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Abstract
Long term occupational exposure to organic
solvents may cause adverse effects to the
central nervous system. This collaborative
study between six Swedish departments of
occupational medicine examines the overall
prognosis in terms of working capacity, symptoms, and psychometric test performance for
individuals occupationally exposed to organic
solvents. After re-analyses of the data from an
initial clinical investigation of 111 men, the
subjects were divided into two subgroups: one
group of 65 with symptoms but no impairment
on the tests and one group of 46 with toxic
encephalopathy (symptoms and test impairment). At least five years after the initial
examination the subjects were asked to attend
a re-examination that included a structured
medical interview and a psychometric
investigation. The results indicate that effects
on the central nervous system persist even
when exposure has ceased. In the group of 46
more men had stopped working and were
receiving sickness or early retirement pensions. This group also had reduced activity
levels with regard to everyday life, leisure
activities, and education or training and more
neuropsychiatric symptoms. There was no
support for the view that a solvent induced
toxic encephalopathy is a progressive disease
comparable with presenile dementia such as
Alzheimer's disease or Pick's disease. If a
worker was removed from exposure when he
presented symptoms without signs of impair-

ment in intellectual function recovery was seen
in most cases.

Since the end of the nineteenth century, organic
solvents have been known to cause acute intoxication
if exposure is sufficiently high. Chronic effects have
also been observed in conjunction with long term
exposure. Epidemiological studies in Scandinavia
have indicated that occupational groups with high
exposure to organic solvents were granted disability
pensions as a consequence of neuropsychiatric disorders nearly twice as often as non-exposed
workers.'4 Several cross sectional studies, based on
psychological testing, have shown that long term
exposure to solvents may impair functions of the
central nervous system, in particular, memory, concentration, and perceptual and psychomotor speed
and accuracy."'
A World Health Organisation meeting in 1985
concluded that long term occupational exposure to
organic solvents may cause adverse effects on the
central and the peripheral nervous systems.'2 The
same conclusion was reached at a workshop on
neurobehavioural effects of solvents held in the
United States" and by NIOSH.'4 There are,
however, some criticisms of the view that
occupational inhalation of organic solvents may
induce a chronic cerebral disease.'5 16
Neuropsychiatric disorders due to long term
exposure to solvents are now accepted as an
occupational disease in the Nordic countries. Consequently, patients suffering from presumed solvent
induced disease with rather non-specific symptoms
constitute a large group of patients examined at
occupational medicine clinics.'7 The clinical picture
of long term exposure to solvents is dominated by
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1986 at the occupational medicine clinics and about
14% were diagnosed as having solvent induced mild
toxic encephalopathy. Although there are a few
studies from Denmark,9 20 Finland," and Sweden'3
describing the prognosis for patients with solvent
induced neuropsychiatric disorders, the results are
conflicting and there is still much to leam about the
cause of the disease and its overall prognosis.
This collaborative study between six different
occupational medicine clinics throughout Sweden
has evaluated the overall prognosis in terms of
working capacity, symptoms, and psychometric test
performance. Two groups with previous exposure to
solvents were followed up. One group was made up of
patients diagnosed as having a solvent induced mild
toxic encephalopathy; the other included patients
with symptoms only. According to a recent workshop
on neurobehavioural effects of solvents, the disease
entities refer to type 1: symptoms only, and type 2B:
symptoms and impairment in intellectual function."
To our knowledge this is the first study where a
group of patients with a diagnosed solvent induced
mild toxic encephalopathy has been compared with a
group of patients with the same duration of exposure
to solvents and the same pattern of symptoms but
without impairment in intellectual functions.
"

Subjects
Altogether 111 patients who had been exposed to
solvents took part in the study. The patients fulfilled
the following pre-established criteria for participation:
Men, not older than 70 at the follow up investigation, were accepted. This was due to lack ofolder
age groups in the reference group for the psychometric tests.
At least 10 years of verified occupational exposure
to organic solvents.
Presence of symptoms consistent with a clinical
picture of organic nervous system influence.
Psychometric investigation performed at the first
clinical investigation.
Reasonable exclusion of other diseases.
After re-analyses of data from an initial clinical
investigation the patients were divided into two
subgroups. One group of 65 men fulfilled all criteria
but had none or only small impairments in the
psychometric test profile and hence did not fulfil the
criteria for a diagnosis of mild toxic encephalopathy
(type 1). Another group of 46 men was diagnosed,
based on symptoms and impairments in the psychometric test profile, as having a mild toxic encephalopathy (type 2B).
Six subjects in the type 2B group and three in the
type 1 group did not participate in the medical reexamination. One had died, one had developed
Alzheimer's disease, and one had moved and could
not be traced. The remaining five subjects did not

wish to participate in the re-examination but some
information about two of them was obtained from
relatives. Three did not wish to participate in the
psychometric investigation at the re-examination but
completed the medical investigation.

Methods
At least five years after the initial examination the
subjects were asked to attend for re-examination.
This included a structured medical interview based
on a protocol identical for all patients and a psychometric investigation with the TUFF battery."4
The structured interview included questions concerning duration of current and previous exposure to
organic solvents. Furthermore, questions were asked
about the social habits, other diseases and medication, alcohol abuse, and occurrence of 13 different
neuropsychiatric symptoms. The symptoms were
rated by the physician as not occurring, light to
moderate, or severe. The subjects rated the subjective change in each symptom since the first examination and the physician also rated the degree of change
between the two examinations in number and extent
of symptoms. In most cases the same doctor performed the interview on both occasions.
The subjects were also questioned about their
leisure activities. The activity areas comprised
everyday and housework activities (reading newspapers, following the news on the radio or TV,
housework, and sociability), hobbies, and leisure
activities, and finally educational or training
activities (training and membership in societies or
unions). The degree of activity was rated on a three
level scale; no activity, active, very active. The
physician also rated the degree of change in activity
level between the two examinations. Finally, the
diagnosis was evaluated at the re-examination.
DATA ANALYSIS

The comparisons between first and second test
results, changes in occurrence of symptoms, changes
in rated activity level, and changes in performance on
psychometric tests were compared by means of
Student's t test between group means. Paired comparisons were not used, since there was some internal
loss of data. Linear correlation and multiple linear
regression analysis were used to evaluate the influence of age and exposure on symptom occurrence,
activity level, and test performance. The level of
statistical significance was set at 5%.
Before the statistical analyses, the psychometric
test scores were transformed to a normally distributed stanine scale (range: 1-9, mean= 5, SD = 2)
to obtain age corrected scores.
Results
The characteristics of the groups are summarised in
table 1. No statistically significant differences were
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Table I Number, age (years), duration of exposure (years),
and duration untilfollow up (years) in the type I and type 2B
groups
Age

Group

No

x

Typel
Type 2B

65
46

53± 10
56 ± 8

SD

Duration of
exposure

Duration until
follow up

x

x

SD

23± 11
26 ± 10

SD

6-8± 1
6.7 ± 1

obtained between the groups in terms of mean age or
average duration of exposure to solvents. The groups
were similar with respect to their social status.
EXPOSURE, OCCUPATIONAL ACTIVITY
Most subjects were exposed to a mixture of organic

solvents; 47 were house or industrial painters, 24 car
industrial spray painters, nine exposed mainly to
petroleum fuels, and three worked with styrene. The
remaining subjects came from 13 different occupations.
The mean duration of exposure at the first examination was 23±11 years in the type 1 group and
26 ± 10 years in the type 2B group (table 1). Forty one
subjects had continued to work for shorter or longer
durations (range: 2 months-8 years) in solvent
exposed occupations after the first examination, and
at the time of the re-examination 16 were still in
exposed work (table 2), 13 of whom belonged to the
type 1 group. Thirty two subjects had non-exposed
occupations at the re-examination. In the type 2B
group the share of actively working subjects had
decreased between the examinations from 48% to
269%. In the type 1 group about 60% of the subjects
were professionally active at both examinations.
or

who used psychoactive drugs-for example, sleeping
pills-more or less regularly, eight belonged to the
type 2B group. Ofthe 16 subjects using beta-receptor
blockers, six belonged to the type 2B group. There
were no differences between the groups with regard
to other diseases, medication, or alcohol intake.
SYMPTOMS

The most common symptoms in both groups at the
first examination were memory disturbances, difficulty in concentration, fatigue, lack of initiative, and
mood effects such as irritation and depression. The
type 2B group also suffered from pronounced softness.

At the re-examination the prevalence of symptoms
was still greater in the type 2B group than in the type
1 group. The symptoms of depression, concentration

difficulties, and lack of initiative had improved in
of the subjects in the type 1 group than in the
type 2B group (fig 1). The groups did not differ in
degree of change in the remaining symptoms. After
pooling the five core symptoms (memory, depression, concentration, lack of initiative, fatigue), more
more
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Table 2 Exposure characteristics of type 1 and type 2B
atfirst examination and five year follow up

groups

Groups
Type I
(n= 65)
At first examination:

Working
Disability benefit/early
retirement pension

At re-examination:
Working, solvent exposed
Working, unexposed

Disability benefit/early
retirement pension

Retired due to age
Dead
No information

37

22

28

24

13
24

3
8

20
3
1
4

-

32
2

1

0-01
NS
NS

Softness

NS

Sleep disturban IcesL_

NS

Reduced libido I

NS

Dizziness

NS

Heart palpitatic)ns

_

NS

Tinglings
Type 2B
(n = 46)

0-01

rritation
OTHER DISEASES AND USE OF MEDICATION

At the re-examination other diseases and medication
were thoroughly assessed. The most common diagnosis was hypertension (n = 21, eight of whom
belonged to the type 2B group). Of the 18 subjects

0-04

NS

Alcohol intoler ance

Mean, core

iE_

NS
I

symptoms

j2 Type 1 *Type 2B
Figure I Changes in occurrence of symptoms at reexamination, in percentage of number of subjects in each
group. p Values from test of difference in symptom
development between the two groups (Students' t test).
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subjects in the type 2B group had deteriorated and
fewer subjects in this group had improved symptomatically between the examinations.
The Pearson product moment correlation coefficient between the subjective change in the
occurrence of the core symptoms between the two
examinations and the physicians rating was 064
(p OOO1).
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ACTIVITY PATTERN

The questions on leisure activities were pooled into
three main activity areas-namely, housework, hobbies, and training. More subjects in the type 2B
group had a passive activity pattern at both examinations. The groups did not differ in pattern of change
of activity level between the examinations (fig 2).
Age and duration of exposure did not account for
the differences in symptoms and activity levels in the
two groups. Subjects who were occupationally active
at the first examination had less severe symptoms
than subjects who were retired or received sickness
benefits (t=250, p=001). They were also more
active during their leisure time (t=2,11, p=0 04).
The occupationally active group was, however,
somewhat younger (53) than the inactive group
(M = 56 years) (t = 2, 23, p = 0O03).

Training

Mean activity level

El Type 1

*Type 2B

Figure 2 Change in activity level between first examination
and re-examination. Percentage of number of patients in each
group. No significant differences between the groups.

(synonyms and the reasoning test, figure classification).
Figure 3 shows the changes in individual stanine
scores from the first to the second testing for the
"hold tests" and the functional areas visuospatial
ability, visual memory, perceptual ability, and
psychomotor ability. More subjects in the type 2B
group deteriorated in the hold tests as compared with
the type 1 group; the pattern of change did not differ
between the two groups for the other capacities.
The age of the patients and the duration of their
exposure was not related to the differences between
the groups in psychometric test performance at the

PSYCHOMETRIC INVESTIGATION

The comparisons between the groups on performance on psychometric tests are based on standardised scores (mean=5, SD=2) to control for the
possible influence of age differences between the
groups.

The mean standard score of the two groups in each
table 3. The differences between the
first examination merely confirm the
diagnostic criteria since the type 2B diagnosis
depends on the outcome of the psychometric
investigation. The group with the type 2B diagnosis
had a significantly lower performance in visuospatial
ability (block design), perceptual speed (digit symbol, same numbers, dots), memory (Benton visual
retention test), and psychomotor speed (cylinders),
whereas the groups did not differ in the "hold tests"
test appear in
groups at the

two examinations.
RELATION BETWEEN THE MEASUREMENTS

Subjective change in

occurrence

of core symptoms

Table 3 Mean standardised scores on psychometric tests atfirst examination and at re-examination. p Values from Student's t
test of differences between means
Re-examination

Ist examination

Test

Type I

Type 2B

p

Type I

Type 2B

p

Synonyms
Reasoning

5-4
4-4
59
4.8
4.7
52
5-0

5.1
3.8
43
26
26
2-7
1-9
2-0

NS
NS
0 001
0-001
0 001
0 001
0 001
0 001

53
5-4
5-7
5.1
5-4
54
49
3-6

4.6
3-6
40
2-8
3-1
33
35
2-6

0-008
0 001
0-001
0-001
0-001
0001
0 001
0 005

Block design
Benton visual retention

Digit symbol

Same number
Dots (speed)

Cylinder

3-5
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the examinations in the hold tests did not differ in age
or duration ofexposure. The deteriorating group had
more symptoms at the first examination than the
improving group (t = 2 04, p = 005) and their symptoms occurred more between the examinations than
in the other group (t=2-32, p=004). The mean
activity level did not differ between the groups.
Subjects with a large deterioration in the hold tests
had a significantly higher mean score on the hold
tests at the first examination compared with the
group with a large improvement at the follow up
(t=4 35, p=0O001) (table 4). This regression
towards the mean was more apparent in the type 2B
group (t = 4 06, p = 0 002) as compared with the type
1 group.

Prognosis
Most subjects obtained the same diagnosis at the reexamination. Twelve subjects, however, improved
and changed their diagnosis from type 2B to type 1,
and three subjects deteriorated and changed their
diagnosis from type 1 to type 2B at the second
examination (fig 4).
F] Type 1 * Type 2E3
The subjects were divided into subgroups according to the stability of diagnosis. In the statistical
Figure 3 Changes in test performance from first to seo
analysis the group which obtained a type 2B diagtesting, in percentage of number of subjects in each grot
nosis at both examinations (type 2B-type 2B) was
Valuesfrom test of difference in performance developnr nent
compared with the group that obtained a type 1
between the two groups (Students' t test).
diagnosis at both examinations (type 1-type 1). The
type 1-type 2B group and the type 2B-type 1 group
and subjective change in activity level betweien the were too small to be included in the statistical
examinations were correlated (r=0 63, p=()DOO1). analysis.
Deterioration in the core symptoms betweten tme
examinations also correlated with reduced F)erformance on the hold tests (r=0-25, p=0011), the
First examination
Reexamination
perceptual tests (r = 028, p = 001), and psyche motor
performance (r = 030, p = 0 1).
Deterioration on the hold tests and on the visual
retention tests correlated with reduced activit y level
(r = 0 18, p = 005 and r = 0-22, p = 003).
Subjects with few (lower quartile) and many
(upper quartile) symptoms at the first exami[nation
did not differ with respect to duration of expo,sure to
solvents, age, activity level or performar ice in
psychometric tests.
Subjects with a large deterioration (lower quiartile)
and a large improvement (upper quartile) beitween
Type 2B
Type 2B
(n=46)
(n=28)
Table 4 Mean stanine score on the hold tests for subje'cts with
h
large deterioration (lower quartile, Q1) and wit, large
improvement (upper quartile, Q4) between the examitnations.
Type 1
I

Psychomotor

NS

UPnp

p Values from Student's t test of differences between mieans

Ql

Q4

oss

Group

x

SD

x

SD

p

Total group

5-8
5-8
5-8

1-7
2-1
1-6

3-7
4-0
2-8

1-3
1-1

0-000
NS
0-002

Type 1
Type 2B

(n= 1 2)

1-4

(n=6)
Figure 4 Distribution of subjects in the type I and type 2B
according to diagnosis at the examinations.

groups
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Figure 5 Changes in symptoms, acctivity level, and test
performance between first examinat,ion and re-examination in
subgroups type 2B-type 2B, type 1-*type 1. Numbers given
are per cent of subjects in each groulp. p Valuesfrom
Students' t test, of differences betwe,en the type 2B-type 2B
group, and the type 1-type I group.
SYMPTOMS

The number of symptoms rem ained stable in all four
groups at the re-examination. The type 2B-type 2B
group had a fairly extensive poattern of symptoms at
both examinations and a higlher proportion in this
group had deteriorated at the:re-examination (fig 5).
In the type 1-type 1 group th e occurrence of symptoms was low in both examinations.
ACTIVITY PATTERN

The mean activity level did n(ot change significantly
between the examinations in tthe groups or between
the groups (fig 5). More subje(cts in the type 2B-type
2B group were rated by the physician as having a low
activity pattern during their leisure time. Hardly any
of these subjects participated in educational or training activities and many showed a tendency to passivity at home and social isolattion.
PSYCHOMETRIC TESTS

The type 2B-type 2B group deteriorated in their
mean performance on the viisuospatial test, block
design (from stanine score 5 to stanine score 4,
t= 2-19, p = 0 02) whereas theiir performance in perceptual speed, psychomotoricc speed, and memory
remained at a stable, low level ((between stanine score
3 and 2). The type 1-type 1 gro)up performed at about
the same level in both examinEations (close to stanine
score 5 in all tests). The differe -nce between groups in
pattern of change between the examinations reached
significance for the hold tests ((t= 2 76, p = 0 01).

Discussion

The results show that effects on the central nervous
system due to long term exposure to solvents persist
even if exposure has ceased. The most striking
difference between the two groups at the second
examination is the life histories. In the group with the
diagnosis of solvent induced mild toxic encephalopathy (type 2B) more men had stopped working
and were receiving sickness or early retirement
pensions (74% v 35%). The group also had reduced
activity levels with regard to everyday life, leisure
activities, education and training, and more neuropsychiatric symptoms.
A clinical follow up study of this type may have
certain limitations due to a selection process operating before the patient's first contact with the clinic,
workers with access to an industrial physician may be
more likely to be referred to a clinic. The concern
about adverse health effects of exposure to solvents
among relatives and union representatives might
persuade the worker to see a physician who refers him
to the clinic. From this point of view it may not be
possible to generalise the results of the clinical follow
up study. There are also selection problems due to
loss at follow up, since patients may have died or may
not be willing to participate in the follow up study. In
this study nine patients (8%) were lost, of whom one
had died, one had developed presenile dementia, and
one could not be traced, whereas the others refused to
participate in a second examination.
The diagnosis of solvent induced mild toxic encephalopathy (type 2B) in Sweden is based on an
exposure criterion of at least ten years of exposure, on
typical symptoms, and on pathological findings on
the psychological function tests. The two groups
(types 2B and 1) were comparable with regard to the
re'sults on the hold tests at the first examination. This
indicates that their initial capacity was at about the
same level. The differences in performance on the
remaining tests could not be explained by differences
in duration of exposure between the two groups or
other diseases or the use of medication but may
reflect individual susceptibility. When comparing
the test results at the second examination it is worth
noting that, on a group basis, the group of 28 people
with the diagnosis ofmild toxic encephalopathy (type
2B) had not deteriorated in tests indicating diffuse
organic brain damage such as occurs in Altzheimer's
disease and Pick's disease. They did, however,
deteriorate on the verbal and reasoning tests between
the two examinations, which appears merely to
reflect a regression towards the mean, according to
the analyses.
The chronic symptoms reported to be associated
with long term exposure to solvents may be divided
into core symptoms and other commonly associated
symptoms. The core symptoms are increased fatigue,
poor memory, difficulty in concentration, and per-
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sonality changes (emotional lability, depression). For
some of these symptoms there are clear cut differences between the two groups, particularly with respect
to depression, concentration, and lack of initiative.
The report impairment of these symptoms in the
type 2B group is al-so in accordance with the evaluation made by the physician. The group with mild
toxic encephalopathy (type 2B) was rated to have a
more severe degree of depression and inactivity.
These results might be due to exposure to organic
solvents or because the worker had been classified as
sick and encouraged to avoid exposure to solvents. At
the clinics the routine has usually been to recommend
the patients with suspected intoxication by solvents
not to continue their exposure. Since many of these
patients were older it is possible that society has not
found it worth while to encourage re-education but
has provided early retirement pensions. This will
then lead to a situatiorn where the worker loses contact
with fellow workers leading to isolation and, secondarily, a risk of depression and inactivity. Consequently, it might be claimed that part of the
deterioration seen at the second examination might
be iatrogenic. This view is strengthened by the fact
that the non-working subjects in the type 1 group
also felt symptomatically worse at follow up. It has
also been suggested that development of symptoms
may be explained by classic conditioning to substances with strong odours.25
An interesting point is that 12 men who, at first
examination were diagnosed as having a solvent
induced mild toxic encephalopathy (type 2B), did not
receive this diagnosis at the second examination. One
reason could be that they were wrongly diagnosed at
the first examination because the psychometric tests
were performed while the patient still had acute or
subacute influence from the solvents. The recovery
may then be explained by better hygiene at work and
decreased exposure to solvents, consequently leading
to smaller effects on the central nervous system.
There are some difficulties in comparing our
results with those of other studies which have
described the prognosis of patients with solvent
induced neuropsychiatric disorders. The groups
included in other studies vary considerably with
respect to diagnostic criteria, sex distribution, age,
and time of follow up and, consequently, the results
are not fully consistent. With regard to the patients
with mild toxic encephalopathy our results are partly
consistent with other findings. Two Danish follow
up studies concluded that reversibility is not
observed nor is further progression to be expected if
exposure is stopped.'920 Finnish studies found that
the clinical picture and test results six years after
cessation of exposure could be worsened, unchanged,
or improved.2' In a Swedish follow up examination
after two to eight years without exposure, the
patients' performance on psychometric tests was

81

essentially unchanged.23 These authors, however,
also reported a decrease in the mean number of
symptoms whereas our study indicated that the
subjects had slightly deteriorated symptomatically
between the examinations. Taken together, the
studies on prognosis show great individual differences, both in susceptibility to solvents and in prognosis of the disease. None, however, supports the
view that a solvent induced mild toxic encephalopathy is a progressive disease comparable with
presenile dementia such as Alzheimer's and Pick's
diseases.
In the group with exposure and symptoms only
(type 1) we found that in most subjects the symptoms
of depression, difficulty in concentration, lack of
initiative, and tiredness had improved. The subjects
in this group were more active during their leisure
time and all who worked at the first examination were
still working at the re-examination. This indicates
that if the worker is taken out of exposure when he is
presenting symptoms without signs of impairment in
intellectual functions, recovery is to be expected in
most cases, even if exposure has lasted for years.
Emphasising the preventive aspects of occupational medicine it seems necessary to follow up
solvent exposure workers closely with regard to
symptoms such as increased fatigue, neuraesthenia,
depressive complaints, and impaired memory. To
detect early symptoms possibly indicative of incipient occupational solvent intoxication, some form
of screening procedure is necessary. This procedure
should preferably take the form of a periodic structured or semistructured interview with workers at
risk. This approach would obviously focus on the
symptomatology considered to be present in the
solvent induced toxic encephalopathy. If interviewing each worker is not practical a self administered,
validated questionnaire should be used. The specificity of this questionnaire, however, is likely to be
low and the correlation between questionnaire scores
and psychometric test results is not high.24 The
purpose of the screening test is to select workers who
should have priority for further investigation and
evaluation. An overlap between symptoms of acute
intoxication and those which might be part of the
chronic syndrome is inevitable. The chronic syndrome must not be diagnosed solely on the basis of
the results of a screening procedure. One further
benefit of the type of screening procedure might be
the identification of workplaces in which exposure
appears excessive.
Another important question concerns the possibility of active rehabilitation. Some patients may
benefit from cognitive behavioural therapy.25 The
results of this study suggest that part of the deterioration in symptoms may be due to the early retirement
pensions and the accompanying social isolation.
Adequate training of the functions affected and help
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in handling social situations might diminish
eliminate such symptoms.

or
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