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ABSTRACT
Background: The absence of neurological symptoms and signs is traditionally 
considered mandatory for a diagnosis of type I Gaucher disease (GD I), but 
in recent years many reports have emerged on neurological manifestations 
in GD I patients. Despite this increasing number of publications, it has been 
unclear whether cognitive impairment is part of the disease as well. 

Methods: Cognitive function was assessed in a large cohort of GD I patients 
with the use of the Cognitive Drug Research (CDR) System, a validated 
computerized cognitive test system. Tests were done at baseline and every 6 
months thereafter during a two-year study period. 

Results: Our patient cohort (102 patients, mean age 42.5 years, median 
disease duration 15 years) was mildly impaired relative to healthy age-matched 
subjects on the composite scores: Power of Attention (Z-score (mean ± SD) 
-1.12 ± 1.52) and Speed of Memory (Z-score (mean ± SD) -1.44 ± 1.49). No 
decline in cognitive function was seen during the two-year period. Subgroup 
analyses revealed that age correlated with the composite scores Variability 
of Attention and Quality of Working Memory. Moreover, severely affected 
patients (Zimran severity score (SSI) ≥ 15) scored more poorly compared to 
mildly affected patients (SSI ≤ 5) on the composite measure Power of Attention. 

Conclusions: GD I patients exhibit mild deficits in Power of Attention and 
Speed of Memory, reflecting a decreased ability to focus attention and process 
information, together with a slowing in the speed of retrieval of items from 
memory. We propose that this is due to GD I itself.  
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BACKGROUND
Gaucher disease is one of the most common lysosomal storage diseases with an 
estimated prevalence of 1 in 40.000 to 50.000 live births1. The disease is caused by 
mutations in the glucocerebrosidase (GBA) gene resulting in a decreased activity of 
the enzyme and subsequent accumulation of glucocerebrosides in macrophages 
throughout the body. The absence of nervous system involvement is used as a 
criterion in the classic definition of type I Gaucher disease (GD I). However, we 
recently reported an increased prevalence and incidence of polyneuropathy in 
GD I patients compared with the general population2. Moreover, GD I and GBA 
mutations have been associated with Parkinson disease (PD) and Lewy body 
dementia (LBD)3, 4. Research focusing on central nervous system involvement 
suggested brain pathology in this patient group5, 6. With magnetic resonance 
spectroscopy increased choline levels were found in four out of nine studied 
GD I patients, although a recent study showed that these changes should be 
interpreted with caution using adequate age- and sex-matched controls7.

Following the observation of a case of dementia during a clinical trial with 
the substrate reduction therapy miglustat (ZavescaTM, Actelion Pharmaceuticals 
Ltd, Allschwil, Switzerland)8, the question arose whether the cognitive decline 
in this patient was miglustat-related, a coincidence or part of GD I. The latter 
could not be confirmed since cognitive function studies in GD I patients were 
scarce. As part of a post-marketing surveillance commitment to the European 
Medicines Agency (EMA) in relation to the registration of miglustat, we conducted 
a multi-centre study to investigate comorbidities in GD I, with a special focus on 
peripheral neuropathy; the main findings have been reported elsewhere2. The 
study was carried out under the auspices of the European Working Group on 
Gaucher Disease. The study design additionally allowed us to investigate the 
cognitive profile of GD I patients. To this end, we studied this large cohort of GD I 
patients with the use of the Cognitive Drug Research (CDR) System9. In this paper 
we present data on the cognitive profile of GD I patients and the changes over a 
two-year study period.

METHODS

Patients
Eligible adult patients diagnosed with GD I by glucocerebrosidase assay or 
molecular genetic analysis, attending routine clinical visits, and receiving either 
no treatment or enzyme replacement therapy (ERT) were enrolled between 3 May 
2005 and 28 December 2006. Those with a history of neurological manifestations 
associated with type III disease were excluded. Patients were also excluded if they 
were undergoing or had undergone treatment with miglustat or an investigational 
agent. All patients provided written, informed consent before participation. The 
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study protocol was approved by independent local ethics committees, and was 
conducted in accordance with the Declaration of Helsinki, 1964, and subsequent 
revisions.

Assessments
Disease severity was assessed by the Zimran severity score index (SSI)10. On study 
entry (baseline), and every six months thereafter, patients underwent cognitive 
function tests. They had two training sessions on the tests during the 14 days prior 
to baseline. The CDR System, a validated computerized cognitive test system9, 
was used and the following tests were administered: simple reaction time, digit 
vigilance, choice reaction time, spatial working memory, numeric working memory, 
delayed word recognition, delayed picture recognition and morse tapping (see 
Wesnes et al11 for full task descriptions). The tests were administered one-to-one 
by trained administrators who used standardized task instructions in the patient’s 
native language.

Analysis
Patients who attended at least one post baseline visit were included in the analyses. 
In addition to the analysis of individual task measures, five predefined, validated 
CDR composite scores were used: Power of Attention, Continuity of Attention, 
Quality of Episodic Memory, Quality of Working Memory, and Speed of Memory 
(Table 1)11. One additional validated composite score, Variability of Attention, 
was employed. Variability of Attention is the composite of the coefficients 
of variation for the reaction time measures from the tasks ‘simple and choice 
reaction time’ and ‘digit vigilance’, and reflects fluctuations in attention. Although 
this was not initially planned as part of the analysis, Variability of Attention has 
been demonstrated to be an aspect of cognitive function specifically impaired 
in patients with Lewy body dementia and PD dementia compared to patients 
with Alzheimer’s disease12, 13, and was thus considered of potential interest. To 
determine any cognitive deficits in the GD I population, age-matched scores were 
identified from the normative database of the CDR System in various age-bands 
(see Table 2). The normative database is comprised of data from over 5000 healthy 
individuals aged 18 to 87 years, who were free of any psychiatric or major medical 
condition at the time of testing14. Using the normative data, the patients’ data 
were Z-transformed and mean ± SD GD I population Z-scores were calculated 
by age-group. Z-scores were transformed so that higher scores always indicate 
better performance. Furthermore, confidence intervals (95% CIs) were calculated. 
In addition, repeated measures Analysis of Covariance (ANCOVA) was performed 
on the change from baseline data over the follow-up assessments (6, 12, 18 and 
24 months), with each patient’s baseline value used as a covariate in the analysis. 

Subgroup analyses were conducted to determine whether age, disease severity, 
a diagnosis of polyneuropathy or PD, treatment with ERT and/or genotype were 
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associated with cognitive performance. In previous work, various cut off values 
on the SSI have been used to separate mild disease from severe disease. Mild 
disease has been defined by a SSI of ≤ 5, and severe disease by a score of ≥ 1515, 
but a cut off value of 11 has also been used16. Consequently, subgroup analysis 
for both cut off values was undertaken. The following genotype subgroups were 
analyzed: patients who were homozygous for N370S, patients who had at least 
one N370S allele, patients who had at least one L444P mutation, and L444P 
homozygotes. Differences were tested with the Student’s t-test or Mann Whitney 
test, and Pearson’s correlation was used to assess correlations between variables. 
Multivariate analyses were performed using ANCOVA, fitting age as a covariate 
and disease severity and polyneuropathy as factors. Subsequently, ANCOVA 
was used correcting for baseline values to assess whether impairments changed 
differentially over time in the disease severity and polyneuropathy subgroups.  

Data were collected by Actelion Pharmaceuticals Ltd, sponsor of the study. 
Statistical analyses were performed by co-author KAW, practice leader of United 
BioSource Corporation. 

Table 1 CDR composite scores

Composite Score Measures Contributing
Aspects of Cognitive Function 
Involved

Power of 
Attention

Simple Reaction Time
Choice Reaction Time
Digit Vigilance Speed of Detections

Ability to focus attention and ignore 
distraction. A measure of early 
information processing.

Continuity of 
Attention

Choice Reaction Time Accuracy (%)
Digit Vigilance Task Detections (%)
Digit Vigilance Task – False Alarms

Ability to sustain attention 
(concentration, vigilance)

Quality of 
Working Memory

Numeric Working Memory & Spatial 
Working Memory Sensitivity Scores

Ability to successfully hold 
information temporarily in both 
articulatory working memory and 
spatial working memory. Short-term 
memory.

Quality of 
Episodic Memory

Percentage overall accuracy on word 
and picture recognition tasks

Ability to encode, store and 
subsequently successfully retrieve 
verbal and non-verbal information. 
Long-term memory.

Speed of Memory Sum of speeds of correct 
identifications in working memory 
and word and picture recognition 
tasks

A measure of the time taken to 
process verbal and non-verbal 
information and to successfully 
retrieve the information from both 
working memory and episodic 
memory
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RESULTS

Patients
From a total of 104 patients screened for inclusion, 102 patients attended at least 
one post baseline visit. One patient withdrew after screening due to an inability 
to commit to follow-up assessments, and one patient requested withdrawal after 
the first visit as she moved to another country. Of these 102 patients, 96 patients 
(94%) completed the two years study. Two patients were withdrawn due to starting 
treatment with miglustat, one patient was non-compliant, and a further three 
patients requested withdrawal from study. Patient characteristics are summarized 
in Table 2. The patients had a median SSI of 8 (range 2-22). At baseline, 11 
patients (10.7%; 95% CI: 5.9;18.3%) were diagnosed with sensory motor axonal 
polyneuropathy. The two-year follow-up period revealed another six cases of 
polyneuropathy (2.9 per 100 person-years; 95% CI: 1.2;6.3)2. Polyneuropathy 
patients were older than patients without polyneuropathy (59 vs 39 years, 
P<0.001). The median SSI did not differ between patients with polyneuropathy 
and patients without polyneuropathy (8 vs 7, P = 0.217). There was no correlation 
between age and the SSI (rp = 0.069, P = 0.4952), nor did age differ between 
the disease severity groups. None of the patients had been diagnosed with PD 
before entering the study; two patients have developed PD during the two-year 
study period. Eleven patients were regular sedative drug users.

Cognitive function tests
Taking all baseline results, patients with GD I were mildly impaired relative to 
age-matched subjects on the composite scores Power of Attention and Speed of 
Memory; most age-groups for the GD I population showed mean Z-scores of at 
least -1 (Fig. 1). For the whole population, Power of Attention showed a mean ± 
SD Z-score of -1.12 ± 1.52 and Speed of Memory showed a mean ± SD Z-score 
of -1.44 ± 1.49. The results were normally distributed which implies that the mean 
Z-scores were not due to a few outliers but rather reflecting mild deficits in the 
whole cohort. For Power of Attention 48 patients had deficits of 1 SD or greater 
and 24 had deficits of 1.96 or greater. For Speed of Memory 58 patients had 
deficits of 1 SD or greater and 32 had deficits of 1.96 or greater. 

Since the GD I patients showed decreased speed measures but scored the 
same or even slightly better in the accuracy scores compared to the normative 
population, an additional ANCOVA analysis was conducted on the speed 
measures, fitting the accuracy scores as covariates. This analysis showed that 
the deficits in Power of Attention and Speed of Memory were independent from 
the accuracy scores, indicating that the slowed speed scores reflected cognitive 
deficits and not differences in response strategy.
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Table 2 Patient characteristics

All patients 
(n = 102)

Demographics

Gender, male/female, n (%) 49 (48) / 53 (52)

Age in years, mean (SD) 42.5 (14.6)

Age-bands, years 

18-32, n 25

33-41, n 26

42-52, n 25

53-75, n 26

Hospitalised during the last year, n (%)* 20 (19.6)

GD I characteristics

Genotype, n (%)

N370S/N370S 14 (13.7%)

N370S/L444P 21 (20.6%)

N370S/84GG 2 (2.0%)

N370S/IVS2+1 1 (1.0%)

N370S/other 42 (41.2%)

N370S/unknown 14 (13.7%)

L444P/L444P 1 (1.0%)

L444P/other 1 (1.0%)

Other/other or other/unknown 5 (4.9%)

Unknown mutations 1 (1.0%)

Time from diagnosis in years, median (range) 15 (0-56)

Splenectomised, n (%) 34 (33.3)

Plasma chitotriosidase‡ in nmol/ml/hr, median (range) 5,340 (100-49,860)

ERT

Receiving ERT, n (%) 88 (86.3)

Duration in years, median (range) 2.1 (0.0-13.6)

Dosage in IU/kg/month, median (range) 54.0 (11.1-156.3)

*Prior to enrolment in the study; ‡data available from 98 patients (normal range, 4-120 nmol/ml/
hr); ERT=enzyme replacement therapy.

Post baseline measurements
Power of Attention showed a significant decline in performance of around -0.3 
at each of the post baseline visits (P<0.01), but no main effect of time-point was 
seen (F(3,277) = 0.08, P = 0.971), indicating that patients declined from baseline, 
but that there was no progressive decline thereafter. For Continuity of Attention, 
the data showed stable performance over time. Improvements in performance on 
Quality of Episodic Memory from baseline to each of the subsequent assessments 
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Figure 1 Z-scores at baseline by age quartiles, means with 95% confidence intervals 
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Figure 1 Z-scores at baseline by age quartiles, means with 95% confidence intervals

were found (P<0.001), but there was no significant main effect of time point 
(F(3,278) = 0.18, P = 0.907). Likewise, performance on the Speed of Memory 
tasks was better at each of the post baseline time-points (P<0.001), but no main 
effect of time-point was found (F(3,278) = 1.54, P = 0.205). The data of Quality of 
Working Memory and Variability of Attention showed fluctuations in performance 
over the duration of the study. 

Relation between cognitive function and age, disease severity, 
comorbidities, ERT and genotype
Pearson’s correlation showed correlations between age and Variability of 
Attention (rp = -0.359, P<0.001) and between age and Quality of Working Memory 
(rp = -0.262, P<0.01): older patients scored worse on these scores than younger 
patients did. Besides, the SSI correlated with Power of Attention (rp = -0.312, 
P<0.01) and with Quality of Episodic Memory (rp = -0.212, P<0.05). 

To evaluate the relationship of disease severity (using both criteria as discussed 
above) and polyneuropathy to the baseline scores of the patients, factorial 
ANCOVAs were performed, fitting the presence of polyneuropathy and the 
disease severity as factors, and age as a covariate. No effects of polyneuropathy 
were identified for Power of Attention, but severely affected patients (SSI ≥ 15) 
scored worse compared to mildly affected patients (SSI ≤ 5) on this composite 
measure (-2.15 vs -0.4, 95% CI: -0.24;-3.25, P<0.025). No differences were found if 
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a cut-off value of 11 was used. There was no interaction between polyneuropathy 
and disease severity. No differences were found for the other measures. The 
cognitive profile did not change differentially over time in the disease severity 
and polyneuropathy subgroups.

One of the two patients with PD had an abnormal performance on Quality of 
Working Memory at baseline where normal results were found during the follow-up 
period. In contrast, Power of Attention was normal at baseline but Z-scores were 
below -1.96 at each of the follow-up visits. The other PD patient was impaired on 
the composite scores Power of Attention and Speed of Memory. 

Cognitive function did not differ between ERT treated and untreated patients. 
Analyses by genotype revealed that patients carrying at least one N370S mutation 
(n = 94) scored better than those without such a mutation (n = 7) on the composite 
scores: Power of Attention (-1.06 vs -2.06, P<0.05), Quality of Episodic Memory 
(0.31 vs -0.36, P<0.05) and Speed of Memory (-1.35 vs -2.81, P<0.01). Cognitive 
performance of N370S homozygotes did not differ from the results in patients 
with other genotypes. The same goes for patients carrying at least one L444P 
mutation. Only one L444P homozygote was included in the study. This 19-year-
old male without any abnormalities on neurological and neuro-ophthalmological 
examination, showed the following results: Power of Attention -3.20, Continuity 
of Attention 0.41, Quality of Episodic Memory -1.52, Quality of Working Memory 
1.33, Speed of Memory -5.80, and Variability of Attention -0.43. 

DISCUSSION
This study on cognitive function in GD I patients revealed mild impairments 
for Power of Attention and Speed of Memory in this patient group, reflecting 
a poorer ability to focus attention and a slowed retrieval of information held in 
memory in comparison to age-matched healthy controls. It is important to note, 
however, that GD I patients usually do not report difficulties in conducting daily 
activities or cognitive problems (personal communications). This suggests that 
the deficits in our patients were subtle and of doubtful clinical relevance. A 
previous study on cognitive performance in GD I did not demonstrate cognitive 
function deficits, which could have been due to the smaller number of patients 
included8. However, imaging and neuropathological studies of GD I brains did 
show abnormalities5, 6. These observations support the hypothesis that mild brain 
involvement may occur in some GD I patients. Neuropathology in GD I and GD 
III patients demonstrated a unique pathology involving the hippocampal CA2-4 
regions5. This finding corresponds with the neuropathological abnormalities seen 
in Lewy body dementia (LBD) which is one of the few disorders that selectively 
target the hippocampal CA2-3 regions. Variability of Attention is a measure of 
fluctuating attention seen in Lewy body dementia12, 13. We found an association 
between age and Variability of Attention in GD I patients. Therefore, it seems 
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that LBD and GD I patients have some neuropathological and cognitive features 
in common, albeit that the overall cognitive profile of GD I patients is much less 
severe and without clinical consequence in comparison with the profile of Lewy 
body dementia patients. 

Power of Attention and Speed of Memory are notably impaired in LBD17. In 
the related condition, PD dementia, deficits to attention assessed with the CDR 
System have been shown to be the strongest predictor of difficulties in conducting 
the activities of daily living18. While the impairments in Power of Attention and 
Speed of Memory in our patients are smaller than those seen in dementia they 
are comparable to those seen in Mild Cognitive Impairment (unpublished data). 
These similarities between GD I, LBD and PD are of particular interest since 
these three diseases have been associated with each other19. GD I patients as 
well as carriers of GBA mutations have displayed an increased risk to develop 
parkinsonism. Furthermore, the frequency of GBA mutations in cohorts of 
patients with parkinsonism (PD as well as other Lewy body disorders) is increased 
around fivefold as compared to age-matched controls19. The pathophysiological 
relationship between GBA and parkinsonism has not yet been completely 
elucidated. It has been suggested that a (relatively) diminished enzymatic activity 
leads to an increase of glucocerebrosides in specific brain regions which then 
results in neuronal dysfunction. Alternatively, glucocerebrosidase deficiency 
might affect lysosomal function, leading to aberrant fibrillization of α-synuclein 
and aggregation of this protein, a process that is necessary for the formation of 
Lewy bodies20.

In summary, we found mild impairments for Power of Attention and Speed 
of Memory and a correlation with age and disease severity, suggesting that 
the central nervous system may become affected in some GD I patients 
during life. The pathophysiology of this brain involvement remains unknown. 
Immunohistochemical studies have demonstrated that glucocerebrosidase 
expression is high in the affected CA2-CA4 regions5. The expression of high 
levels of this enzyme may be necessary to maintain low glucocerebroside levels in 
these regions where higher glucocerebroside levels have been shown to induce 
an elevated intracellular calcium release which might lead to damage to these 
hypothalamic sub regions21.

With respect to study limitations, our findings are based on a short computerized 
system, and not on a traditional psychologist-administered neuropsychological 
test battery. However, the CDR system has been proven to be a valid measure of 
cognitive function9. Moreover, advantages of the CDR system are the objective 
character and the possibility to be administered in multiple languages. The age-
matched normative sample is large, making comparisons between diseased and 
healthy people valuable. In contrast to these healthy controls, however, GD I 
patients underwent the cognitive assessment among other investigations which 
might have led to an underestimation of their cognitive capacities due to fatigue. 



4

THE COGNITIVE PROFILE OF GD I PATIENTS 85

However, the above average performance on the composite scores Continuity of 
Attention, Quality of Working Memory and Quality of Episodic Memory makes 
it unlikely that fatigue played a major role in the findings of the present study. 
Besides, our patients were compared to healthy controls. We do not know to 
what extent the impaired speed measures found in the present study are due 
to suffering from a chronic disease in general rather than GD I itself. However, 
patients with for instance rheumatoid arthritis showed a normal cognitive profile, 
making it unlikely that having a chronic disease is the main cause of our findings22. 
The regular use of sedatives by some of the study patients has probably not 
influenced the results, since the exclusion of these patients from the analyses 
yielded similar results. The absence of a main effect of time-point in this study is 
due to the relatively short follow-up time. The decline in Power of Attention from 
baseline without progressive decline thereafter may have been due to random 
effects, as declines over several months are not seen on this measure in healthy 
controls11. The pattern of improvement of Quality of Episodic Memory and Speed 
of Memory may have reflected a training effect with repeated assessments, 
though such effects have not been seen in other studies with healthy controls11.

Despite these shortcomings, we feel confident that findings from this GD I 
cohort can be extended to the GD I population as a whole. Patient medical histories, 
concomitant treatments and systemic GD manifestations were comparable with 
published large-scale registry data23. Selection bias was avoided by including all 
patients with confirmed GD I attending routine clinic visits, regardless of disease 
severity, concomitant medical conditions and most medical treatments. 

CONCLUSIONS
GD I patients may develop mildly impaired cognitive speed measures as part 
of the natural course of the disease, but without clear impact on daily life of the 
patients. These findings are therefore more of scientific than of clinical interest. 
Possibly, the involvement of specific hippocampal regions plays a role in our 
findings. Future studies using neuroimaging techniques such as MRI-DTI could 
contribute to the understanding of our observations in GD I patients.
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