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Summary

The aims of this thesis were to study some controversial issues concerning the diagnosis of Chronic 

Toxic Encephalopathy (CTE) and to evaluate a (neuro)psychological treatment programme 

for patients with diagnosed CTE. CTE is a syndrome of cognitive and neurasthenic problems 

attributed to chronic solvent exposure. Solvent exposure is associated with problems in atten-

tion, memory, executive function and visuospatial skills; and with fatigue, instability of affect 

and difficulties in impulse control. Despite the fact that in the last decades international criteria 

regarding the diagnostic classification of CTE have been developed and neuropsychological test 

protocols have been propagated, the question whether chronic exposure to low doses of organic 

solvents has lasting neurotoxic effects is still debated. Only a small minority of exposed workers 

develop CTE. In clinical practice it is difficult to determine whether a patient’s cognitive and 

emotional symptoms are solvent-induced. Usually, there is no significant neurological and 

neurophysiological impairment. CTE is diagnosed by the exclusion of other causes, based on 

consensus by a multidisciplinary diagnostic team. Neuropsychological testing is the cornerstone 

of the diagnosis, but the differential diagnosis is complicated. Moreover, many patients with 

suspected CTE are engaged in litigation or financial compensation procedures, and in cases 

of suspected CTE, suboptimal performance on neuropsychological testing due to insufficient 

effort might be a substantial problem. 

This thesis is divided in three sections. After the introduction (chapter 1), the first section 

(chapter 2) consists of a general introduction in behavioural neurotoxicology, the second section 

(chapter 3 – 5) is devoted to diagnosis of CTE, and the third section (chapter 6 and 7) concerns the 

psychological treatment of patients with diagnosed CTE. In the final discussion (chapter 8) the 

most important findings and implications of the studies are commented.  

In chapter 2 neuropsychological effects of occupational exposure to neurotoxic substances are 

described in relation to diagnosis and treatment. The substances described are organic solvents, 

pesticides, heavy metals, carbon monoxide, and alcohol. 

The first empirical study in this thesis (chapter 3) is focused on the prevalence of insufficient 

effort in a Dutch patient group with suspected CTE. Insufficient effort, if present, undermines 

the ability to accurately interpret the results of other neuropsychological tests and thus must 

be ruled out as a factor negatively influencing test results. In this study, 184 subjects with 

suspected CTE were included, referred by general practitioners or medical officers to one of the 
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two locations of the Netherlands Centre of Occupational Diseases in the years of 1998 to 2000. 

For 145 subjects data were complete. Subjects participated in a multidisciplinary investigation, 

including a neuropsychological assessment. Two tests specifically devised for the detection of 

suboptimal performance were included in this assessment, the Amsterdam Short Memory Test 

(ASTM) (Schmand et al., 1999) and the Test of Memory Malingering (Tombaugh, 1996). Percentages 

of subnormal TOMM and ASTM scores were calculated, using cut-off scores with a specificity 

of 99%. Only 54% of the subjects exerted sufficient effort on both tests of malingering. Nineteen 

percent had low scores on both tests, and 45% had low scores on at least one of the tests. With the 

advised cut-off score for the ASTM, as many of 75% of the subjects could be considered to have a 

suboptimal performance. The two detection methods used gave rather different results for the 

proportion of insufficient effort, but appeared to be hierarchically related: nearly all subjects 

with low TOMM scores also had low ASTM scores, but low ASTM scores were not necessarily 

seen in association with low TOMM scores. This indicated that both tests seemed to measure 

the same concept. Overall, the study revealed that insufficient effort is indeed a factor seriously 

complicating neuropsychological assessment of CTE in at least 19% of referred patients. 

The development of test methods to detect insufficient effort is hampered by huge validation 

problems. There is no “gold standard” to determine with certainty whether a patient is exerting 

suboptimal effort. Construct validity, however, can be assessed in the absence of a gold standard. 

Chapter 4 reports on a construct validity study of several test indices of suboptimal performance 

in a group of 424 Dutch patients diagnosed for possible Chronic Toxic Encephalopathy (CTE). 

We analysed if these measures were correlated with each other, if they were correlated with 

extraneous (non-test) indicators of the construct (such as litigation and financial compensation), 

and if they did not correlate with variables that should be unrelated to the construct (such as 

duration and severity of exposure). Included were two specific effort tests, the Amsterdam Short 

Term Memory Test (ASTM) and the Test of Memory Malingering (TOMM), and six indicators of 

suboptimal, that is improbably low, performance from conventional neuropsychological tests 

(CVLT, Warrington Recognition Memory Test for Faces (RMT), Trail Making Test, and Digit 

Span Difference Score). 

When measuring the interrelations between various indices of suboptimal performance, 

however, it is not adequate to use conventional correlation procedures because a low correlation 

coefficient could reflect both a less than optimal association and differences in the frequency 

distribution of these non-parametric variables. To tackle this problem a Mokken analysis was 

used. This analysis is a statistical technique developed in modern item-response theory. It is 
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used to analyse a possible hierarchical structure in a set of items intended to measure the same 

construct. 

The first Mokken analysis showed that Digit Span Difference Score was clearly not related 

to the other indices and was omitted from further analysis. For the seven remaining indices 

scale H was .38 and Rho .71, meaning that this combination of indices showed the expected 

intercorrelations and could be considered as scalable and sufficiently reliable. 

Restriction to the three indices with the highest item H (the ASTM, the TOMM and the 

RMT had the highest correlation with the total scale) increased the scale H to .57 with a rho = 

.70. 

The indices differed in their sensitivity to detect insufficient effort and could be hierarchically 

ordered: nearly all subjects with low RMT scores also had low TOMM and ASTM scores; and 

nearly all subjects with low TOMM scores also had low ASTM scores, but low ASTM scores were 

not necessarily seen in association with low TOMM or RMT scores. So, the ASTM appeared to be 

the most sensitive test for detecting insufficient effort, whereas a suboptimal score on the RMT 

is uncommon but highly indicative of insufficient effort. 

The ASTM, TOMM and RMT were also significantly correlated with litigation status, which 

can be considered as supporting the construct validity of these measures. Duration and severity 

of exposure should preferably not be correlated with indices of insufficient effort. Exposure 

Years was correlated significantly with Trails A and B only, the two indices of the scale showing 

the lowest correlation with the total scale. 

Exposure severity correlated significantly with four of the seven indices forming the 

hierarchical scale: the TOMM, both CVLT indices and the RMT. However, this might also be due 

to the fact that assessment of exposure severity was based on self-report. 

The implication of this study for clinical practice is that the ASTM can be used to exclude 

insufficient effort: if scores on the ASTM are normal, insufficient effort can be ruled out as an 

explanation. However, if the ASTM score is low, it is wise to use other detection methods, e.g. the 

TOMM and the RMT, to yield more convincing information.  

In chapter 5, the neuropsychological functioning and psychological symptoms of a large group 

of 504 patients with suspected CTE were investigated, ruling out alternative explanations for 

their complaints, including suboptimal performance due to insufficient effort. Moreover, 

possible relations between duration and severity of exposure on the one hand and psychological 

symptoms and neuropsychological deficits on the other were analysed. Insufficient effort was 

defined using a combination of three indices of insufficient effort that appeared to form a 
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scalable and reliable indication of insufficient effort in the previous study: the ASTM, the TOMM 

and the RMT. Subjects were excluded if their scores on one or more of these tests were below 

cut-off as advised in the manual, or in a previous validation study (in case of the RMT). In this 

way, a group of 115 patients without any suspicion of insufficient effort was selected. To reduce 

the large number of variables and thereby the number of statistical comparisons needed, test 

score were combined into standardised sum scores for each neuropsychological domain. These 

neuropsychological domain scores of the patient group were compared with those of a control 

group of building trade workers matched for sex, age and education level (n=35). Psychological 

complaints were investigated using the SCL-90. The patient group appeared to have significan-

tly more psychological complaints on all scales of the SCL-90 and performed significantly worse 

than the control group on tests of speed of information processing and memory and learning. 

However, looking at individual performances only a small percentage of the patients appeared 

to have clearly abnormal scores for cognitive speed (11%) or memory (9%). Attention, verbal 

abilities, and constructional functions were not disturbed. There was a significant correlation 

between exposure severity and visuomotor speed.  

On the SCL-90, 46% of the patient group had abnormal scores on the global severity index, 65% 

reported cognitive problems, 57% somatisation or somatic symptoms, 41% had abnormal scores 

on hostility, and 38% on depression. Exposure duration and exposure severity were significant 

predictors of reported problems in cognitive functioning. Exposure duration was a significant 

predictor of phobic anxiety, depression, interpersonal sensitivity, and sleep problems. 

In short, this study showed a very consistent picture of subtle psychological and cognitive 

problems in patients with suspected CTE, if alternative explanations for their complaints are 

carefully ruled out.

The third section of this thesis was entirely devoted to the psychological treatment of patients 

with diagnosed chronic toxic encephalopathy. 

The objective of the review presented in chapter 6 was to establish evidence-based 

recommendations for (neuro) psychological treatment for CTE patients. However, an initial 

search showed there to be only four studies of psychological treatment for patients with CTE, 

two of them based on the same treatment group. The studies were all uncontrolled clinical 

case series. Therefore the search was extended to include outcome studies for syndromes 

characterised by a comparable symptom cluster of reported problems in attention and memory, 

fatigue and affective symptoms, namely the chronic fatigue syndrome (CFS) and the whiplash-

associated disorder (WAD). A systematic search was performed, using the databases PubMed and 
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PsychLIT; reference lists of retrieved articles were also examined. The articles were classified 

according to study design and level of evidence. Seven studies concerning CFS were classified as 

randomised controlled studies providing the highest level of evidence. Five studies concerned 

individual cognitive behaviour therapy (CBT), one study described a brief educational program 

based on CBT techniques, and one study described a group therapy format. Four of the six 

randomised-controlled studies evaluating CBT concluded that CBT was superior not only to 

standard medical care, but also to guided support groups and relaxation training. CBT in these 

studies was mainly focused on challenging dysfunctional cognitions regarding the effectiveness 

of rest and in stimulating graded activity. The studies of WAD were methodologically weaker, 

and most evaluated a combination of CBT and graded activity training. There was some evidence 

that changing fatigue- or pain-related behaviours may result in cognitive improvement. 

Two uncontrolled studies of CTE evaluated cognitive rehabilitation techniques but yielded 

inconsistent findings. 

The implication of this review was that a combination of CBT techniques and cognitive 

strategy training might be effective for patients with CTE. Changing fatigue and pain 

behaviours might diminish ineffective coping-styles, increase (social) activities and diminish 

fatigue-related problems in memory and concentration, and cognitive strategy training might 

directly address compensation of cognitive deficits related to CTE.  

Based on these results a psychological treatment for patients with CTE was designed and evaluated 

in chapter 7. Treatment consisted of 16 sessions in total, divided in eight group sessions of 

psychosocial therapy (PST) based on cognitive behavioural principles focusing on psychosocial 

functioning and coping with the syndrome, and eight sessions of cognitive strategy training 

(CST) focusing on cognitive strategies to compensate for memory and attention problems. The 

study design was a randomised controlled crossover design with follow-up in which the sequence 

of the therapies was alternated, and the cumulative effects of the two interventions were 

compared with the results of a waiting-list control group. Outcome measures were treatment 

satisfaction, psychosocial and cognitive variables. To reduce the large number of variables and 

thereby the number of statistical tests needed, and to improve reliability, (standardised) scores 

were combined into a number of sum scores. 

Four research questions were formulated:

1. Is treatment effective? Does the treatment group as a whole show more improvement on   

 the outcome variables after treatment and at follow-up than the waiting list control group?

2. Which individual factors contribute to the success or lack of success of the treatment?
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3. Which treatment, CST or PST, is most effective (condition effects)? Has the order in which  

 these treatments were given had any effects on treatment outcome (order effects)?

4. How many individuals improve according to a criterion of clinical relevant change? 

 Ninety-five patients were invited and accepted treatment. For 84 patients data were complete.

To answer the first research question (is treatment effective?), the treatment group 

as a whole was compared with the control group. Estimates of the effect of treatment on the 

various outcome measures were obtained by linear regression analyses with group assignment 

(treatment or control) and baseline values of the outcome parameters as the independent 

variables. After the treatment the treatment group had improved memory functioning compared 

with the controls, and improved scores on a list of target complaints related to CTE (TCL), but 

worse scores on the Sickness Impact Profile sum score (SIP). At follow-up treatment effects were 

no longer significant. Treated patients and their partners were very satisfied with the treatment 

and a substantial percentage of patients and partners reported improvement in psychosocial 

and cognitive functioning. 

To answer the second research question (which factors contribute to success?), a priori 

hypothesised potential confounders (e.g. effort and litigation status) were added to the global 

linear regression models. These analyses revealed that litigation was a predictor of psychosocial 

outcome scores. Subjects involved in a litigation or financial compensation procedure had 

worse scores on questionnaires regarding acceptation problems, target complaints (TCL), and 

the SIP after completing the treatment. Effort was, besides treatment, a significant predictor 

of memory scores after completing the treatment. Subjects exerting insufficient effort had less 

improvement on the memory tests after completing the treatment. 

In the treatment group, overall satisfaction ratings and ratings of cognitive improvement 

were significantly lower for the group exerting insufficient effort. 

To answer the third research question (which treatment, PST or CST, is most 

effective?), differences between group A (PST) and group B (CST), were analysed after the first 

part of the treatment. Multiple linear regression analyses were performed with outcome scores 

after the first part of the treatment as continuous outcome parameters, and baseline scores, 

treatment group, effort status, and litigation or financial compensation status as predictors. To 

determine any order effects the same analyses were done scores after treatment and at follow-

up as outcome parameters. After the first part of the treatment, the CST group reported better 

cognitive functioning than the PST group, and performed better on the memory tests. The PST 

group was more satisfied with the treatment, but also reported more somatic complaints. There 

were no clear order effects. 
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Considering the fourth research question (how many individuals improve?), the 

proportion of individuals with a relevant improvement on memory functioning was determined 

according to the reliable change index. Thirteen (32%) of the treated patients exerting sufficient 

effort improved, compared to 0% of the treated patients with insufficient effort scores. For the 

controls these figures were 3 (13%) and 0.

 

Finally, the General Discussion was focused on the most central issues of this thesis: the 

concept of insufficient effort, the definition and assessment of CTE, and treatment possibilities 

for patients with diagnosed CTE. 

In short, we can conclude that insufficient effort is a frequent phenomenon in chronic toxic 

encephalopathy that can seriously complicate neuropsychological assessment of CTE. A 

main implication of these findings is that they could undermine past studies regarding 

neuropsychological test results of patients with suspected CTE. Moreover, specific tests for 

insufficient effort should be included in international guidelines for core batteries in the 

future. 

If sufficient effort is ruled out as a factor negatively influencing neuropsychological test 

performance, patients with probable CTE appear to have problems in information processing 

speed en memory en learning. Since the criteria to exclude insufficient effort were very stringent, 

the neuropsychological problems due to CTE might even have been underestimated.

The psychological treatment programme was moderately effective for patients with CTE, 

especially the Cognitive Strategy Training. However, effectiveness might be improved by 

offering more sessions, or by organising regular meetings to update and practice cognitive 

strategies. Effort was an important predictor of treatment success in patients with diagnosed 

CTE. Patients exerting insufficient effort were less satisfied with the treatment and benefited 

less from the treatment. Contrary to our expectations, the psychosocial therapy, focusing on 

ineffective coping styles, was not successful.  








