Scand J Work Environ Health 1994;20 special issue:59—64

Has the Scandinavian solvent syndrome controversy been

solved?
by Christer Hogstedt, MD'

HOGSTEDT C. Has the Scandinavian solvent syndrome controversy been solved? Scand J Work En-
viron Health 1994;20 special issue:59—64. This article discusses the “Scandinavian solvent syndrome”
and reviews epidemiologic studies on occupational solvent exposure and two related outcomes. High
cumulative exposure to organic solvents in the 1960—-1970s was related to early retirement from neu-
ropsychiatric disorders, but solvent exposure alone was an unlikely cause of more severe dementia
conditions. Heavy alcohol consumption seemed to modify the effect on solvent-related brain disor-
ders strongly, but no reports exist of alcohol consumption as a confounding factor. Many cross-sec-
tional and experimental studies support functional impairment from high solvent exposure. The mists
and myths around the “Scandinavian solvent syndrome” can now be cleared up: it was not a uniform
syndrome, it might be reversible in many cases, it is not confined to the Scandinavian countries,
the risk of more severe dementia is substantial for combined high solvent exposure and excessive al-
cohol consumption, and many solvent-exposed workers receive early retirement due to solvent-

related neuropsychiatric disorders.
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The more recent history of what has been called the
“Scandinavian solvent syndrome” can be traced back
to the beginning and middle of the 1970s. Several
series of case reports were published from the Scan-
dinavian countries (1, 2) on solvent-exposed cases
with a symptomatology that could be summarized as
a psychoorganic or neurasthenic syndrome. The typ-
ical symptoms to be reported were memory dis-
turbances, excessive tiredness, personality changes
(including depression), irritability and affect labili-
ty, sometimes intellectual reduction, and problems in
maintaining a job and other social functions.

The interest in a possible causal relationship grew
when several cross-sectional studies, mostly from
Scandinavian countries, reported excess neuropsychi-
atric symptoms and impaired neuropsychological
performance among house painters, car painters, jet-
fuel exposed workers, and styrene-exposed workers,
to name a few. (See reference 3.) Several Scandina-
vian investigators also found an excess of disability
pensions due to neuropsychiatric disorders in solvent-
exposed occupational groups (4—7).

Case reports of similar types and the psychoorgan-
ic syndrome in relation to high exposure to organic
solvents had been described many decades earlier in
the literature on psychiatric and occupational medi-
cine (8—12). Already in 1955 the case reports had
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been supported by an epidemiologic study from Swit-
zerland (13). These authors concluded that “the clin-
ical examinations showed a relatively high frequen-
cy of subjective complaints, of alterations of the
vegetative nervous system and of neurological and
psychiatric symptoms. There is a relationship be-
tween the frequency of those nervous alterations and
the degree of exposure to trichloroethylene [p 142].”

Why did the rediscovery of these occupational dis-
orders cause so much debate and questioning? Was
it assumed that improvements in the work conditions
during the 1960s and the 1970s should have dimin-
ished solvent exposure in the industrialized countries
to levels that did not produce effects? Were the ef-
fects mainly expected from carbon disulfide and
trichloroethylene exposure? Was there suspicion that
liberal Scandinavian compensation laws might accept
such a relationship between the prevailing solvent
exposure and these symptoms while the scientific
basis was insufficient?

The controversy seems to have been sharpened by
the Danish practice to classify — and reclassify —
these neuropsychiatric symptoms as presenile demen-
tia (14). In many countries dementia indicated a pro-
gressive, nonreversible process of a much more se-
vere type than what had been found among the work-
ing populations studied. There was, however, no uni-
form psychiatric practice for classifying less severe
brain disorders at the time. It was not until the Amer-
ican Psychiatric Association published its Diagnos-
tic and Statistical Manual of Mental Disorders
(DSM—III) in 1980 that a more uniform classifica-
tion was broadly accepted for clinical, research, and
administrative use. Neither that diagnostic system nor
the revised version from 1987 (15) has been widely
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used and could therefore not have been applied in
retrospective studies. Furthermore, it would not have
excluded dementia as a possible classification of the
clinical pictures identified among some painters and
other solvent-exposed workers. DSM—III—R de-
fines the criteria for mild dementia as: “although
work or social activities are significantly impaired,
the capacity for independent living remains, with
adequate personal hygiene and relatively intact
judgement [p 107].” The criteria for moderate de-
mentia imply that independent living is hazardous
and for severe dementia that continual supervision
is required. Most of the reported cases had, howev-
er, less pronounced intellectual reduction than nor-
mally associated with dementia diagnoses.

The controversy has basically concerned whether
it is scientifically sound to accept long-term occu-
pational exposure to legally accepted levels of com-
monly used organic solvents as a cause of increased
risk — reversible or irreversible — of functional im-
pairments (after the acute and subacute phase) or
even more severe psychiatric illnesses due to brain
damage.

A sufficient number of studies has now been pub-
lished to make it possible to discuss potential risk
increases for two different sets of outcomes, (i) the
risk of being retired early due to neuropsychiatric
disorders and (ii) the risk of becoming a hospitalized
psychiatric patient, especially due to disorders related
to organic brain damage.

So far no follow-up study has been published with
a clinical base-line examination of unexposed work-
ers and a reexamination many years later, after some
of the workers have become exposed to solvents.
Such a design might be thought of as optimal if there
is good control of preexposure intellectual and psy-
chological capacity, careful exposure assessment, and
uniform, observer-blinded examinations — but it
would also be very expensive. A “pseudolongitudi-
nal” design has, however, been applied by Mikkelsen
and his co-workers (16), and it will also be reviewed.

Does long-term organic solvent exposure
increase the risk of disability pension due
to neuropsychiatric diagnoses?

In 1986 the four studies published on individuals
considered for a disability pension because of some
type of mental disorder were reviewed (17). All four
studies were from Scandinavia and demonstrated a
roughly doubled risk for painters and some other sol-
vent-exposed workers to develop an occupationally
incapacitating neuropsychiatric disorder before the
age of retirement. The majority of the design defi-
ciencies seemed to work in the direction of diluting
the risk estimates, making it more difficult to detect
true risks.

In 1989—1992 five more studies were published
on the risk of disability pension due to neuropsychi-
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atric disorders. In a Swiss cohort study 1916 paint-
ers and 1948 electricians were identified through the
1970 census and followed to 1984 (18). For four cat-
egories of neuropsychiatric diseases there were 20
pensions granted to painters and 10 to electricians,
giving an age-standardized risk ratio of 1.8. Among
the 20 painters, alcoholism was the main cause of
disability for four men and a contributing case for
eight. Among the 10 electricians, alcohol was a con-
tributing cause for one man only. Alcoholism as a
contributing factor has been discussed later.

In a study from the United States, the Social Se-
curity Administration’s records of white male recip-
ients of disability compensation were used in a case-
referent study on this topic (19). The cases were de-
fined as men with any of several neuropsychiatric
diseases, and the referents as men with other disa-
bling conditions. The men were considered exposed
if they had worked as painters prior to disability and
unexposed if they had worked as bricklayers. The
painters had a significant excess of neuropsychiat-
ric disability with an adjusted odds ratio of 1.4.

In a Dutch case-referent study the subjects were
selected from the Painters’ and Construction Work-
ers’ Organization and included 252 men awarded dis-
ability benefits due to neuropsychiatric disorders.
The referents consisted of a random sample of 822
men from the trade union (20, 21). For exposure, a
specific painter’s index was calculated, and it was
strongly associated positively with the risk for neu-
ropsychiatric disorders. The odds ratios were at least
doubled.

In 1990 a nested case-referent study of disability
pensions among Norwegian seamen, with special ref-
erence to neuropsychiatric disorders and exposure to
solvents, was published (22). Employment on chem-
ical and oil tankers was regarded as solvent-exposed,
substantiated by separate industrial hygiene reports.
The study included 68 cases of disability pension due
to neurosis, psychosis, or diseases of the nervous sys-
tem as either the primary or secondary diagnosis and
four times as many referents. For all types of diag-
noses the tanker seamen had a much higher risk of
disability pension compared with the seamen on dry
cargo ships, but a particularly high, dose-exposure re-
lated ratio was found for neuropsychiatric diagnoses.

The number of early retirements in 1971—1984
was compared between the 767 house painters and
the 1212 house carpenters who were born in 1925
or later, were members of the Stockholm branches
of the respective trade unions in 1965, and had been
members for at least 10 years before 1970 (23). The
total incidence of early retirement was higher for the
painters [46 cases, relative risk (RR) 1.3] and the in-
cidence for neuropsychiatric disorders, as the first
diagnosis, was higher for the painters than for the
carpenters (15 cases, RR 6.5). Alcoholism was the
most common neuropsychiatric disorder diagnosed.
It showed the highest relative risk (9 cases, RR 8.0).
See the later discussion on the possibility of alco-



holism as a confounding factor. Four of the painters
had a first diagnosis that was considered relevant for
a solvent-induced disorder compared with one among
the carpenters [RR 3.5, 95% confidence interval
(95% CI) 0.7—16].

In short, all published studies indicate that there
is an increased risk for workers with long-term ex-
posure to organic solvents to retire early due to
neuropsychiatric disorders. The interaction with al-
cohol has been discussed later.

Studies of hospitalized psychiatric patients

It has been suggested that the increased risk of dis-
ability pension due to neuropsychiatric disorders may
be caused by acute difficulties to work in solvent
exposure and that the effects may be reversible. Stud-
ies of patients hospitalized due to different psychi-
atric disorders, with special emphasis on diagnoses
indicating organic brain damage, would elucidate the
potential relationship between occupational solvent
exposure and more severe disorders than those that
may cause early retirement but be less damaging.

A case-referent study among Danish men admit-
ted to a geriatric ward was published in 1985 (24).
All of the diagnoses used to select the cases and ref-
erents were made during hospitalization. The case
group consisted of 207 patients with a broad group
of neuropsychiatric diagnoses. One hundred and ten
referents were chosen from patients with other di-
agnoses. Senile and presenile dementia and ischem-
ic cerebral arteriosclerosis were the most common
diagnoses. Questionnaires and telephone interviews
were used to seek information about the longest held
occupation, about employment for more than five
years in occupations with risk of solvent exposure,
and about alcohol consumption. The workers former-
ly exposed to solvents had an increased risk ratio of
2—3.

Cherry et al (25) compared occupational exposure
to solvents among 309 men with organic dementia,
cerebral atrophy, or psychoorganic syndrome admit-
ted to one of 18 Quebec hospitals and individually
matched with two sets of referents, one being patients
admitted with some other psychiatric diagnosis and
the other being patients admitted to a general hospi-
tal. Increased risks of about 1.4 were found for those
with organic dementia or cerebral atrophy. The ex-
cess was concentrated among heavy alcohol drink-
ers, judged either by associated diagnoses of alco-
holism (OR 5.0—S5.5) or by recorded alcohol con-
sumption (OR 3.0). However, only minor, nonsignif-
icant differences were found in reported alcohol con-
sumption between the exposed and unexposed work-
ers. The conclusion was that the combined effect of
occupational solvent exposure and alcohol intake is
probably an important cause of organic brain dam-
age. (See page 62).

Labreche et al (26) studied 381 men selected from
admission lists of two psychiatric hospitals in Mon-
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treal. Two series of referents were selected but only
a primary reference group was reported on in this
paper. The psychiatric diagnoses were divided into
psychotic and nonpsychotic diseases. The odds ra-
tio for nonpsychotic cases was 1.5 after the regres-
sion of confounders (90% CI 0.8—3.0). With the
psychotic diagnoses the odds ratio was below 1.

A case-referent study was conducted to assess oc-
cupational exposure to organic solvents and lead as
risk factors for Alzheimer’s disease (27). All of the
case subjects were diagnosed at a Veterans Admin-
istration Hospital in Bedford, Massachusetts. The
referents were selected from registration lists of Mas-
sachusetts voters and matched by gender, year of
birth, and town of residence. Information on occu-
pational history was assessed from a postal question-
naire sent to the spouse or next-of-kin of the study
subject. The response rate was poor. A total of 98
case and 162 reference subjects were included in the
matched analysis. No apparent association of in-
creased risk of Alzheimer’s disease was observed for
occupational exposure to organic solvents or lead.

In a case-referent study carried out in Great Brit-
ain (28) the relation between exposure to organic sol-
vents and presenile dementia was studied. The cases
were all men dying in England and Wales from 1970
up to and including 1979 with presenile dementia as
a cause of death on the death certificate. One age-
matched referent (2 years) for each case was random-
ly drawn from other death certificates. The most re-
cent occupation, stated on the death certificate, was
used to grade solvent exposure as probable, possi-
ble, or no exposure. There were 557 cases and the
same number of referents. Thirty-nine referents ver-
sus 43 cases had probable or possible occupational
exposure to solvents. The authors concluded that the
study indicated that exposure to organic solvents has
no etiologic role in the development of dementia.
However, the exposure classification used in this
study should considerably have diluted any true in-
crease in relative risk.

A recent meta-analysis of 11 case-referent stud-
ies on Alzheimer’s disease did not give any sugges-
tion of an association with solvent exposure (29).
These nonpositive results for the most severe demen-
tia are in good agreement with the findings of fol-
low-up studies of solvent-exposed patients from de-
partments of occupational medicine in Finland, Den-
mark, and Sweden, where no indications were ob-
tained regarding the development of such severe de-
mentias (30—33). Severe dementia has not even been
established among solvent abusers according to a
critical review (34).

Pseudolongitudinal study of
neurobehavioral effects among Danish
painters and bricklayers

In 1988, Mikkelsen et al (16) reported a follow-up
study on painters and bricklayers. The study popu-
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lation was established from male subjects with mem-
bership in 1971 in a Copenhagen local union of
house painters or bricklayers, born 1916—1940 and
with exclusion of those awarded any sort of pension
before 1976. The participant rates for the painters and
bricklayers were 88 and 83%, respectively, of the
invited subjects; 85 painters and 85 bricklayers par-
ticipated.

A clinical overall assessment was done by a psy-
chologist without knowledge of the occupational
status of the person being examined. According to
the authors this overall assessment “interprets and
combines numerous pieces of information into a
single measure of acquired mental impairment, and
was performed according to the general practice and
guidelines used for the clinical assessment of de-
mentia at the neuropsychological division. The
greater the discrepancy between the expected and
the observed general performance, the higher the
degree of dementia. Performance in specific tests
was evaluated considering both quantitative and
qualitative aspects as well as the validity of the test.
Clinical signs of demented behavior and degree,
history and relevance of symptoms of mental im-
pairment were evaluated in relation to test perform-
ance and were used in the interpretation of test re-
sults and final assessment of the degree of the de-
mentia [p 27].”

An individual solvent-exposure index in units of
liters per day times years was based on a very elab-
orate interview on work practices and categories in-
cluding an estimate of the average number of liters
of paint used on a workday when painting with a
brush, roller, or a spray gun. The degree of demen-
tia and dyscoordination increased significantly with
increasing solvent exposure. A similar, but nonsig-
nificant association was found for the relation be-
tween performance in psychometric tests and solvent
exposure. Painters with low exposure performed
equal or better than the bricklayers.

Computerized tomographic examinations of the
brain were performed on a subsample stratified ac-
cording to degree of dementia since the original in-
tention was to study the association between ques-
tionnaire symptoms of dementia, the clinical assess-
ment of dementia, and cerebral atrophy. However,
the same data were also used in an effort to evalu-
ate the relationship between solvent exposure and
cerebral atrophy. The results seemed to indicate an
increasing degree of cerebral atrophy with increas-
ing solvent exposure.

The degree of the dementia concept used and the
degree of dyscoordination and cerebral atrophy were
positively associated with each other, a finding sug-
gesting that they might reflect different aspects of a
common underlying factor, organic brain damage.
The results of Mikkelsen and his co-workers indi-
cate causality between long-term high solvent expo-
sure and increased risk of chronic encephalopathy in
their study population.
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In the mid-1980s, independently of Mikkelsen and
his co-workers, my co-workers and I started to plan
a similar study which has been described (35), car-
ried out, and soon will be submitted for publication.

Is alcoholism a confounding factor?

Several studies from different countries have found
an excess of alcoholism diagnoses among painters
when this group was compared with other skilled
construction workers, but there has usually not been
any indications of higher alcohol consumption among
the solvent-exposed workers (36). The interpretation
of the finding of excess alcoholism has varied. It has
been suggested that the alcoholism diagnoses are
misdiagnoses of solvent-induced changes. Another
suggestion has been that painters consume more al-
cohol than workers in allied trades because of social
and cultural differences and that excess alcohol con-
sumption is a truly confounding exposure. It is also
possible that there might be an interaction between
solvent exposure and alcohol intake that may in-
crease the number of alcohol diagnoses.

A Swedish study was designed to examine whether
diagnoses of alcoholism were more common among
house painters than among another group of con-
struction workers — namely, house carpenters (23).
Cohorts of 1212 house carpenters, born in 1925 or
later, and 767 house painters were followed in
1985—1986 in the following four registers: the reg-
ister of diagnoses at early retirement, the register of
diagnoses at discharge from in-patient psychiatric
care, the alcohol crime register (containing all crimes
linked to the handling or consumption of alcohol),
and the death register. In this study there was an ex-
cess risk for alcoholism among painters, as compared
with carpenters. However, the excess risk was con-
fined to those found in several registers due to an
alcohol diagnosis. It was not present among those
found in only one register.

Two explanations of this finding seem likely, first,
that a high consumption of alcohol has a tendency
to become more excessive among painters than
among carpenters and, second, that the damage pro-
duced by a high consumption of alcohol is more se-
rious among painters than among carpenters. Both
these explanations require an interaction between al-
cohol and some other factor among the painters. The
most likely fa~tor is solvent exposure. Solvent ex-
posure may possibly directly influence alcohol con-
sumption, or solvent exposure may act additively
with alcohol to increase the number of neuropsychi-
atric diagnoses, including alcoholism, among painters.

Discussion

The strength of the association between long-term
occupational solvent exposure and early retirement
due to neuropsychiatric disorders is not very strong



when compared with the association of other classi-
cal occupational disorders. The consistency in dif-
ferent studies from several countries is more impres-
sive, especially considering the weak exposure in-
formation, usually merely occupational years, and the
inclusion of many psychiatric diagnoses of question-
able relevance and precision. Such misclassifications
underestimate a truly increased risk.

Some further support for a causal relationship is
achieved by the fact that the number of early retire-
ments due to neuropsychiatric disorders among sol-
vent-exposed workers seems to have decreased dur-
ing the last decade in Sweden as the exposure situa-
tion has improved. This phenomenon has mainly
been due to a dramatic change from solvent-based
paints to water-based paints.

The findings of an excess of alcohol-related diag-
noses among solvent workers in some of the studies
make the final evaluation somewhat problematic, but
the studies by Cherry et al (25, 36) and Lundberg et
al (23) seem to imply that reducing solvent exposure
would also diminish the influence of alcohol dam-
age. Excessive alcohol consumption seems to work
as a modifying factor, and it may make it easier to
discover the increased risk of neuropsychiatric dis-
orders, just as cigarette smoking makes it easier to
discover the lung cancer effect of asbestos. In con-
clusion, it seems reasonable to state that long-term
occupational exposure to moderately high levels of
organic solvents increases the risk of early retirement
due to neuropsychiatric disorders.

Concerning more severe brain damage that might
necessitate psychiatric treatment in hospitals, the re-
sults are somewhat conflicting and the strength of an
association is weaker. The exposure assessment has
been much more elaborate in some of the hospital
studies, as well as the diagnostic work-up, compared
with the early retirement studies, but there could still
be a dilution of a truly increased risk. Alcoholism
was a strongly modifying factor in one of the stud-
ies (25). More studies are needed on long-term oc-
cupational solvent exposure and the possibility of an
increased risk of moderate organic brain damage al-
though it is unlikely that such a potential risk would
be of any higher magnitude unless in combination
with excess alcohol consumption.

An impressive number of cross-sectional studies
on neurobehavioral effects in solvent-exposed groups
continues to be published during the 1990s (37—44).
Some studies reproduce the initial findings from the
Scandinavian countries in the 1970s, while others do
not. These discrepancies can usually be explained by
low exposure levels, low participation rates, no con-
trol of selection forces, and the like. Thus it seems
safe to summarize that workers exposed to moder-
ately high concentrations of organic solvents will
have an increased risk of neuropsychological symp-
toms and decreased performances on certain psycho-
logical tests when examined within a few days or
weeks of their last exposure. From a medical point
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of view these findings would, in themselves, ques-
tion the occupational exposure limits for several or-
ganic solvents in many countries, and they are, of
course, compatible with an increased risk of long-
term functional or organic disturbances. There are
also several experimental studies on animals with
results that are compatible with such risks (3).

Concluding remarks

It seems reasonable to conclude that the exposure
levels for organic solvents that occurred during the
1960s and 1970s in many countries caused an in-
creased risk of impairment of the functional status
among workers with high cumulative exposure and
that this exposure also caused an increased risk of
early retirement due to neuropsychological disorders
but that it seems unlikely that this exposure also
caused an increased risk of more severe dementia
conditions like Alzheimer’s disease. Heavy alcohol
consumption seems to have a strongly modifying ef-
fect on solvent-related mental disorders. There are
indications that several of the milder disorders are
fully or partly reversible. In spite of many studies
from different occupational groups, certain research
is still needed to complete the picture of the phenom-
enon that was called the Scandinavian solvent syn-
drome but also has been identified in many other
countries.
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