which reveal that physicians are
involved in only one-third of exposure-based health examinations (OHS
statistics 2017). In addition, a recent Finnish survey revealed that a physician
working in OHS is neither specialised nor specialising in occupational health
over 50% of time, but is a general practitioner or represents some other
specialisation, which signals a regional shortage of OHS physicians (Leino et
al. 2018). A non-OH physician performing exposure-based health
examinations can be seen as a quality deviation.
Swedish-speaking Finns were over-represented (28% vs. 5.3% in the
Finnish population) in the group of undetected CSE cases. A natural
explanation for this is that the screening study was conducted in the bilingual
parts of the country. An additional explanation might be that the national
guidelines for OHS health examinations were only published in Swedish as late
as 2019 (Karvala et al. 2019), and the very first training for the OHS
qualification in Swedish only took place in Finland in 2018.
Our results indicate that CSE and other OD detection seems to be overruled
by general health issues during health examinations. In many developed
countries, including Finland, an increasing number of various duties have
been given to OHS, and they focus vastly on the promotion of work ability and
health in general. In addition to exposure-related health examinations, OHS
provides several kinds of other health examinations with different goals. Our
study suggests that OHS professionals are not always aware of which kind of
health examination they are conducting. In addition, if personnel have more
duties to perform than before within the same timeframe, they start to
prioritise, and it seems that this is often done at the expense of exposurerelated issues.
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6.1.4 SOLVENTS’ EFFECTS ON WORK ABILITY
One of the main findings of this study was that the retirement rate of CSE cases
detected through SPC screening was very low (6.7%) compared to that in the
group of CSE cases detected by the existing OHS routine (Keski-Säntti et al.
2010), in which the retirement rate at the time of diagnosis was 74%, (p =
0.0004) and finally 95% at one-year follow-up. This indicates that the
screening study was able to identify CSE at an earlier stage, when work ability
was not yet affected, and the cases were milder than those revealed by OHS.
This result is in accordance with a Dutch study (Spee et al. 2012), which
supports the benefits of questionnaire-based screening.
The proportion of workers with neurotoxic symptoms i.e. three or more
memory and concentration symptoms in the EQ, correlated significantly with
exposure when adjusted for age. This was seen in comparison to the nonexposed workers in terms of both exposure years and cumulative exposure
score. This might indicate that solvents have a dose-relation effect.
The WAS of the solvent-exposed workers in the oldest age group, that over
60 years, was significantly lower than that of the general blue-collar
population, but the same result was not seen among the younger age groups.
This is in accordance with previous findings of declining cognitive functioning
among ageing solvent-exposed workers (Daniell et al. 1999, Nordling Nilson
et al. 2007, 2010). A plausible explanation is that the solvents’ accumulating
adverse cognitive effects emerge alongside the declining compensatory
mechanisms of an ageing CNS.
The study showed that WAS gradually declines as exposure grows.
Determined by the mean WAS, the work ability of Finnish blue-collar workers
was better than that of the solvent-exposed respondents (8.05 vs. 7.75). The
difference was, however, only just significant, mainly due to the relatively
small size of the reference group (n = 221) (Kauppinen et al. 2013). However,
the difference is even more profound than that found in a previous Finnish
study which showed the WAS of industry and building field workers to be 8.7
among women and 8.6 among men (Gould et al. 2006). Correspondingly, the
solvent-exposed respondents’ work ability was better than that of the mild CSE
cases detected in our screening project (7.75 vs. 7.11). Unfortunately, WAS
among more severe CSE cases has not been studied, but, as mentioned above,
can be assumed to be poorer on the basis of much higher early retirement rates
among them than among the milder cases (74% vs. 6.7%) (Keski-Säntti et al.
2010). Thus, also this decline in work ability, from none or little exposure to
abundant exposure and from mild CSE cases to severe CSE cases, might reflect
a dose–response effect of lifetime solvent exposure.
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This study also revealed that solvent exposure is a weak independent risk
factor for reduced work ability, comparable to a level of high alcohol
consumption. However, age, existence of other diseases and employment
status had a much stronger effect on work ability. As the occupational
exposure levels of solvents have declined in Finland in recent decades, as in
other industrialised countries (Kaukiainen et al. 2004a, Caldwell et al. 2000,
van Rooij et al. 2008, Bäck et al. 2016), this was expected. However, as the
older workers had experienced higher exposure at the beginning of their
careers, their work ability was the most affected. Moreover, age had a strong
impact on work ability, and as it grows along with exposure time, the results
were also presented as age adjusted.

6.1.5 OTHER FACTORS AFFECTING THE WORK ABILITY OF
SOLVENT–EXPOSED WORKERS
Diseases are in general strongly associated with work ability (Gould et al.
2006, Martimo et al. 2009, Kauppinen et al. 2013, Pihlajamäki et al. 2019),
and this was seen also in our study. The role of musculoskeletal and psychiatric
diseases was expected, as they are the leading causes of long sick leaves and
early retirement in Finland (www.kela.fi). The role of depression, however, is
not clear, since depression is an adverse nervous system effect of long-term
solvent exposure (Xiao and Levin 2000, Morrow et al. 2000, Visser et al.
2011), and lowered mood is characteristic of CSE (Xiao and Levin 2000). On
the other hand, non-occupation-related or reactive depression is also often
encountered in CSE (van Valen et al. 2012). Thus, the role of solvent exposure
in the influence of psychiatric disorders on work ability cannot be excluded.
The study population consisted of an actively working population, as those
who had retired were excluded. At the time of the study, both temporary and
permanent layoffs were widespread in Finland in all the occupational fields
included in the study due to the economic recession, and 23.4% of the
respondents were unemployed at the time of the questionnaire survey.
Unemployment had an impact on work ability that was approximately as
strong as the presence of musculoskeletal or psychiatric diseases, and much
stronger than that of solvent exposure. This result is in line with other studies
which have shown that unemployment associates with poor work ability
(Gould et al. 2006, Bethge et al. 2012, Lundin et al. 2016). However, an earlier
study revealed that high solvent exposure was associated with a higher
unemployment rate (Kaukiainen et al. 2009a), which may indicate that
workers whose work ability has been adversely affected by solvents more easily
lose their jobs than others.
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6.1.6 WORK ABILITY OF DIFFERENT OCCUPATIONS
In this study, the WAS of painters and floor-layers was poorer than that of
those in other occupations. The effect of physically strenuous work on work
ability (Gould et al. 2006, Martimo et al. 2009, Spee et al. 2012) does not seem
to explain this, as all the work tasks studied involved physically strenuous
work. However, the strain involved in these solvent-exposed occupations
might be different; for example, painters more often work outdoors, and floorlayers on their knees. In addition, the working careers of painters and floorlayers more often consisted of several jobs, whereas the employment of boat
builders and printers was usually rather stable, and might have had an effect
on the professional identity and work engagement factors that may influence
work ability (Airila et al. 2012). In addition, some other occupation-related
factors, such as higher alcohol consumption in the construction industry
(Mandell et al. 1992, Kaila-Kangas et al. 2016), especially among painters
(Daniell et al. 1999, Kaila-Kangas et al. 2016) might have had an effect on work
ability. However, in this study, alcohol consumption was only moderately
associated with WAS. On the other hand, solvent exposure among the painters
and floor-layers has been notably higher in the past (Kaukiainen et al. 2004a),
and the respondents’ working careers were long. Thus, previous higher
exposure might have affected their work ability.
Styrene levels in the boat industry have remained high even in the 2000s
(Bäck et al. 2016, Surakka 2011, van Rooij et al. 2008), but the WAS of the boat
builders was still higher than that of the others. This might indicate that boat
builders use personal protective equipment more correctly, because according
to biological monitoring, their intake of solvents has decreased (Bäck et al.
2016). Another possible reason for the better work ability of boat builders is
the over representation of Swedish-speaking males among boat builders.
According to previous studies, both the work ability (Gould et al. 2006) and
the self-rated health (Hyyppä & Mäki 2001) of Swedish speakers are better
than that of Finnish-speaking workers, especially among men, which was also
the case in our study. The WAS of Swedish-speaking men was significantly
higher than that of the Finnish-speaking ones. The proportion of heavy
drinkers was also lower among boat builders, which may have played a role in
their better work ability.
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6.2 VALIDITY CONSIDERATIONS
6.2.1 POPULATION SELECTION AND QUESTIONNAIRE STUDY
As the goal was to reach solvent-exposed workers and possible CSE cases, we
chose to direct the screening towards occupations with the greatest CSE risk
according to Finnish statistics (Keski-Säntti et al. 2010).
However, some CSE cases may have been missed during the course of the
screening study. Even though both OHS coverage and unionisation rates are
high in Finland, it is possible that during the selection we missed some workers
who were covered by neither OHS nor a trade union, and these may represent
workers in workplaces with the poorest occupational hygiene. In addition, of
the construction painters, only every sixth employee was included due to
limited resources, which increases under-detection. Selection was limited to
workers who were 30–65 years old. It is unlikely that CSE cases would have
been found among workers aged under 30, as in Finland no case under this
age has been diagnosed for decades (Keski-Säntti et al. 2010). However, it is
possible that we might have missed some cases in the population aged over 65.
The response rate of 48% can be considered acceptable, as response rates
in epidemiological studies have been declining internationally for decades
(Morton et al. 2012). The response rate was higher (55%–60%) in the age
group in which CSE is usually detected, i.e. the over 50-year age group (KeskiSäntti et al. 2010). Perhaps younger workers are less exposed to solvents, have
fewer symptoms and are thus not so eager to respond. However, it is possible
that there were some CSE cases among the non-respondents. The nonrespondent analysis showed that older workers were somewhat more eager to
answer, as were the painters and printers. There were no significant
differences in terms of sex or language distribution between the respondents
and non-respondents.
Additional cases might also have been missed while selecting the
respondents for clinical examinations, even though the inclusion criteria for
neurotoxic symptoms (Kaukiainen et al. 2009b) and exposure were kept low
to avoid under-detection. The low inclusion criteria resulted in ten people
being estimated as not having enough exposure to have CSE in the clinical
examinations. Moreover, some cases may have been missed due to the BDI,
Audit-C scores or a medical condition, even though the BDI exclusion criteria
were as high as over 18, and the Audit-C exclusion criteria over 8 to avoid
under-detection. Of the 127 respondents invited to the clinical investigations,
32 did not want to participate, and 12 never showed up. Some CSE cases may
exist among these groups especially, as they all had memory and concentration
symptoms, substantial solvent exposure and no other obvious explanation
according to the questionnaire. The loss was the highest among the boat
builders, which might have caused additional underestimation among them.
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The healthy worker effect is seen in solvent-exposed worker populations
(Chen and Seaton 1996, Toppila et al. 2006, Meyer-Baron et al. 2008), i.e.
those who do not adapt to solvent work or become ill leave the trade. Thus, as
in cross-sectional studies in general, the healthy worker effect should be taken
into account as a possible source of under-detection of CSE. However, the
respondents included retired, unemployed, temporarily laid-off workers as
well as those on sick leave but belonging to a union or OHS registers, which
may have decreased the healthy-worker effect in this study. On the other hand,
in Finland, the healthy worker effect might be accentuated because OHS,
through mandatory pre-employment health examinations, detects workers
who are especially sensitive to solvents and their adverse health effects, and
prevents them from entering solvent-exposed fields (Sainio & Furu 2019).

6.2.2 REFERENCE POPULATIONS
The reference population in the work ability comparisons consisted of active
working Finnish building, maintenance, and manufacturing workers
(Kauppinen et al. 2013). One strength of this study is that their age, education
level, socioeconomic status and sex distribution corresponded well to that of
our study population. The limitation of this reference population was its rather
small size (n = 221), which may have contributed to the fact that some of the
differences remained statistically insignificant. The same applies to another
reference group, which was limited in size (Gould et al. 2006) (n = 178) but
corresponded to that of the study population in terms of age, gender,
nationality and social class.
Two other reference groups were even smaller: workers referred to FIOH
due to suspected CSE (n = 129) between 2002 and 2004 (Keski-Säntti et al.
2010), and the verified CSE cases (n = 19) detected in this group (Keski-Säntti
et al. 2010). On the other hand, the advantage is that they were all thoroughly
examined at FIOH, and their retirement rate, age, sex distribution, OD
examinations results, and exposure were all known.
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6.2.3 EXPOSURE ASSESSMENT
Estimating solvent exposure by a questionnaire is demanding (Fidler et al.
1987, Meyer-Baron et al. 2008, Williamson 2007), because it relies on selfreported information, and no past occupational exposure measurements are
available. Aware of this challenge, we chose to use a cumulative exposure
intensity score in addition to previously used exposure measured by years and
occupation.
Self-reported exposure history information might be prone to recall bias
(Williamson 2007, Teschke et al. 2002), and one forgotten work task might
remarkably reduce the estimated solvent exposure. However, we used example
exposure descriptions, with a comprehensive list of different solvent-exposed
tasks, combined with the duration of solvent exposure in years, which most
likely reduced the risk of recall bias and exposure misclassification. This is
supported by the strong correlation we found between the self-evaluated
solvent exposure indices used. Both the exposure years and cumulative
exposure score were high in the CSE cases, which is in line with the exposures
seen in previous Finnish cases (Keski-Säntti et al. 2010). This indicates that
we were able to identify highly exposed populations and suggests that the
exposure inquiry was useful in the questionnaires.
In cases of possible misclassification of exposure, this would be the same
in all the occupational groups examined. Overestimation of exposure is not
likely, due to no benefit from exaggeration, for example, during litigation.
We introduced a new solvent exposure questionnaire with a list of different
work tasks in which respondents chose how often and in which decades they
had performed the task in question. Two different scorings were used, and the
latter, Score B, turned out to be more useful due to its simplicity. However,
more research is needed to determine a safe cut-off limit for exposure, and
thus the questionnaire should mainly be used as a substitute for or supplement
to the interview, rather than as a counter.

6.2.4 ECONOMIC EVALUATION
The process of diagnosing CSE at FIOH often takes a few years, as thorough
differential diagnostics are carried out with a follow-up period of at least one
year. At the time of the economic evaluation, 15 new occupational CSE cases
were verified at FIOH (IV), but some cases were still pending. Later, three
more cases were verified, yielding a total of 18 new occupational CSE cases.
The higher number of new cases further augmented the cost effectiveness of
the process.
A limitation of this study is that we did not know the exact costs of the OHS
health examinations conducted betwe-en 2002–2004, or whether the OHS
units had really followed the given guidelines. However, because we used the
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same hourly costs for physicians and nurses for both screenings, the
approximation is satisfactorily comparable, as it is the ratio rather than the
actual price that weighs. In addition, as the difference in the cost of detecting
one new OD case was so substantial, almost thirty times cheaper, the result is
significant even if the costs are only approximate. Moreover, the time that
OHS personnel and workers need for examinations, as well the amount of
laboratory tests we used in the calculations were under- rather than overestimations in terms of the costs of the OHS health examinations.
This screening project was carried out in a highly industrialised country in
which solvent exposure levels have declined in recent decades. Nevertheless,
SPC screening succeeded in detecting new CSE cases and did so cost
effectively. If a similar screening project were carried out in a developing
country with presumably higher CSE prevalence, the price of detecting one
case would be lower, and screening would be even more cost effective.
The screening was carried out at the high cost levels of a developed country.
However, it is probable that the proportional result would not be very different
elsewhere, as costs and wage levels correspond. The first steps of the screening
were carried out using relatively low-cost methods that should be globally
applicable to primary health care.

6.2.5 EVALUATION OF OHS HEALTH EXAMINATIONS
A weakness of this study was its limited material: 18 workers with CSE and
their 36 previous OHS exposure-based health examinations. In addition, as
the content and procedure of the OHS examinations were based on medical
records, we cannot know what may have been left out. A further limitation was
that we had no reference group in which OHS had successfully detected CSE
cases. Thus, the study does not reveal whether the cases would have been
detected if the recommended protocol had been followed.
Despite the small number of cases, a strength of the study was that all the
OD cases were thoroughly investigated and verified occupational CSE cases,
and detailed information on the diagnostics, solvent exposure and symptom
onset was available. Thus, the study population was quite unique, as it is not
common to find a group of OD cases that would first have been missed and
then detected via another route. An additional strength was the very high
national coverage of OHS, which enabled us to gather previous OHS medical
records for all the cases.
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6.2.6 WORK ABILITY ASSESSMENT
Work ability was self-evaluated in this study, and self-report measures might
be prone to validation challenges (Williamson 2007). However, both WAI and
WAS are considered valid methods. WAI is a widely used and validated tool
for measuring work ability (Tuomi et al. 2006, Sell 2009, van den Berg et al.
2009). Its single item WAS question has shown to correlate well with total
WAI (Åhlström et al. 2010, El Fassi et al. 2013), and poor WAS has shown to
associate with thoughts of early retirement and disability pensions (PerkiöMäkelä et al. 2012, Roelen et al. 2014, Jääskeläinen et al. 2016).
Both the healthy-worker effect and possible recall bias when respondents
considered their previous work tasks might have somewhat diluted the
relation between solvents and reduced work ability. In addition, as solvents
may contribute to ill health in many organ systems (Xiao and Levin 2000,
Santonen et al. 2010), diseases can act as either a confounding or intervening
factor as regards the relation between solvent exposure and work ability. This
may partly explain why solvent effects cannot be seen in multivariate analysis.
The reference group might have included some exposed workers, which is
a common finding in epidemiologic studies, and this could have reduced the
difference between the work ability of the groups. Moreover, we did not know
the work ability of the non-respondents.

6.3 FROM IMPLEMENTATION TO PRACTICE
The national Finnish guidelines on OHS exposure-based health examinations
were updated in 2019 (Karvala et al. 2019). The recommendations regarding
health examinations of workers exposed to solvents and other neurotoxic
substances were modified accordingly (Sainio & Furu 2019). The present role
of the EQ neurotoxic symptom questionnaire is now emphasised and the new
solvent exposure questionnaire, designed as part of this study, has been
introduced. Liver function tests (Kaukiainen et al. 2004b) or clinical
neurological examinations are no longer recommended as first-line
examinations. Both FIOH and universities have contributed to educating the
OHS field in these new guidelines. The future will show how well OHS units
adopt these new recommendations, which should be audited.
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6.4 GENERAL APPLICABILITY
CONSIDERATIONS

AND

FUTURE

This study was conducted in an industrialised country with good occupational
hygiene and declining solvent exposure levels, and concerned a rare OD. This
must be taken into account when applying the results to other countries and
exposures.
Most global solvent use takes place in developing countries with poorer
occupational hygiene and surveillance (Caldwell et al. 2000, Dick 2006, Kim
et al. 2010), and thus future research should examine the health and work
ability effects of solvents in highly exposed populations and in developing
countries, where adverse solvent effects are assumed to be stronger. At the
population level, even a moderate adverse effect on work ability has great
economic importance, due to globally abundant solvent exposure.
At the national level in Finland, both the monetary and personal resources
invested in the OHS exposure-based health examination are considerable and
increasing. Thus, validated, cost-efficient methods are needed. This kind of
approach, which starts with a questionnaire and continues to clinical health
examinations is suitably applicable in OHS, and also works for other ODs. It
would be suitable for exposures whose symptoms can be investigated through
interviews, such as hand vibration and allergic symptoms.
The analysis of the OHS health surveillance data revealed major qualitative
problems, which must not be overlooked. Quality assurance and control are
key for promoting the quality of both health examinations and other processes
in OHS. In addition, quality improvement would be even greater if non-OH
physicians did not perform exposure-based health examinations.
The Finnish mandatory OHS system is unique, as is Finnish OHS
legislation. Thus, the system cannot be generalised to other countries as such,
but should be adjusted to national health care systems. The screening methods
used were nevertheless affordable and feasible, and applicable in many kinds
of health care systems. SPC screening is a potential model for modern
exposure-based occupational health surveillance and it may be further
elaborated by using electronic media for health surveys. One limitation is that
the questionnaire approach is not necessarily possible if workers are illiterate,
unless the questionnaire is expressed using pictures or symbols.
As ODs are globally under-detected (Azaroff et al. 2002, Rosenman et al.
2006, Carder et al. 2015, Samant et al. 2015), the need for affordable, effective
and validated screening methods is evident. Future studies should concentrate
on further improving surveillance designs applicable to OHS and primary care
practices. Presumably, this kind of critical multidisciplinary approach would
also be valuable in other countries in order to improve workers’ health
surveillance.
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7 SUMMARY AND CONCLUSIONS
The aim of this study was to examine exposure-based occupational health
examinations of solvent-exposed workers from a variety of perspectives:
effectiveness, cost-efficiency, and the process itself. The study also aimed to
research the effects of solvents on work ability.
The main findings of this study are that:


Occupational CSE is under-detected in Finland, despite the
mandatory OHS health examination system.



New occupational CSE cases can be identified using tools that are
applicable in both OHS and at the general practice level.



SPC screening detects new occupational CSE cases more effectively
than OHS health examinations.



SPC screening detects new occupational CSE cases at 1/30 of the
price of OHS health examination-based screening.



SPC screening detects CSE cases who are younger and have a
significantly lower retirement rate, which indicates that it can find
milder CSE cases at an earlier phase than OHS health examinations.



Although mandatory exposure-based OHS health examinations are
conducted, guidelines are not always followed.



Common health counselling seems to overrule exposure-based
issues in health examinations.



Even if memory and concentration symptoms are associated with
higher solvent exposure, the independent effect of solvents on selfexperienced work ability is relatively weak and is comparable to a
high level of alcohol consumption.



The strongest explanatory factors for poor work ability among
solvent-exposed workers are the number of chronic diseases, age
and employment status.
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