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Abstract

We examined 52 railroad workers with long-term occupational solvent exposures
(average 22 years duration) who had been previously diagnosed by others as
having solvent-induced toxic encephalopathy. All described episodes of transient
intoxication associated with occupational solvent exposure. Persistent symptoms
developed, on average, 16 years after exposure onset and included impaired
memory (38), altered mood (21), imbalance (18), and headache (17). Thirteen
workers had mild mental status abnormalities, but none fulfilled conventional
clinical criteria for encephalopathy or dementia. None had abnormal blink reflex
(51) or abnormal electroencephalographic (39) studies. Eight of 47 magnetic
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resonance imaging studies showed evidence of scattered ischemic lesions among
workers with known diabetes mellitus (2), elevated blood pressure (4), or
peripheral vascular disease (2). One magnetic resonance imaging scan showed mild
cortical atrophy. In stepwise multiple linear and logistic regression models, no
statistically significant (P P P = 0.05) were associated with current use of
central nervous system-active medications. Further, lower Mini-Mental Status
Examination scores were associated with a history of alcohol abuse (P = 0.01)
and lower educational level (P = 0.03). The number of chief symptoms involving
memory, mood, balance, or headache differed significantly among workers in
different geographic sites (F(3,48) = 2.94, P = 0.04), a finding that was not
explained by job title or exposure duration. There also was a significant (P =
0.0001) inverse relationship between initial exposure year (r2 = 0.60) or total
years of exposure through 1987 (r2 = 0.56) and interval to major neurologic
symptom onset, suggesting that factors other than solvent exposure account in
part for worker complaints. We found no objective neurologic evidence supportive
of toxic encephalopathy or any other uniform syndrome among these individuals,
and most complaints were explained by neuropsychological factors or conditions
unrelated to occupational solvent exposure.

----------------------------------------------

Since the initial reports of painters' encephalopathy in the 1970s, the
association between neurologic dysfunction and occupational exposure to organic
solvents has remained under question. 1-10 The controversy centers on the
question of whether occupational exposure to trichloroethylene, trichloroethane,
perchloroethylene, mineral spirits, or similar solvents alone or in combination
at low doses over long periods of time are capable of causing permanent and
irreversible damage to the nervous system. Before initial reports of encephalopathy
among Scandinavian painters, there had been little concern about low-dose
occupational exposure to organic solvents, despite the recognition that many
solvents had neurotoxic potential when present in sufficient amount and that
high solvent exposures producing hypoxia and unconsciousness could produce
neurologic injuries, including death. In fact, several solvents used as
industrial degreasers, including trichloroethylene, were used as anesthetics
because they produced reversible unconsciousness at high exposure levels. 11-13
As an anesthetic, trichloroethylene was associated with a syndrome of multiple
cranial mononeuropathies, which were later found to be due to a decomposition
product, dichloroacetylene. 14-16 Trichloroethylene was replaced as anesthetic
agent not because of neurotoxicity but because better anesthetic agents became
available. Nevertheless, there was little general concern that chronic low-level
or even transient high-level solvent exposures not producing hypoxia were
dangerous to the nervous system. 7
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Initial reports regarding painters' encephalopathy included case reports and
cross-sectional studies that were not adequate to establish whether occupational
solvent exposure caused the reported findings. Little attention was given to
selection of control workers, measurement of exposure, or evaluation of
dose-response relationships. Some reports 17,18 were even revised by participating
authors after reanalysis using more appropriate control groups. 19 Subsequent
studies were more scientifically rigorous and included masked cross-sectional
evaluations to reduce inadvertent bias. 9,20 These studies measured solvent
exposures, masked examiners and workers to exposure level information, and
controlled for known confounders. Under these conditions, investigators found no
clinically significant behavioral or neurologic abnormalities attributable to
solvent exposure and no evidence of subclinical dose-response relationships. 20
These studies also identified the importance of exposure measurement. Many
reports of solvent encephalopathy used symptoms of acute intoxication as an
exposure surrogate because exposure levels were unavailable. 10,18,21 However,
the same non-specific symptoms frequently were used as indicators of neurotoxicity.
22 This approach led to circular reasoning, making it impossible to determine
the importance of such symptoms in estimating exposure. Unfortunately, a
deficiency in many epidemiologic studies is the inability to accurately assess
exposure. 23 Of interest, Maizlish and associates demonstrated that exposure
estimates based on report of symptoms (eg, lightheadedness or dizziness) did not
reflect direct air sample measurements. 9,20 Although the workers they examined
had relatively low-level exposures, estimates that were based on reported
symptoms, as done in numerous earlier studies, would have overestimated actual
exposures. In fact, symptoms of neurasthenia and intoxication were more common
among unexposed workers compared with workers in the highest exposure group. 9
To date, the hypothesis that occupational exposure to solvents at low doses over
long periods of time causes damage to the nervous system remains unsubstantiated.

To further an exchange of information about this controversy, the Association of
Occupational and Environmental Clinics and the National Institute of Occupational
Safety and Health sponsored a workshop on solvent exposure among railroad
workers. 24 Railroad workers are of interest because of the perception that they
have had particularly high solvent exposures, perhaps representing the largest
cohort of workers in the United States with such heavy solvent exposure. 25
There was agreement among participants at the workshop that railroad workers
with purported solvent-associated occupational illnesses require more rigorous
observation and study than accomplished to date. Our experience with one group
of railroad workers who were diagnosed by others with toxic encephalopathy
follows. On the basis of descriptions of previous examiners, these workers were
thought to be representative of railroad workers with solvent-induced encephalopathy.
 Methods
 Worker Selection and Characteristics
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The study was approved by the University of Michigan Medical School Institutional
Review Board. Prior to analyses, information linking any individual to the data
was removed and data for a random subset of workers were deleted to provide
additional anonymity. The study group represents railroad workers referred to us
consecutively over approximately 5 years by defense attorneys for independent
medical examinations. All workers were involved in litigation against their
employer because of alleged occupational solvent exposure producing toxic
encephalopathy, and all understood that the examinations were performed in the
context of their litigation. All workers had a previous diagnosis of toxic
encephalopathy, usually using diagnostic criteria developed at the 1985 World
Health Organization (WHO) workshop on organic solvents. 8,26 This 1985 scheme
includes a gradation of severity, with the mildest form of encephalopathy (type
1) based on symptoms not necessarily specific though usually referable to the
central nervous system (CNS). Mild toxic encephalopathy is defined in two ways,
depending on the presence of sustained change in mood or personality change
(type 2A) or an intellectual impairment demonstrated on neuropsychological
testing (type 2B). Severe toxic encephalopathy (type 3) is described as having
features of a chronic dementia. For workers whose type of encephalopathy was not
specified previously, we applied the WHO terminology.

The characteristics of the group are shown in Table 1. All exposure information
was historical, based on the individual worker's description, and verified by
review of occupational records when available. Each worker was assigned the job
classification that reflected his primary assignment during the period of
highest exposure. Several different job classifications provided different
exposure opportunities, although exposure experiences were similar because of
common work environments. A typical history included daily spraying of solvent
from a pressurized tank onto a locomotive, and direct application of solvent
from an open bucket onto parts. All workers denied use of respiratory or dermal
protection. Typically, chemicals were described by their common or trade names.
Those most frequently reported were trichloroethylene, trichloroethane, and
perchloroethylene, alone or (usually) in combination. Less frequently mentioned
were carbon tetrachloride, xylol, mineral spirits, kerosene, toluene, and
unidentified solvent mixtures. 

The duration of occupational solvent exposure averaged 22 years (range 10 to 39
years), and all workers reported exposures of at least 10 years duration,
fulfilling partial criteria for long-term exposure as reported by others. 27 The
highest-level exposures occurred before the mid-1980s, after which exposure was
minimal because of changing work practices. Because of limited solvent exposures
after the mid-1980s, the opportunity for solvent exposure from the presence of
solvents in the workplace therefore differed from that reported, averaging 7
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years less. On the basis of this calculation, 43 workers still fulfilled
duration criteria for long-term exposure. All workers regularly experienced
symptoms at work that they attributed to acute solvent intoxication. Symptoms
included transient headache, dizziness or lightheadedness, "drunkenness," and
balance problems. No worker reported accidents, injuries, or loss of consciousness
related to acute solvent intoxication.

Numerous conditions unrelated to solvent exposure existed that could contribute
to neurologic symptoms or signs. Four workers had adult onset diabetes mellitus.
Additional potentially confounding conditions included high blood pressure (17),
liver disease (1), and chronic pain other than headache (10). Six workers
reported prior alcohol abuse, and one of the six reported prior polysubstance
abuse. Thirty-one workers had been prescribed medications with potential CNS
effects, including antidepressant (23), antianxiety (6), combined antidepressant
and antianxiety (4), narcotic analgesic (4), and stimulant (2) medications. In
addition, 32 workers were receiving at least one among a variety of antihypertensive,
anticholesterol, antidiabetic, cardiac, cardiovascular, corticosteroid, and
headache medications. Fourteen workers were using no prescription medications at
the time of our evaluation; three of them previously had taken antidepressant
medications.
 Neurologic Evaluation

A standard clinical neurologic examination had been performed on all workers. 9
Evaluation included medical and occupational histories and review of past and
current use of medications, alcohol, and chemicals used in hobbies. Workers
identified their chief (primary) complaints. Other neurologic symptoms not
volunteered were elicited in a structured review of nervous system symptoms.
Records were reviewed to confirm the presence of medical conditions that could
adversely affect the nervous system. Previous medical examinations and
laboratory results, including magnetic resonance imaging (MRI) and electroencephalographic
(EEG) reports, also were reviewed, as were available education records.

Examination results included review of a structured mental status examination
based on cognitive domains such as general intellect, orientation to time and
place, simple receptive and expressive language, communication, attention and
concentration, immediate working memory, logical thinking, and following
commands. A Mini-Mental State Examination (MMSE) score had been calculated for
each worker. 28 The remainder of the neurologic examination results included
assessment of cranial nerves; motor function (station and gait, coordination,
alternate motion rate, and strength in proximal and distal muscles); sensory
function, including fine touch, vibration (128-Hz), pin-pain, temperature, dual
simultaneous stimulation, and Romberg test; and reflexes (muscle stretch
reflexes and primitive reflexes, including palmomental, snout, grasp, Chaddock,
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and Babinski). Orthostatic blood pressure measurements and response to
volitional hyperventilation had been recorded when indicated.
 Assessment of Encephalopathy and Affect

Several definitions of encephalopathy were used, including those developed at
the 1985 WHO solvent conference. 26 We designated workers with any CNS symptoms
with type 1, 2, or 3 encephalopathy. Workers with predominant neurobehavioral
deficits were designated with type 2 (mild toxic encephalopathy). This was
subdivided into type 2A (mood or personality change) and 2B (intellectual or
cognitive impairment). The latter designation requires neuropsychological
testing but, for the purposes of this study, was defined as any abnormality on
mental status testing. This distinction made little difference in the overall
classification because all workers with cognitive complaints and abnormal mental
status had previous neuropsychological testing identifying at least some
absolute abnormality. A few workers who were classified with type 1 encephalopathy
because they had normal mental status testing could have been classified with
type 2B encephalopathy by using the criterion of any abnormality on neuropsychological
testing. This is one of the difficulties of using the WHO classification scheme.
Workers demonstrating features of dementia were designated type 3 encephalopathy
or severe chronic encephalopathy. 8 Because of limitations of the WHO criteria,
including reliance on non-specific symptoms and failure to incorporate
neurologic findings in the definition of encephalopathy, we also assigned a
traditional definition of encephalopathy on the basis of symptoms and neurologic
signs of impairment.

Additional definitions of clinical encephalopathy required the presence of
symptoms and signs consistent with diffuse cortical dysfunction among symptoms,
mental status testing, and motor/reflex examinations. Appropriate symptoms
(worker or family member report) included any of the following: memory loss,
impaired cognition, irritability, short attention span, or impaired behavior
(disinhibition). Abnormal mental status testing required disturbance of at least
two of the following: personal orientation to self and environment, simple
calculations, short-term memory, digit span, comprehension, similarity testing,
multiple step command, or summary MMSE score. An abnormal motor/reflex
examination required at least two of the following: postural tremor, slowed
coordination, abnormal alternate motion rate, asterixis, dysarthria, akathesia,
ataxia, increased tone, increased muscle stretch reflexes, primitive reflexes,
or myoclonus. Probable clinical encephalopathy required appropriate symptoms and
at least two mental status and two motor/reflex examination abnormalities.
Workers who did not fulfill the criteria but who had appropriate symptoms and at
least one mental status or motor/reflex examination abnormality were labeled
possible clinical encephalopathy. Confirmed encephalopathy required appropriate
abnormalities on neuropsychometric testing. This was defined operationally on
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the basis of the results of the clinical and neuropsychological evaluations and
will be reported separately. The neurologic examination was used to identify
workers with possible abnormal affect, defined as appropriate symptoms of
depressed mood, suicidal ideation, terminal sleep disturbance, or feelings of
hopelessness. Definite abnormal affect required neuropsychological evaluation
and also will be reported separately.
 Nerve Conduction and Blink Reflex Studies

Sensory and motor nerve conduction studies had been performed on unilateral
sural, peroneal motor, median sensory and motor, and ulnar sensory nerves, as
reported previously. 29 Bilateral blink reflexes were recorded from the
orbicularis oculi muscles in response to percutaneous electrical stimulation of
the supraorbital nerve. Response measures included R1 and R2 latencies, measured
as the shortest latency recorded from 4 to 8 acceptable responses. A uniform
stimulation protocol delivered stimuli randomly without cueing, thereby reducing
anticipation.
 Assessment of Neuropathy

Subclinical or clinical neuropathy was established by using a combination of
abnormalities from the categories of symptoms, signs, and electrodiagnostic
testing as consistent with standard clinical practice. 30,31Clinical neuropathy
was defined as the presence of abnormalities consistent with a sensory or
sensorimotor polyneuropathy in at least two of the following: physical symptoms,
peripheral sensation, or decreased gastrocnemius-soleus reflexes compared with
quadriceps reflexes. Appropriate symptoms include report of symmetrical stocking
or stocking-glove distribution numbness, tingling, or sensory loss. Workers with
a single appropriate abnormality among symptoms, sensation, or reflexes were
labeled possible clinical neuropathy. Confirmed clinical neuropathy required
abnormal electrodiagnostic testing consisting of at least one abnormal nerve
conduction measure in two peripheral nerves. 29
 Statistical Analysis

The frequency of symptoms, clinical signs, and neurologic diagnoses were
tabulated. When possible, the likely cause of individual problems was identified
and recorded. Exposure duration (reported and based on exposure opportunity),
latent interval from exposure onset to development of first persistent symptom,
geographic work location, and job title during time of predominant exposure were
recorded, as were confounders that could potentially influence the neurologic
examination (age, years of education, history of alcohol abuse, and use of
CNS-active medications). Stepwise multiple linear regression models were used to
identify the contribution of demographic variables (eg, age, education, body
mass index), potential confounding factors (eg, past history of alcohol abuse,
current use of CNS-active medications), and exposure duration to the frequency
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of chief complaints (symptoms of abnormal mood, memory, balance, headaches), the
frequency of abnormal neurologic signs (eg, mental status, cranial nerves,
tandem gait, Romberg), and performance on a cognitive screening measure (MMSE).
These models were then used to assess for the presence of dose-response
relationships between exposure duration and the number of symptoms suggestive of
encephalopathy or signs of impairment. The level of significance for including a
term was P P > 0.10. To further explore the relationship between demographic
variables, confounders, and exposure duration and the presence or absence of
specific symptoms or signs, logistic regression models were calculated using the
dichotomous data. Correlations between continuous variables were assessed by
using Pearson's coefficients, and non-parametric correlations were assessed with
Spearman's coefficients. Given the multiple comparisons generated, a conservative
significance level of 0.01 was used. Potential differences in exposure duration,
reported symptoms, and signs of impairment between workers in different job
categories or in different geographic locations were examined using analysis of
variance.
 Results
 Neurologic Evaluation

Complaints reported by individual workers are summarized in Table 2. The most
common chief complaints included difficulty with memory or concentration,
impaired mood, abnormal balance, or headache; 46 workers listed at least one of
these as a chief complaint. When all complaints were considered, including those
elicited in the review of symptoms, all but two workers reported at least one of
the above symptoms. Slightly less than one-half of the workers (46%) complained
of abnormal memory and impaired mood. 

The results of the neurologic examination are summarized in Table 3. Eighteen
workers had a normal neurologic examination, and 34 workers had at least one
abnormality. Abnormalities of mental status were the most prevalent findings
identified. Thirteen workers had mental status signs, including abnormalities of
general intellect, attention, short-term memory, and abstract thinking. Six of
the 13 workers had a single mental status abnormality. Three workers had poor
reading skills in association with a poor general fund of information. All three
were high school graduates, but they reported poor grades, failed courses, or
repeated courses or years, suggesting a long-standing problem and limited
educational achievement. Two of the three had clinical evidence of an underlying
depressive disorder, and the third was taking a narcotic analgesic for a chronic
pain syndrome. Of the remaining 10 workers, seven had concurrent evidence of
depression or an anxiety disorder and had been prescribed CNS-active (psychotropic)
medications. An additional worker had evidence of a functional disorder, giving
inconsistent results and performing better on more difficult, compared with
easier, tasks. The remaining worker had inconsistent performance and a school

file:///C|/Users/MadeK42/Desktop/LIBRARY%20ARTICLES...rkers_Previously_Diagnosed_With_Solvent-Induced.txt (9 of 25) [8/10/2010 1:33:58 PM]



file:///C|/Users/MadeK42/Desktop/LIBRARY%20ARTICLES/Neurologic_Evaluation_of_Workers_Previously_Diagnosed_With_Solvent-Induced.txt

record of poor educational performance with an IQ measurement in the low 70s
when in high school. 

Cranial nerve abnormalities included retinopathy (1) in a worker with diabetes
mellitus, anisocoria (1), and a tonic (Adie's) pupil (1). Two workers had
unilateral localized weakness, one in the distribution of a nerve root and the
other in the distribution of a division of the brachial plexus. Three workers
had a mild postural tremor. The tremor was most prominent in a worker who was
prescribed lithium, from which tremor is a common side effect. Fourteen workers
had abnormal gait, all identified on tandem walking. Six of the 14 had an
abnormal Romberg or distal sensory loss explaining the gait disorder. Three
others had astasia-abasia with intermittent and exaggerated findings inconsistent
with an organic gait disorder. All but one of the 14 used medications that
potentially interfered with balance. Twelve workers had sensory loss, which was
symmetric in seven, with mild stocking or stocking-glove impairment of vibration
and pin-pain sensations. The remaining five workers with focal sensory
abnormalities demonstrated dermatomal (1), single nerve (2), nerve branch (1),
or non-physiologic (1) distributions. None of the seven workers with symmetric
sensory loss had impaired joint-position sensation or astereognosis. One of the
seven had hypoactive ankle reflexes. Palmomental reflexes were recorded in 16
workers. No other primitive reflexes were recorded. On the basis of the
subjective evaluation of affect, which included review of individual histories
and direct observation, 32 workers had symptoms and signs consistent with
possible depressed mood.
 Assessment of Encephalopathy and Neuropathy

On the basis of WHO criteria, 10 workers had type 1 and 42 workers had type 2
encephalopathy; no worker had type 3 (Table 4). Of those with type 2 encephalopathy,
21 fulfilled criteria for type 2A, 8 for type 2B, and 13 for both 2A and 2B.
Under conventional clinical criteria, 27 workers had possible encephalopathy
based on the presence of appropriate symptoms, but no worker fulfilled criteria
for probable clinical encephalopathy based on the presence of appropriate
symptoms and combined mental status and motor or reflex abnormalities. Of the 27
workers with possible clinical encephalopathy, 12 had no mental status
abnormalities and eight had a single abnormality recorded on mental status
testing. Ten of the 27 workers had no motor or reflex abnormalities, and 14 had
only one motor or reflex abnormality, most typically a palmomental reflex. The
remaining three workers with motor or reflex abnormalities had palmomental
reflexes and mild sustension tremor (1), palmomental reflexes and abnormal
tandem gait (1), and mild sustension tremor and abnormal tandem gait (1).
Comparison of symptoms of encephalopathy and neurologic findings consistent with
encephalopathy after separating workers on the basis of their WHO classification
is shown in Table 5. Workers classified as having WHO type 1 encephalopathy had
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fewer mental status signs on standard neurologic examination than remaining
workers, and there was a significant increase in the number of mental status
abnormalities (P = 0.0001) and a decrease in the MMSE score (P = 0.002) among
workers classified as WHO type 1, 2A, 2B, and 2A, B. No similar relationship was
identified for the number of motor or reflex abnormalities suggestive of
encephalopathy and the WHO classifications (P = 0.5478). 

Thirty-nine workers had conventional EEG examinations, all producing normal
results. Forty-eight workers had cranial MRI studies. Eight of the 48 studies
were abnormal, but only one demonstrated cerebral atrophy, described as mild or
equivocal. The other seven abnormal MRI studies demonstrated evidence suggestive
of scattered ischemic lesions. These included two workers with diabetes
mellitus, four with elevated blood pressure (three diagnosed with and treated
for hypertension), and one with vascular disease. No worker had abnormal blink
reflex studies.

Six workers had clinically evident polyneuropathy (clinical neuropathy). Three
of the six fulfilled electrodiagnostic criteria for confirmed clinical
neuropathy. Two of the three workers with confirmed clinical neuropathy had
diabetes mellitus. Diabetes is one of the most common causes of polyneuropathy,
and these two workers had nerve conduction findings consistent with diabetic
neuropathy. The third worker had findings characteristic of a diabetic
neuropathy as well as a family history of diabetes but had never been tested for
diabetes. Twelve other workers had focal electrodiagnostic abnormalities
consistent with local trauma, including six with median mononeuropathy at the
wrist, six with ulnar mononeuropathy, and one with residual abnormalities from a
prior radiculopathy.
 Differential Diagnoses

On the basis of the clinical examination and test results, a differential
diagnosis had been developed for all workers, providing when possible a
conventional clinical explanation (diagnosis) for the individual primary
complaints (Table 6). For most workers, a common explanation existed that
frequently had been identified by the worker's personal physician. Frequently,
workers with memory complaints provided examples of their difficulties that were
characteristic of normal memory variation rather than a pathologic disorder of
cognition. Examples included forgetting names of familiar people, forgetting
where they had placed their tools, needing lists when shopping, and being unable
to remember specifics of their trip after driving to and from work. Interpretation
of such complaints was complicated by use of medications known to interfere with
cognitive function. Many workers also were using medications known to influence
coordination and balance. Workers frequently denied knowledge of such potential
relationships or other medication side effects. Memory complaints frequently
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occurred in association with depressed mood or history of increased anxiety,
making it difficult to separate the role of psychological factors in their
complaints. 
 Overall Assessment and Dose-Response Relationships

Stepwise multiple linear regression models were used to assess for the presence
of a dose-response relationship between the number of exposure years and the
total number of symptoms or signs or impairments, while controlling for the
possible confounding effects of age, educational level, body mass index, history
of alcohol abuse, and current use of CNS-active medications.(Table 7) No
statistically significant (P P P = 0.046). Workers currently using CNS-active
medications were also somewhat more likely to demonstrate signs of impairment on
neurologic examination compared with remaining workers. 

After dichotomizing responses for individual symptoms and signs (present/absent),
logistic regression models were used to assess dose-response effects of exposure
while controlling for possible confounders. There were no significant relationships
between exposure duration and the presence of symptoms such as memory loss
([chi]2 = 3.45, P = 0.75) or balance complaints ([chi]2 = 9.43, P = 0.15).
Complaints of mood changes were significantly related to current use of CNS
medications ([chi]2 = 13.72, P = 0.03), and complaints of headaches were
inversely related to workers' educational level ([chi]2 = 18.29, P = 0.006). In
terms of neurologic signs, there were no significant relationships between
exposure duration and confounding variables and the presence of neurologic
signs, such as abnormal mental status ([chi]2 = 6.89, P = 0.33), abnormal
cranial nerves ([chi]2 = 3.88, P = 0.69), abnormal sensation ([chi]2 = 8.83, P =
0.18), abnormal Romberg ([chi]2 = 11.79, P = 0.07), or abnormal Palmomental
reflex ([chi]2 = 6.12, P = 0.41).

Individual correlations were examined between symptoms, signs, and MMSE scores
and criterion variables, such as exposure duration, body mass index, demographic
characteristics, and potential confounders. At the 0.01 significance level,
three variables (mood complaints, balance complaints, and tandem gait abnormalities)
were significantly correlated with CNS-active medication use. There were no
significant relationships with exposure duration. At a 0.05 level of significance,
the MMSE scores correlated significantly with exposure duration. Paradoxically,
a high MMSE score (better performance) was associated with longer exposure
duration. The stepwise multiple linear regression model generated to evaluate a
possible dose-response relationship between the number of exposure years and
MMSE scores after controlling for age, education, gender, history of alcohol
abuse, and use of current CNS medications identified no dose-response relationship
with exposure years. However, there was a significant relationship between MMSE
and past history of alcohol abuse and educational level (P = 0.012), accounting
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for 13.0% of the total variance. Workers with a history of alcohol abuse and
with lower educational levels were more likely to obtain lower MMSE scores.

There were no significant differences in exposure duration between workers with
different job classifications using analysis of variance models (F (3,48) =
0.59, P = 0.62). Moreover, there were no significant differences between workers
in different job classes and the total number of symptoms reported (F (3,48) =
2.42, P = 0.08), number of signs of impairment (F (3,48) = 1.51, P = 0.23), and
MMSE scores (F (3,48) = 0.70, P = 0.56). However, workers in different
geographic locations had significant differences in reported exposure duration
(F (3,48) = 4.49, P = 0.007). In particular, workers at one of the geographic
locations (site A) had significantly longer potential exposure than did workers
at remaining sites. There was also a significant difference in the total number
of reported chief complaints among problems with memory, mood, balance, or
headache symptoms between workers in different geographic sites (F (3,48) =
2.94, P = 0.04). Workers at site B reported the fewest number of symptoms (mean
= 1.5 +/- 0.7), and workers at site C reported the greatest number (mean = 2.4
+/- 1.2). There were no significant differences in neurologic signs (F (3,48) =
0.86, P = 0.47) or MMSE scores (F (3,48) = 1.07, P = 0.37) among the four
geographic sites.
 Interval From Onset of Occupational Exposure to Onset of Symptoms

Unexpectedly, there existed a significant (P = 0.0001) inverse relationship
between total years of exposure and interval to symptom onset. On average, the
first persistent chief symptom developed 15 years (1 to 33 years) after exposure
onset. However, there was an inverse relationship between the initial exposure
year (r2 = 0.61;Fig. 1) or the total years of exposure through 1987 (r2 = 0.56)
and the interval to the onset of the first major neurologic symptom. In other
words, workers with the longest exposure opportunity (as estimated by the year
of first occupational exposure or the number of years with potential exposure
through 1987) developed symptoms after a longer latent interval than did workers
with a shorter exposure opportunity. For example, workers who began work before
1970 developed symptoms, on average, 22 years later, whereas workers who began
work in the 1970s to 1980s developed symptoms 13 years later (P 
 Discussion

In the more than 20 years since the first reports of painters' encephalopathy,
subsequent studies have produced disparate results, with the bulk of evidence
failing to support a consistent association between occupational solvent
exposure and encephalopathy. However, interpretation of the evidence requires
more than just a tabulation of the positive and negative studies; it should be
based on an understanding of the methods used to evaluate the possible
association between occupational solvent exposure and encephalopathy. 23,32 Case
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reports do not provide reliable evidence of causal associations because they
involve individuals who are selected on the basis of both disease and exposure.
The selection criteria are often undefined, and it cannot be determined how such
selected individuals relate to the underlying population from which they are
selected. However, case reports provide an important starting point for further
scientific research into whether the purported associations exist and whether
they are causal.

Properly conducted cross-sectional studies provide more reliable evidence of
associations between exposures and disease, but they are inherently limited by
an inability to determine the temporal sequence between exposure and disease.
This is a critical issue in the literature on solvents and encephalopathy
because of the concern that people who enter solvent-exposed jobs may have
different preexposure cognitive abilities than do workers in other trades, with
whom they are often compared. 19 As a result, associations between deficits of
cognitive ability and solvent exposure may result from deficits that existed
before the exposure occurred rather than after exposure. Cross-sectional studies
can provide useful evidence that associations exist, but they must be followed
by more rigorous studies to ensure that such associations are causal.

Cohort and case-control studies often provide more reliable evidence of
causality. Cohort studies based on historical exposure information (recorded
before subjects are diagnosed with encephalopathy) can reliably establish that
exposure preceded disease. Of six cohort studies, four 33-36 failed to find
associations between occupational solvent exposure and encephalopathy, one was
confounded by alcohol consumption, 37 and one found a twofold risk of presenile
dementia among painters compared with bricklayers. 38 These studies leave
considerable doubt about the causal interpretation of the associations that have
been reported in cross-sectional studies.

Case-control studies have examined the relationship between solvent exposures
and various neurologic and psychiatric disorders, including CNS dysfunction, 39
neuropsychiatric disability, 40-44 neuropsychiatric disorders, 45 psychiatric
illness or disease, 46,47 alcoholism or neuropsychiatric disorders other than
neuroses, 48 presenile dementia, 49,50 Alzheimer's disease, 51,52 and multiple
sclerosis. 53 These studies have found either no association or weak associations
between solvent exposure and these disorders. A major concern in many of these
studies is a lack of exposure information. Because of the difficulties inherent
in recalling distant past exposures, these studies have been based on the memory
of the subjects to establish exposure or on inferred exposure on the basis of
job titles, without measurements to confirm either the identity of the solvents
or the actual exposure circumstances. In addition, control of confounding
variables, such as preexposure educational attainment and alcohol and drug use,
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has been limited. As a result, case-control studies do not provide convincing
support for the conclusion that solvent exposure causes neurologic and
psychiatric disorders.

If painters' encephalopathy is not an established disorder, then why has it
become so controversial, and how are the symptoms experienced by the workers in
our study explained? The answer to the first question is that much of the debate
reflects social and legal, not medical, issues. All of the workers reported here
were litigants against their employer. For the most part, their diagnosis of
toxic encephalopathy was not established by a neurologist, the medical
specialist who typically examines patients suspected of having encephalopathy.
In contrast, most neurologists, including those who frequently care for patients
with encephalopathy, have never examined a patient with encephalopathy thought
to be related to occupational solvent exposure. In fact, despite the implications
of a diagnosis of encephalopathy, only 13 of the 52 workers had been referred to
a neurologist for any reason. Four of the 13 workers had a diagnosis of
encephalopathy confirmed by the neurologist, with diagnoses of probable
Alzheimer's disease versus small vessel ischemia (1), multiple chemical
sensitivity syndrome (1), anxiety and depression associated with solvent
exposure (1), and possible presenile dementia (1). All four workers had normal
EEG studies. Two of the four had MRI evidence of scattered ischemic lesion. Of
these two workers, one had diabetes mellitus and one had elevated blood
pressure; both provided a history of alcohol abuse.

At least some of the controversy reflects the definitions used to describe
solvent-induced encephalopathy. The workers in our study were said to fulfill
the 1985 WHO definition of toxic encephalopathy, and we agree that these workers
fulfilled those criteria. However, although the WHO definition has potential as
an epidemiologic instrument for classifying workers, the definition has no
diagnostic application in individual cases because it rests heavily on
non-specific symptoms and disregards competing diagnoses. For example, behavior
can be affected by a variety of factors; only some are neurologic. A person with
depression reactive to life experiences but no solvent exposure might typically
have memory complaints (one criterion in the WHO definition) and even show signs
of intellectual impairment (another WHO criterion) in clinical testing or
interview, yet have no neurologically based dysfunction. With a change in life
situation, the depression might improve with subsequent improvement in
intellectual function. This individual would meet criteria for WHO type 2B
encephalopathy, but it would be erroneous to conclude that the cause could be
attributed to solvent exposure.

On the basis of our review, the diagnosis of toxic encephalopathy established by
others for these 52 workers was based primarily on symptoms and self-report and
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did not properly consider other available information, objective signs, or
competing diagnoses. All 52 workers had sufficient symptoms to fulfill one of
the WHO categories of encephalopathy. Yet none of the 52 workers fulfilled a
more conventional clinical classifications of encephalopathy or dementia that
includes evidence of appropriate neurologic impairment. Further, explanations
independent of occupational solvent exposure existed to account for almost all
of the neurologic symptoms and signs listed in Table 6. For example, many
symptoms were associated with long-standing problems, such as poor school
performance, whereas others reflected common pharmacologic side effects such as
imbalance and difficulty concentrating attributable to use of prescription
medications.

The limited number of signs suggestive of neurologic dysfunction argues against
substantial neurotoxic injury of any type in this group of workers. For the most
part, abnormalities were either non-specific, isolated findings or variations of
normality common in the general population. The most prevalent sign attributed
to encephalopathy in the records of these workers was the presence of palmomental
reflexes. These primitive reflexes also were the most common abnormality we
identified. However, palmomental reflexes exist frequently in asymptomatic,
otherwise neurologically intact, adults, as well as in 25% of young adults 54
and in over one third of subjects in the third to ninth decade of life. 55 These
prevalences compare favorably with our observation that 16 of the 52 workers
(31%) had palmomental reflexes. For comparison, consider the spectrum of
neurologic abnormality seen among patients with hypoxic or hepatic encephalopathy.
56-58 Irritability, agitation, and mild confusion develop in the setting of
abnormal postural tremor, slowed coordination, and restlessness. As the severity
of encephalopathy increases, patients demonstrate progressive personality and
cognitive changes and motor abnormalities, including akathesia, asterixis,
dysarthria, gross ataxia, paratonia, and appearance of primitive reflexes.
Further progression eventually results in coma with hyperreflexia, Babinski and
Chaddock signs, decerebrate posturing, altered respiration, and incontinence.
These neurologic changes are associated with EEG changes consisting of
progressive slowing, disorganization, and amplitude loss. 59 Similarly, neuronal
loss produces atrophy recognizable on MRI studies. Nothing suggestive of this
wide spectrum of neurologic consequences was recorded for any of the workers we
examined, including those who were disabled and unable to work because of
encephalopathy.

The process of developing a differential diagnosis is the established method by
which clinicians consider possible explanations for a patient's complaints and
clinical findings before making a final diagnosis. 60-62 This list of possible
diagnoses is reduced to a final diagnosis by evaluating the validity of items in
the list, preferably by using diagnostic tests of high specificity and
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sensitivity. In the majority of workers described here, the physician diagnosing
toxic encephalopathy provided no differential diagnosis and listed no possible
explanations other than occupational solvent exposure. Diagnostic evaluations
were neither comprehensive nor consistently applied, and the only primary
studies performed were either normal (eg, EEG and MRI) or identified non-specific
abnormalities (MRI or neuropsychological testing).

Workers did describe symptoms consistent with situational anxiety and depression.
Importantly, these symptoms often appeared after workers learned from others
that they had evidence of toxic encephalopathy attributable to solvents,
information that in itself might explain their emotional reactions. Many of
these workers had little understanding about their problem, reporting only that
they had been diagnosed with "brain damage." Many expressed anxiety or concern
about their future, believing that their condition was progressive and their
prognosis dismal. For most, the physician establishing the diagnosis of toxic
encephalopathy provided no follow-up after the initial evaluation, and the
diagnosis was provided by letter, rather than in person, many months after the
visit. Reassurance that they were unlikely to become mentally or physically
incapacitated over time because of this problem was not provided. These same
workers interpreted such common life events as misplacing their keys or
forgetting a neighbor's name as further evidence of their injury. One of the
most common causes of apparent dementia is pseudodementia, a treatable form of
cognitive impairment that has a psychological, not a neurologic, basis. 63-65
Patients with depressed mood of any cause typically display disinterest and poor
concentration, both of which result in memory difficulties.

Additional factors that could influence mood are numerous in this cohort. For
example, involuntary job-related relocation could be associated with potential
stress on the individual and the family. Workers who had been relocated were
more likely to be classified with WHO 2A and 2B encephalopathy (P = 0.023) or to
have symptoms potentially associated with clinical encephalopathy (P = 0.03)
than remaining workers. These same two groups did not have significantly
different exposure indices (eg, job title, years of exposure) or education.

To identify subclinical evidence of solvent-induced neurotoxicity, we explored
potential dose-response relationships among symptoms, signs, job title,
employment duration, and duration of exposure opportunity as surrogate measures
for actual exposure. None of these accounted for differences in frequency of
chief complaints or signs. We also found no evidence of a dose-response solvent
effect on nerve conduction study measures, a finding identical to our previous
report on a smaller sample of workers drawn from the same database. 29 The
absence of polyneuropathy or a subclinical dose-response effect on nerve
conduction studies is further evidence supporting a lack of neurotoxicity in
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railroad workers with occupational solvent exposure. The peripheral nervous
system is easily evaluated, 66 and peripheral measures are unaffected by
educational, emotional, and motivational influences-confounders that make
portions of the central nervous systems examination difficult. The absence of
any dose-response relationships also suggests that factors other than solvent
exposure account in part for worker complaints. Unexpectedly, we did find
differences associated with location of work that were not explained by job
title or exposure duration. Separation into geographic groups by worksite
identified some differences in symptom frequency but not in exposure history.
The differences in chief symptoms by geographic location are another form of
evidence that psychological factors are important in symptom development and
perpetuation in this sample of workers.

The latent period from onset of solvent exposure to development of persistent
symptoms was variable and inconsistent with development of toxic-induced
disorder. Rather than being clustered around a uniform latent interval, the
inverse relationship between the initial exposure year and the interval to
symptom onset shown in Fig. 1 is atypical of a neurotoxic or pharmacologic
effect. More likely, this latency is suggestive of the findings expected if
attention had been drawn to non-specific symptoms at a given period of time,
such as in relationship to removal of solvent from the workplace. Indeed,
several workers mentioned a meeting at which attorneys described the type of
symptoms that could result from exposure. Further, the observation that symptoms
differed by location despite uniform exposures argues strongly that psychological
factors (including group reinforcement), independent of any exposure, explain at
least a portion of the concerns.

We found no objective neurologic evidence supportive of toxic encephalopathy or
any other typical or uniform syndrome among these workers, and most of their
complaints might be explained by neuropsychological factors or conditions
unrelated to occupational solvent exposure. Strengths of the present study
include review of medical and related records, review of thorough neurologic
evaluation results, and application of conventional diagnostic techniques. We
found that standard diagnostic evaluations had not been performed previously,
and that definitions of encephalopathy had been applied indiscriminately without
proper formulation of a differential diagnosis. Undue importance had been given
to non-specific symptoms and isolated signs that have no neurologic importance
in isolation. Conversely, although we did not identify substantial neurologic
problems in this group of workers, we did find evidence of depressed mood and
anxiety in many workers. Because all workers had one or more detailed neuropsychological
evaluations, the question of whether altered mood can be associated with
occupational solvent exposure is being addressed and will be reported separately.
Independent of that evaluation, we conclude that the neurologic abnormalities we
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identified are, for the most part, explained by factors other than occupational
solvent exposure, and that any unexplained abnormalities seem to be mild or
equivocal and unlikely to be a source of concern.
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Table 1

Neurologic Evaluation of Workers Previously Diagnosed 
With Solvent‐Induced Toxic Encephalopathy.
Albers, James;  MD, PhD; Wald, John; Garabrant, David;  
MD, MPH; Trask, Christine; Berent, Stanley

Journal of Occupational & Environmental Medicine. 
42(4):410‐423, April 2000.

Table 1 . Characteristics of the 52 Workers at the Time of 
Evaluation
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Table 2

Neurologic Evaluation of Workers Previously Diagnosed 
With Solvent‐Induced Toxic Encephalopathy.
Albers, James;  MD, PhD; Wald, John; Garabrant, David;  
MD, MPH; Trask, Christine; Berent, Stanley

Journal of Occupational & Environmental Medicine. 
42(4):410‐423, April 2000.

Table 2 . Neurologic Complaints Identified at Time of 
Evaluation, Including Chief (Primary) Complaints and 
Those Derived From the Review of Symptoms (n = 52)
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Table 3

Neurologic Evaluation of Workers Previously Diagnosed 
With Solvent‐Induced Toxic Encephalopathy.
Albers, James;  MD, PhD; Wald, John; Garabrant, David;  
MD, MPH; Trask, Christine; Berent, Stanley

Journal of Occupational & Environmental Medicine. 
42(4):410‐423, April 2000.

Table 3 . Neurologic Abnormalities (Signs) Identified 
Among Workers (n = 52)* MMSE, Mini‐Mental Status 
Examination.+ Hyperreflexia (1), give‐away weakness (1), 
carotid bruit (2), focal atrophy (1), + hyperventilation (3), 
+ Adson's (1), + Tinel (15).
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Table 4

Neurologic Evaluation of Workers Previously Diagnosed 
With Solvent‐Induced Toxic Encephalopathy.
Albers, James;  MD, PhD; Wald, John; Garabrant, David;  
MD, MPH; Trask, Christine; Berent, Stanley

Journal of Occupational & Environmental Medicine. 
42(4):410‐423, April 2000.

Table 4 . Assessment of Encephalopathy and Neuropathy
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Table 5

Neurologic Evaluation of Workers Previously Diagnosed 
With Solvent‐Induced Toxic Encephalopathy.
Albers, James;  MD, PhD; Wald, John; Garabrant, David;  
MD, MPH; Trask, Christine; Berent, Stanley

Journal of Occupational & Environmental Medicine. 
42(4):410‐423, April 2000.

Table 5 . Comparisons of Symptoms and Signs Suggestive 
of Encephalopathy Identified on the Conventional 
Neurologic Evaluation Among Workers Separated on the 
Basis of Their WHO Classification of Encephalopathy** 
WHO, World Health Organization; MMSE, Mini‐Mental 
Status Examination.
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Table 6

Neurologic Evaluation of Workers Previously Diagnosed 
With Solvent‐Induced Toxic Encephalopathy.
Albers, James;  MD, PhD; Wald, John; Garabrant, David;  
MD, MPH; Trask, Christine; Berent, Stanley

Journal of Occupational & Environmental Medicine. 
42(4):410‐423, April 2000.

Table 6 . Clinical Explanations (Diagnoses) Related to 
Primary Complaints* Some workers had multiple 
explanations for a given complaint.+ Two additional 
workers had abnormal postural tremor but no complaint 
of tremor.
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Table 7

Neurologic Evaluation of Workers Previously Diagnosed 
With Solvent‐Induced Toxic Encephalopathy.
Albers, James;  MD, PhD; Wald, John; Garabrant, David;  
MD, MPH; Trask, Christine; Berent, Stanley

Journal of Occupational & Environmental Medicine. 
42(4):410‐423, April 2000.

Table 7 . Stepwise Multiple Linear Regression Modelsaa 
CNS, central nervous system.* Dependent variables.+ 
Independent variables.



© 2000 Lippincott Williams & Wilkins, Inc.  Published by Lippincott Williams & Wilkins, Inc. 9

Fig. 1

Neurologic Evaluation of Workers Previously Diagnosed 
With Solvent‐Induced Toxic Encephalopathy.
Albers, James;  MD, PhD; Wald, John; Garabrant, David;  
MD, MPH; Trask, Christine; Berent, Stanley

Journal of Occupational & Environmental Medicine. 
42(4):410‐423, April 2000.

Fig. 1 . Interval from initial exposure to neurologic 
symptom onset (years) versus the initial year of 
occupational exposure to solvents (brackets around 
regression line indicate 95% confidence bands for true 
mean of Y.
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