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ABSTRACT 
This exploratory study aimed to evaluate the cognitive and executive 
functioning of sixteen pediatric and fifteen young adult (ages 5 
through 30) patients with Gaucher disease, Type 1. The neurocognitive 
functioning of children with Gaucher disease, Type 1 was based on 
self- and parent-proxy reports while neurocognitive functioning in 
young adults was based on self-report only. Results showed that 
pediatric participants with Gaucher disease, Type 1 on self-report 
demonstrated a trend toward weaker cognitive functioning than 
healthy children. Parent proxy-reports did not show significantly 
different cognitive functioning of children with Gaucher disease, Type 
1 compared to healthy peers. Young adults with Gaucher disease, 
Type 1 self-reported no significant differences in cognitive functioning 
from healthy young adults. No group differences in executive 
functioning were observed for child or young adult samples. Parent-
reported disease severity was not associated with cognitive outcomes 
among the pediatric or young adult samples. Results suggest possible 
mild cognitive weaknesses among children with Gaucher disease, Type 
1 while cognition in young adults appears relatively well preserved. 
This is the first independent examination of cognitive functioning 
among children and young adults with GD1. Additional studies in 
younger patients with Gaucher disease, Type 1 are needed to identify 
possible cognitive dysfunction and elucidate underlying mechanisms. 
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Introduction 
 Gaucher disease (GD), one of the most 
common lysosomal storage disorders, is caused by 
recessive mutations in the glucocerebrosidase gene 
(GBA). Mutations lead to reduced activity of the 
enzyme beta-glucocerebrosidase (GCase) and the 
progressive accumulation of the substrate 
glucocerebroside in cells and tissue macrophages 
throughout the body.1 GD is classified into two 
broad groups: neuronopathic GD (GD types 2 and 
3) and non-neuronopathic GD (GD type 1). Type 1 
GD (GD1) is the most common presentation in 
individuals of European and Ashkenazi Jewish 
heritage, accounting for roughly 94% of cases in 
the Gaucher Registry.2 Clinical manifestations of 
GD1 include hepatomegaly, splenomegaly, anemia 
and thrombocytopenia.3 Skeletal disease 
(osteopenia, lytic or sclerotic lesions, and 
osteonecrosis) and growth retardation with delayed 
puberty are common. 3 GDI is heterogenous in terms 
of presenting clinical features. GD1 with childhood 
onset is associated with more severe disease and 
faster progression of symptoms.4 
 GD1 had historically been associated with 
the absence of nervous system involvement. 
However, recent studies have recognized a subset 
of patients with GD1 who develop neurological 
manifestations. In this context, and given phenotypic 
heterogeneity in Types 1 and 3 Gaucher disease, it 
is reasonable to consider that there is a spectrum or 
continuum of neurologic manifestations between 
these disorders.5,6 Several studies have described 
peripheral as well as central nervous system 
symptoms in patients diagnosed with GD1.5, 7-9 In 
addition, individuals with GD1 and carriers of GBA 
mutations show an increased risk for Parkinson’s 
disease (PD) and related neurodegenerative 
disorders such as Lewy body disease.10 Additional 
work has suggested abnormal microstructural11,12 as 
well as functional13 brain magnetic resonance 
imaging (MRI) findings in children classified as 
having GD1. A magnetic resonance spectroscopy 
study14 reported neurochemical abnormalities in 
individuals with GD1 under stable GD therapy. 
Further research is needed to replicate these 
observations, and to distinguish primary 
manifestations from those due to concurrent medical 
problems.15 Nonetheless, given the presence of 
neurological and possible brain changes among 
individuals diagnosed with GD1, there are 
reasonable grounds for the study and 
characterization of cognitive function in GD1.   
 Previous studies of neurocognition in GD1 
have involved adult patients. One study 
demonstrated mild deficits in visuospatial 
functioning in a sample of patients diagnosed with 

GD1, but not in memory, attention, executive 
functioning or language skills.16 Biegstraaten and 
colleagues examined neurocognitive functioning 
within an adult sample (n= 84; ages 18-75) and 
found deficits in domains of attention and speed of 
memory retrieval among adults with GD1 relative 
to age-matched healthy controls.17 This latter study 
also showed an association between symptom 
severity and cognitive performance on a 
neuropsychological battery, suggesting that 
individuals with more severe GD1 symptoms show 
poorer concentration skills compared to patients 
with a milder symptom presentation.17 Moreover, a 
series of studies examining neurological functioning 
(ages 33 - 64) among adults with GD1 found more 
prominent cognitive impairment among adults with 
GD1 with concomitant parkinsonism18 and a higher 
rate of cognitive decline and dementia than in 
sporadic PD.19 
 While there is at least one study of 
neuropsychological functioning in children and 
young adults with GD,20 that investigation is of 
patients with GD type 3 (GD3). There have been 
few investigations on the cognitive or 
neuropsychological functions of younger patients 
with GD1. A neurophysiological study of fifty-six 
children and adolescents with GD discovered 
electrophysiological abnormalities in the 
brainstems, as well as impairment on tests of 
intellectual functioning (IQ), of patients who were 
considered to have types 1 and 3.21 Notably 
however, this study did not report results by 
genotype, making it difficult to determine whether 
patients with GD1 showed evoked potential or IQ 
abnormalities, or whether these findings were found 
only in those with a Type 3 genotype. As such, the 
neurocognitive functioning among pediatric 
populations with GD1 has yet to be adequately 
described. Importantly, no prior study has 
evaluated the cognitive functioning within the young 
adult GD1 population.  
 The objective of this exploratory study was 
to describe the neurocognitive aspects of GD1 
among pediatric and young adult patients. We 
present data from a sample of GD1 patients ages 
5-30 who were evaluated for the presence of 
general cognitive and executive dysfunction. To our 
knowledge, this is the first study of neurocognitive 
functioning in youth with GD1 using 
psychometrically valid assessment measures of 
cognitive function.  
 
Materials and Methods 
Participants and Procedures 
Information describing the study purpose and 
invitations to participate were posted on internet 
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forums and message boards comprised of 
individuals with GD and their family members. 
Forums and message boards included the National 
Gaucher Foundation website, the Yahoo! Gaucher 
Disease group, and the Gaucher Community 
Alliance Facebook group. Recruitment flyers were 
also distributed to physicians and genetic counselors 
at medical centers who treat patients with GD. 
Eligible participants included pediatric (5-17 years) 
and young adult (18-30 years) individuals with a 
self- and/or parent- reported diagnosis of GD1 
who were fluent in English. One consenting parent 
completed parent measures. Based on information 

from parents, we were able to document that 81% 
of the pediatric participants had at least one 
N370S allele (See Table 1). Approximately forty 
percent of the young adult participants self- 
reported having at least one N370S allele on 
genotype analysis (See Table 2). Parental informed 
consent and child assent forms were obtained and 
age-appropriate measures were provided in 
person or by mail. Participants were recruited 
between 2014 and 2018. The study was approved 
by the Institutional Review Board (IRB) at Palo Alto 
University. 

 
Table 1. Background Characteristics of Pediatric Participants with Gaucher Disease, Type 1 and their 
Families 

 Frequency  Percentagea 

Gender (n = 16)   
   Male 8 50.0 
   Female 8 50.0 
Age (n = 16)   
    5 – 8 years 4 25.0 
    9 – 11 years 6 37.5 
   12 – 14 years  5 31.25 
   15 – 17 years 1 6.25 
Genotype (n = 13)   
   N370S/N370S 2 15.38 
   N370S/L44P 6 46.15 
   N370S/AD4GG 2 15.38 
   N370S/c.599T>A 1 7.69 
   N370S/Rec L44P+84GG+IVS2 2 15.38 
Race/Ethnicity of parents (n = 32)   
   Caucasian 18 56.25 
   Ashkenazi 9 28.13 
   Latino (Latin American, Hispanic) 4 12.50 
   Asian 1 3.13 
Education of parents (n = 32)   
   Some High School 2 6.25 
   High school diploma (or equivalent, e.g., GED) 2 6.25 
   Some college 3 9.38 
   Associate's degree 6 18.75 
   Bachelor's degree 6 18.75 
   Master’s degree 12 37.5 

   Doctoral degree 1 3.13 
Family history (n = 16)   

   Parent with GD 0 0.0 
   Sibling with GD 10 62.5 
   Family history of Parkinson’s disease 6 37.5 
Current or past symptoms endorsed by parents of children with GD1 
(parents selected as many as applied; n = 16) 

  

  Enlarged spleen 13 81.25 
  Enlarged liver 11 68.75 
  Low platelet count 11 68.75 
  Fatigue 9 56.25 
  Nose bleeds 8 50.0 
  Bone pain 7 43.75 
  Growth retardation 5 31.25 
  Osteoporosis/bone fractures 4 25.0 

  Bruising 3 18.75 

https://esmed.org/MRA/index.php/mra/article/view/3028
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  Respiratory problems 2 12.5 

  Joint pain/arthritis 2 12.5 

  Headaches 2 12.5 

  Gastrointestinal 2 12.5 

  Delayed puberty 1 6.25 

GD1 Treatment (n = 16)   
   Imiglucerase 11 68.75 
   Velaglucerase alpha 5 31.25 
Severity of current GD1 Symptoms (n = 16)   
   None 2 12.5 
   Little/Some 6 37.5 
   Moderate 6 37.5 
   Considerable 1 6.25 
   Extreme 1 6.25 
Age in years when child started treatment (n = 16)   
   0 – 4 years 6 37.5 

   5 – 8 years  5 31.25 
   9 – 12 years 5 31.25 
Time away from school during the current school year because of GD1 
complications (n = 16) 

  
 

   None 5 31.25 
   1 Week or Less 5 31.25 
   1 – 2 Weeks 0 0.0 
   More than 2 Weeks, Less than 1 Month 1 6.25 
   1 – 2 Months 4 25.0 
   2 – 3 Months 1 6.25 
GD1 interferes with extracurricular activities, such as sports (n = 16)   
   None  2 12.5 
   Little 7 43.75 
   Moderate 7 43.75 
   Considerable 0 0.0 
   Extreme 0 0.0 

Note. aPercentage refers to available n.  
 
Table 2. Background Characteristics of Young Adult Participants with Gaucher Disease, Type 1 and their 
Families 

 Frequency  Percentagea 

Gender (n = 15)   
   Male 1 6.66 
   Female 14 93.33 
Age (n = 15)   
   18 – 21 years 2 13.33 
   22 – 25 years 8 53.33 
   26 – 30 years 5 38.46 
Genotype (n = 6)   
   N370S/N370S 3 42.86 

   N370S/L44P 2 33.33 
   N370S/84GG 1 16.66 
Race/Ethnicity of parents (n = 16)   
   Caucasian 6 37.50 
   Ashkenazi 6 37.50 
   Latino (Latin American, Hispanic) 2 12.50 
   Asian 2 12.50 
Education of parents (n = 16)   
   Some High School 0 0.00 
   High school diploma (or equivalent, e.g., GED) 0 0.00 
   Some college 1 6.25 
   Associate's degree 0 0.00 
   Bachelor's degree 4 25.00 
   Master’s degree 9 56.25 
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   Doctoral degree 2 12.50 
Family history (n = 8)   
   Parent with GD 2 25.00 
   Sibling with GD 4 50.00 
   Family history of Parkinson’s disease 2 25.00 
Current or past symptoms endorsed by parents of young adults with 
GD1 (parents selected as many as applied; n = 8) 

  

  Spleen Enlargement 7 87.50 
  Fatigue 7 87.50 
  Liver Enlargement 6 75.00 
  Low platelet count 6 75.00 
  Bone pain 6 75.00 
  Nose bleeds 5 62.50 
  Bruising 4 50.00 
  Gastrointestinal 3 37.50 
  Muscular complications 2 25.00 
  Joint pain/arthritis 2 25.00 

  Osteoporosis/bone fractures 2 25.00 
  Growth retardation 1 12.50 
  Delayed puberty 1 12.50 
  Respiratory problems 1 12.50 
  Headaches 0 0.00 
GD1 Treatment (n = 15)c   
   Imiglucerase  6 40.00 
   Velaglucerase alpha  1 6.66 
   Eliglustat (Cerdelga) 8 53.33 
Severity of current GD1 Symptoms as endorsed by parents of young 
adults with GD1 (n = 8)  

  

   None 3 37.50 
   Little/Some 2 25.00 
   Moderate 1 12.50 
   Considerable 2 25.00 

   Extreme 0 0.00 
Age in years when started treatment (n = 13)    
   0 – 4 years 5 38.46 
   5 – 8 years  3 23.08 
   9 – 12 years 2 15.38 
  13 – 17 years 1 7.69 
  18 – 30 years 2 15.38 

Note. aPercentage refers to available n 
 
Assessment Measures 
 Peds QL Cognitive Functioning Scale. The 
Peds QL TM Cognitive Functioning Scale (PedsQL 
CFS) is a 6-item self-and parent-proxy assessment 
of memory and attention/concentration.22 The 
instrument has been used with children and young 
adults with chronic illnesses and has excellent 
validity and reliability for self-report and parent-
proxy forms.22-24 Scores on the PedsQL CFS 
correlate strongly with performance on the 
Behavior Rating Inventory of Executive Functioning 
(BRIEF)24,25 and are associated with head computed 
tomography (CT) findings among children with 
intracranial injury.26 Higher PedsQL CFS scores 
reflect better cognitive functioning.  
 
 Behavior Rating Inventory of Executive 

Functioning. The BRIEF measures executive 
functioning in the home and school environments via 
parent and self-report.27,28 The BRIEF is comprised 
of 75-86 items in which participants and parents 
answered on the basis of whether each behavior is 
“never a problem,” “sometimes a problem,” or 
“often a problem” within the past six months. 
Psychometric properties show good internal 

consistency (α = .80-.98) and test-retest reliability 

(r = .76-.94).27,28 BRIEF composite scales include the 
Behavioral Regulation Index (BRI), Metacognition 
index (MI), and Global Executive Composite (GEC). 
Parents of pediatric participants completed BRIEF 
and young adult participants with GD1 completed 
the Behavior Rating Inventory of Executive 
Functioning for Adults (BRIEF-A). Higher BRIEF scores 
reflect poorer executive functioning skills. 
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  Background Questionnaire. Parents of 
pediatric and young adult participants with GD1 
completed a background questionnaire which 
contained information about demographics, 
educational, psychological, and family history. The 
form also gathered information about the 
participants’ GD symptoms, age of diagnosis, and 
treatment history.  
 
Analyses 
 Group differences in neurocognitive 
functioning were analyzed using Wilcoxon signed-
rank tests.29 Cognitive functioning scores on the 
PedsQL CFS were based on child self-report and 
parent-proxy report for pediatric participants and 
on self-report for young adult participants. PedsQL 
CFS scores of children with GD1 were compared to 
the scores of age-matched healthy children.24 
PedsQL CFS scores of young adults with GD1 were 
compared to those of healthy peers.23 Executive 
functioning scores on the BRIEF and the BRIEF-A 
were based on parent-proxy report for pediatric 
participants and on self-report for young adult 
participants. Composite scores on the BRIEF and the 
BRIEF-A were compared with normative sample 
means derived from the instrument manuals.27,28 The 
alpha level was set at .05.  
 In secondary analyses, we explored the 
relationship between symptom severity and 
neurocognitive functioning in children and young 
adults with GD1. Parents of children and young 
adult participants ranked their child’s current GD1 
symptoms ranging from 1 (None) to 5 (Extreme) 
using a 5-point Likert scale. Severity scores were 
then correlated with parent and participant 
responses on the PedsQL CFS and with composite 
scores on the BRIEF and BRIEF-A using Spearman’s 
Rho correlations. 
 

Results 
Tables 1 and 2 contain the demographic 

and clinical characteristics of the participants. A 
total of 31 patients with GD1 participated and 
completed study measures. The pediatric sample 
was comprised of 16 children with GD1 between 
the ages of five and 17 (M age = 10.25, SD=3.36), 
while the young adult sample included 15 young 
adults between the ages of 18 and 30 (M age = 
24.20, SD=3.03). Fourteen total study participants 
were siblings. Twenty-four parents completed 
parent-proxy measures. Participants resided in the 
United States (n= 28), Israel (n = 1), Tunisia (n = 1), 
and Turkey (n = 1). Seventy-four percent of the 
sample was undergoing ERT and 26% (all in the 
young adult sample) were taking eliglustat 
(Cerdelga®) at the time of the study. All 
participants were receiving GD1 treatment at the 
time of the study and denied prior interruption or 
discontinuation of treatment. Results of the 
background questionnaire indicated that 
approximately 44% of pediatric participants and 
13% of young adult participants with GD1 had a 
family history of PD.  

 
Cognitive Functioning: Peds QL Cognitive 
Functioning Scale  
 Children with GD1. On self-report, 
children with GD1 demonstrated a trend toward 
poorer cognitive functioning relative to healthy age 
peers (p = 0.058). From the parents’ perspective, 
there were no differences in cognitive functioning on 
the PedsQL CFS between children with GD1 
relative to healthy peers (p = 0.10; Table 3).  
 
 Young Adults with GD1. On self-reported 
PedsQL CFS scores, young adults with GD1 did not 
demonstrate significantly different cognitive 
functioning scores than healthy age peers (p = 1.0) 
; Table 4). 

 
Table 3. Comparison Between Healthy and Gaucher Disease Samples on the PedsQL Cognitive Functioning 
Scale Child Self-Report and Parent Report 

 Healthy Sample* 

__________________ 

Gaucher Disease Sample 

__________________________________________ 

 

 

PedsQL CFS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GD v. Healthy   

n M SD  n   M Median SD IQR   d p 

Child Self-Report 177 82.08 16.97  16 73.17 68.75 16.46 29.17   .80 .06 

Parent Report   113  90.05  14.66   16 80.99 83.33 18.82 28.31   .40 .10 
*PedsQL 4.0 CFS healthy sample comparisons.24  
p = p-value for Wilcoxon-signed rank test. 
d = effect size for Wilcoxon-signed rank test. 
Note. PedsQL scores range from 0 – 100, with higher scores indicating better functioning. 
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Table 4. Comparison Between Healthy and Gaucher Disease Samples on the PedsQL Cognitive Functioning 
Scale Young Adult Self-Report  

 Healthy Sample* 
__________________ 

Gaucher Disease Sample 
______________________________________________ 

 
 
PedsQL CFS 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

GD v. Healthy   

n M   SD  n    M Median SD IQR d p 

Young Adult Self- Report   391 70.88 18.15  15 69.64 77.08 25.76 43.74 .28 1.0 

*PedsQL 4.0 CFS healthy disease sample comparisons.23  
p = p-value for Wilcoxon-signed rank test. 
d = effect size for Wilcoxon-signed rank test. 
Note. PedsQL scores range from 0 – 100, with higher scores indicating better cognitive functioning. 
 
Executive Function: BRIEF 
 On the BRIEF, parents of children with GD1 
did not demonstrate significant differences in their 
child’s executive functioning relative to the 
normative sample on any of the BRIEF Composite 
Scales (all p’s > 0.05; Table 5). Young adults also 

showed no significant differences on the BRIEF-A 
composite scales relative to normative standards, 
including BRI (p= 0.89), the MI (p = 0.93), or the 
GEC (p = 0.92; Table 6), indicating no reported 
problems with executive functioning. 

 
Table 5. Comparison Between Normative and Gaucher Disease Sample for the BRIEF Parent Report 

     GD v Normative   
_____________ 

BRIEF Scales M Median SD IQR    d p 

Behavioral Regulation Index (BRI) 50.00 49.00 5.79 7.00 .12 .77 

Metacognition Index (MI) 47.33 47.00 8.73 10.00 .32 .20 

Global Executive Composite (GEC)   48.20  49.00 8.44 9.00 .11 .31 

p = p-value for Wilcoxon-signed rank test. 
d = effect size for Wilcoxon-signed rank tests 
Note. Normative mean = 50, SD = 10. Higher BRIEF scores reflect poorer executive functioning skills. 
 
Table 6. Comparison Between Normative and Gaucher Disease Sample for the BRIEF Young Adult Report 

     GD v Normative   
_____________ 

BRIEF Scales M Median SD IQR    d p 

Behavioral Regulation Index (BRI) 50.31 48.00 13.26 23.00 .17 .89 

Metacognition Index (MI) 49.77 50.00 11.33 19.00 .00 .93 

Global Executive Composite (GEC)  51.69  47.00 15.43 16.00 .27 .92 

 p = p-value for Wilcoxon-signed rank test. 
d = effect size for Wilcoxon-signed rank tests 
Note. Normative mean = 50, SD = 10. Higher BRIEF scores reflect poorer executive functioning skills. 
 
Relationship between disease severity and 
Neurocognitive Functioning 
 For children with GD1, parent-reported 
disease severity was not significantly associated 
with child-reported cognitive functioning (rx = 0.09, 
p = 0.76) or parent-reported cognitive functioning 
(rx = 0.07, p = 0.81) on the PedsQL. Likewise, 
parent-reported disease severity was not 
associated with parent-reported executive 
functioning on the BRIEF BRI (rx = -0.23, p = 0.42), 

MI (rx = -0.39, p = 0.16), or GEC (rx = -0.39, p = 
0.17) composite scales. 
 Among young adult participants, parent-
reported symptom severity was not significantly 
associated with young-adult reported cognitive 
functioning (rx = -0.55, p = 0.16) or young-adult 
reported executive functioning on the BRIEF-A BRI 
(rx = 0.32, p = 0.44), MI (rx = 0.22, p = 0.60), or 
GEC (rx = 0.32, p = 0.44) composite scales. 
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Discussion 
 This is the first independent investigation of 
the cognitive and executive functioning of youth with 
GD1. The neurocognitive functioning of children with 
GD1 was based on self- and parent-proxy reports 
while neurocognitive functioning in young adults was 
based on self-report only. The objective of this 
exploratory study was to examine the reported 
neurocognitive functioning of school-age children 
and young adults with GD1. Our results 
demonstrate possible cognitive difficulties among 
pediatric participants (ages 5 – 17) according to 
child report. Parent reports did not show statistically 
significant differences in cognitive or executive 
functioning among children with GD1 relative to 
healthy peers. Among young adults with GD1 (age 
18 – 30), there were no significant differences in 
cognitive or executive functioning relative to age 
peers.  
 
Cognitive Functioning 
 Children with GD1 demonstrated a trend 
toward poorer cognitive functioning relative to 
healthy peers. Parent-reported cognitive 
functioning showed no difference in cognitive 
functioning for children with GD1 than that of 
healthy peers. The cognitive scores of children with 
GD1 were lower than the parent reports of 
cognition among their children with GD1. 
Discrepancies between self and parent-proxy 
report have been described in prior studies, 
particularly for internal symptoms like cognition that 
are less visible compared to external domains such 
as physical functioning.30 It is possible that children 
with GD1 experience cognitive difficulties in their 
daily lives that are of greater severity than is 
apparent to their parents.  
 For young adults, participants rated 
themselves as having comparable cognitive 
functioning to the healthy population. This finding 
suggests that young adults with GD1 function well 
from a cognitive perspective and perform similarly 
to healthy peers their same age.  
 Findings from other empirical studies of 
cognitive performance in adults with GD1 have 
generally demonstrated relatively subtle 
deficits.16,17 For example, Elstein and colleagues 
demonstrated slight visuospatial disturbances in an 
adult GD1 sample.16 Likewise, the mild deficits in 
attention and speed of recall reported by 
Biegstraaten and colleagues were felt by the study 
authors to be of minimal clinical significance.17 
Similar to findings in adult samples, the present 
findings provide support for the presence of 
relatively mild cognitive deficits in younger patients 
with GD1 overall, with greater deficits in pediatric 

patients. These findings suggest the need for 
parents and clinicians to consider evaluation of the 
cognitive functioning of children with GD1.  
 
Executive Functioning 
 According to parent report on the BRIEF, 
pediatric participants with GD1 do not exhibit 
significant executive functioning problems relative 
to normative standards. Absence of significant 
executive functioning deficits were also observed 
for young adult participants on the BRIEF-A. 
Although children with GD1 may experience 
difficulties in general cognitive functioning, the GD1 
sample appears to function very well in the area of 
executive functioning. Findings suggest that younger 
patients with GD1 exhibit minimal difficulties with 
executive functioning such that they can recruit 
higher-order cognitive skills that enable them to 
perform well in academic and other settings.   
 
Relationship to Disease Severity 
 In the pediatric sample, parent-reported 
symptom severity was not correlated with cognitive 
functioning based on child self-reports and parent-
proxy reports on the PedsQL CFS. Parent-reported 
disease severity was also not correlated with 
parent-reported executive functioning on the BRIEF. 
Similarly, in our young adult sample, parent-
reported disease severity was not correlated with 
self-reported cognitive functioning or executive 
functioning of young adults. These findings suggest 
that in our limited sample of young people with 
GD1, the presence of reported cognitive symptoms 
may be unrelated to clinical status or severity of 
GD1 disease.   

The cognitive functioning difficulties 
observed in the pediatric sample of children with 
GD1 are relatively subtle overall. It is important to 
note, however, that the functional impact of small 
deficits in neurocognition can be substantial. For 
example, children with chronic illness who present 
with cognitive dysfunction have poorer 
performance at school31 and reduced competence 
in peer relationships.32 These factors could 
contribute to adverse effects on academic 
achievement and social functioning. Cognitive 
dysfunction among children with chronic illness is 
also associated with problems effectively coping 
with stress.33 Thus, neurocognitive functioning in GD1 
has important implications for the lives and long-
term outcomes of young patients.  

It is not known whether the observed trend 
toward decreased cognitive functioning on the 
PedsQL CFS in the pediatric GD1 sample results 
from illness during an important time of 
neurodevelopment, mild cognitive effects from 
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chronic GD1, or other factors. Some recent studies 
have demonstrated non-specific white matter 
microstructural alterations on neuroimaging11,12 and 
altered brain functional networks13 among 
pediatric patients with GD1. Neurobiological 
contributions to cognitive dysfunction cannot be 
ruled out. Our pediatric sample includes a higher 
percentage of N370S compound heterozygote 
participants than the young adult sample. 
Compound heterozygosity of the N370S mutation is 
associated with a more severe disease presentation 
with earlier age of onset than N370S 
homozygosity,34,35 raising the possibility that 
genotype differences between our samples could 
account for the comparatively decreased cognition 
scores of our pediatric participants.  

Another possible explanation is that mildly 
reduced cognition scores in this sample result from 
psychosocial distress and anxiety experienced as a 
result of living with a chronic and potentially 
progressive disease. Psychological symptoms and 
emotional reactivity are known contributing 
variables to cognitive dysfunction in children.36,37 
Further, our prior study of psychosocial functioning 
in young patients with GD1 indicated the presence 
of lower health-related quality of life HRQoL 
among children with GD relative to a healthy 
sample while young adults with GD1 showed 
minimal psychosocial symptoms.38 Combined with 
the finding from the present study that pediatric 
patients with GD1 perform more poorly on 
cognitive measures, this may suggest that young 
adults possess better coping strategies for the 
psychological symptoms of GD1 and therefore 
exhibit fewer cognitive weaknesses. It is possible 
that maturation and the resulting improved ability 
to manage symptoms of GD1 may have provided 
the young adult participants with GD1 with 
protection from the cognitive weaknesses exhibited 
by the child sample.  

Based on the finding of a trend toward 
decreased cognitive functioning among pediatric 
participants on a validated instrument of cognitive 
functioning (PedsQL CFS), we suggest that children 
with GD1 may have weaker cognitive function than 
age peers. This interpretation is preliminary in an 
exploratory study. However, our analysis certainly 
warrants further investigation of cognition in a 
broader GD1 sample and study protocol. 
 This investigation has several limitations. 
Our small sample size may have limited the 
statistical power of our statistical analyses. The 
disproportionately female makeup of the young 
adult sample differs from the sex distribution found 
in epidemiological studies of GD,39 making the 
generalizability of our findings across sexes 

difficult. As this was an exploratory study, a 
standardized neuropsychological assessment 
battery was not administered to GD1 participants. 
The PedsQL CFS and BRIEF assessment measures 
are valid measures of cognitive function that have 
been correlated with gold standard 
neuropsychological instruments.23-25,27,28 Our 
streamlined approach to data collection also meant 
that we did not investigate the relationships 
between cognitive function and disease-related 
factors such as length of time on ERT that would 
have allowed us to provide fuller explanation of 
our findings. We did not specifically evaluate the 
possible association between mood and cognitive 
functioning within our study, suggesting that follow-
up studies are needed to better-clarify the 
underlying etiology of the cognitive deficits found 
in this study. Finally, our sample was not large 
enough to statistically compare the cognitive 
functioning of children to that of young adult 
participants; significant differences between age 
groups could provide important insights regarding 
the neurological and cognitive profiles of GD1.   
 Despite these limitations, our study 
advances our understanding of the neurocognitive 
functioning of young patients with GD1. The results 
underline the importance of awareness toward 
possible neurocognitive dysfunction in young 
patients with GD1, particularly in children with the 
condition. As the first study to explore the cognitive 
and executive functioning of children and young 
adults with GD1, these findings provide a 
foundation from which future research may stem. 
Further elucidation of the neurocognitive functioning 
of younger patients with GD1 and associated 
underlying mechanisms is needed. Because this 
study found possible age-related differences in 
cognitive outcomes, future research should more 
closely examine neurocognition using a longitudinal 
design or explicitly investigate differences in 
cognitive performance across the lifespan. Studies 
across age groups could further highlight possible 
variability in cognition over time. Given that 
treatment is associated with attenuated disease 
severity, it will be important for future researchers 
to consider the interaction between treatment for 
GD1, including length of time on ERT, and cognitive 
performance.  
 In summary, the findings of this study add 
to the available medical and neuropsychological 
literature of Gaucher disease. The present study 
shows a trend toward poorer cognitive functioning 
among pediatric patients with GD1 based on self-
report, while parent proxy reports did not show 
significantly different cognitive or executive 
functioning of children with GD1 compared to 
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healthy peers. Young adults with GD1 self-reported 
no significant differences in cognitive functioning 
from healthy young adults. No group differences in 
executive functioning were observed for child or 
young adult samples. Parent-reported disease 
severity was not associated with cognitive outcomes 
among the pediatric or young adult samples. These 
findings should inform assessment and treatment 
recommendations delivered to patients with GD1 
and their families by medical providers. 
Specifically, there is a need for healthcare 
professionals working with young patients with GD1 
to concurrently assess the presence of physical, 
cognitive, and emotional symptoms. An increased 
knowledge of the neurocognitive functioning of GD 
through future research and inquiry would support 
a more comprehensive understanding of the 
spectrum of GD1 symptoms and their long-term 
functional effects for patients and their families.  
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