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Abstract 
Background: Gaucher disease (GD) is an autosomal recessive lysosomal storage disorder (LSD) caused by GBA1 mutations, leading to glucosylceramide accumulation in macrophages. Early enzyme replacement or substrate reduction therapy improves outcomes, while delays can cause irreversible damage. The aim of this work to detect prevalence of neurological manifestations in different types of GD patients.
Methods: This observational hospital based cross-sectional study was carried out on 79 patients who were admitted to the Hematology Unit with proven GD by documented deficiency of acid β-glucosidase activity in peripheral blood leukocytes. Patients were divided into three groups Group 1: with GD type presented with symptoms and signs can include bone and organ problems, but brain development is normal, Group 2: with GD type 2, and Group 3: with GD type 3 symptoms include eye movement disorders, seizures, breathing problems, and liver and spleen enlargement. Patients were evaluated for clinical presentation especially neurological, laboratory finding and EEG finding
Results: Significant differences were noted among types of GD regarding age, sex, family history, failure to thrive, and neurological manifestations. Type 2 showed the highest frequency of seizures, motor delay, visual and bulbar dysfunction, while Type 3 demonstrated marked cognitive and academic impairments.
Conclusions: Patients with GD, especially those with type 2 and type 3, experience higher rates of neurological and psychiatric issues compared to type 1. Seizures are common in type 2 and 3, requiring antiseizure medication. While most have normal electroencephalograms (EEGs), some show epileptic activity.
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Introduction: 
[bookmark: _Hlk535793804][bookmark: _Hlk2170686]GD is an autosomal recessive LSD caused by mutations in the GBA1 gene encoding the glucosylceramide-degrading enzyme β-glucocerebrosidase (GCase). Accumulation of glucosylceramide in macrophages leads to a range of clinical manifestations of varying severity and age of onset, classified into three clinical types: GD type 1,2 and 3. Across the broad phenotypic spectrum of GD, clinical presentations can include splenomegaly, hepatomegaly, and blood and bone abnormalities; these are typical of GD1 (the type affecting > 90% of patients with GD from Europe and North America). Neurologic symptoms are distinctive of GD2, an acute and severe neurologic form of the disease, and GD3, a chronic neurologic form [1].
Delayed diagnosis or misdiagnosis of GD commonly occurs on account of the complex clinical presentation of this multisystem disorder, coupled with a lack of awareness about this rare disease [2]. Patient outcomes can be improved by timely administration of enzyme replacement or substrate reduction therapies early in the disease course; conversely, delays to the initiation of appropriate therapy can lead to irreversible health damage [3].
The hypothesis of this study was that neurological manifestations were prevalent in various types of GD; the presence and severity of these neurological disorders significantly impact the quality of life of GD patients. 
The aim of this work was to detect prevalence of neurological manifestations in different types of GD patients.
Patients and Methods: 
[bookmark: _Hlk193276520]This observational hospital based cross-sectional study was done from January 2023 to December 2024 and carried out on 79 patients, who were admitted in the hematology unit at Assiut University Children Hospital with proven GD by documented deficiency of acid β-glucosidase activity in peripheral blood leukocytes or by the identification of biallelic pathogenic variants in GBA1 on molecular genetic testing. aged 6 months to 50 years and both sexes. 
Patients were classified into three groups according to clinical manifestations: Group 1: GD type 1 presented with symptoms and signs can include bone and organ problems, but brain development is normal. Group 2: GD type 2 has an onset of central nervous system problems that are typically fatal within two years and Group 3: GD type 3 symptoms include skeletal problems, eye movement disorders, seizures that become more obvious over time, blood disorders, breathing problems, and liver and spleen enlargement [1]. 
All patients were subjected to detailed history taking especially neurological manifestations include [seizures, developmental delay, visual impairment, strabismus, oculomotor, Academic performance for children more than 5 years, speech abnormalities, mental status and  memory for children more than 3 years however cognitive impairment for children less than 3 years],physical examination particularly complete neurological examination by pediatric and adult neurologist for adult Gaucher patients including mental status and adventitial movements. Cranial nerves examination, especially Visual fields, pupils and eye movements. Motor testing, Deep-tendon reflex was tested. Sensory testing was performed for touch and position sense. 
Ophthalmological assessment done by a specialized ophthalmologist: to detect oculomotor deficit, strabismus, assessment of visual acuity. neurophysiological study as EEG (Provocation methods with hyperpnea and intermitted light stimulation were performed systematically for all EEGs.), EEG done by Electroencephalograph Nihon Kohden model 1200.

Statistical analysis 
All statistical calculations were done using SPSS (statistical package for the social science; SPSS Inc., Chicago, IL, USA) version 22. Data were statistically described in terms of mean ± standard deviation (±SD), or median and range when not normally distributed, frequencies (number of cases) and relative frequencies (percentages) when appropriate. Comparison of quantitative variables was done using One Way ANOVA test for normally distributed data, and Kruskal Wallis test for non-normally distributed data. For comparing categorical data, Chi square (χ2) test was performed. Exact test was used instead when the expected frequency is less than 5. P-value is always 2 tailed set significant at 0.05 level. 
Ethical consideration:
Approval from the Ethical Committee Assiut University Children Hospitals, Assiut, Egypt was obtained (IRB No: 04-2023-200203). And also, an informed written consent was obtained from the patient or relatives of the patients.
[bookmark: _Ref85388697][bookmark: _Ref85388685]Results:
The study participants were classified into 3 types according to clinical presentation, Non-neuronopathic (Type 1): 34 patients (43.0%), acute neuronopathic (Type 2): 12 patients (15.2%) and Sub-acute neuronopathic (Type 3): 33 patients (41.8%), As shown in figure (1)
           
Figure (1): Bar graph showing the distribution of GD types among the studied participants.
The demographic and clinical characteristics of patients with Gaucher disease (GD) types 1, 2, and 3 shown in table (1)
There was a statistically significant difference in mean age across the three groups (p < 0.001), with patients diagnosed with GD type 1 being older (mean age 13.65 ± 11.11 years) compared to those with GD type 2 (0.83 ± 0.39 years) and GD type 3 (7.62 ± 5.21 years).
Regarding sex distribution, there was a significant association between GD type and sex (p = 0.018), with male predominance observed in all groups, especially in GD type 2 (75%).
Consanguinity was prevalent across all groups, observed in 82.4%, 91.7%, and 78.8% of GD types 1, 2, and 3 respectively; however, this difference was not statistically significant (p = 0.606).Family history of the disease demonstrated a significant variation among the groups (p = 0.034), being highest in GD type 1 (73.5%) compared to type 2 (41.7%) and type 3 (45.5%).
Failure to thrive (FTT) was significantly associated with GD type (p < 0.001), present in all patients with GD type 2 (100%), and more common in type 3 (66.7%) than in type 1 (14.7%).
[bookmark: _Hlk193192009][bookmark: _Hlk202518429]Table 1: Demographic and clinical data among the studied groups
	variables
	GD type 1
(n=34)
	GD type 2
(n=12)
	GD type3
(n=33)
	P value

	Age (years)
Min-max
	13.65±11.11
(1-50 years)
	0.83 ± 0.39
(6m- 2years)
	7.62± 5.21
(6m-21years)
	<0.001 K

	Sex
	Male
	22 (64.7%)
	9 (75.0%)
	18 (54.5%)
	0.018 χ2

	
	Female
	12(35.3%)
	3(25.0%)
	15(45.5%)
	

	Positive Consanguinity
	28(82.4%)
	11(91.7%)
	26(78.8%)
	0.606 χ2

	Positive Family history
	25(73.5%)
	5(41.7%)
	15(45.5%)
	0.034 χ2

	Failure to thrive (FTT)
	5(14.7%)
	12(100.0%)
	22(66.7%)
	<0.001 χ2



[bookmark: _Hlk193195216]Data are presented as mean ± SD, or number (%), significant as P-value ≤ 0.05, GD: Gaucher Disease, BMI: Body mass index, K: Kruskal Wallis test, χ2: Chi square test. 

Table 2 compares the prevalence of neurological and psychological features among patients with Gaucher disease (GD) types 1, 2, and 3.
Seizures were significantly more frequent in GD type 2 (58.3%) and type 3 (30.3%) compared to type 1 (2.9%) (p < 0.001). Similarly, the use of antiseizure medications (ASM) was reported exclusively in patients with types 2 (58.3%) and 3 (30.3%), with no cases in type 1 (p < 0.001).
Gross and fine motor developmental delay was also significantly associated with GD type (p < 0.001), being highest in type 2 (66.7%), followed by type 3 (54.5%) and type 1 (14.7%).
Visual acuity impairment showed a highly significant difference (p < 0.001), affecting 83.3% of patients with GD type 2 and 21.2% of those with type 3, while nearly all patients with type 1 (97.1%) had normal visual acuity. Similarly, strabismus was predominantly observed in type 2 (91.7%) and type 3 (33.3%), with none in type 1 (p < 0.001).
Dysphagia and choking were both significantly more common in type 2 (66.7%) and type 3 (18.2%), with no cases reported in type 1 (p < 0.001). Abnormal reflexes were noted in 58.3% of patients with type 2 and 15.2% with type 3, while all patients with type 1 had normal reflexes (p < 0.001).
Hypotonia was reported in 41.7% of type 2 and 9.1% of type 3 cases (p < 0.001), whereas hypertonia was less frequent but still significantly different across groups (p = 0.033), being most common in type 2 (16.7%).
Oculomotor apraxia did not show a statistically significant difference among the groups (p = 0.123).





[bookmark: _Hlk202451709][bookmark: _Hlk202518019]Table 2: Main neurological and psychiatric manifestations among the studied groups
	[bookmark: _Hlk202440099]
	GD type 1
(n=34)
	GD type 2
(n=12)
	GD type 3
(n=33)
	P value

	Seizures
	1(2.9%)
	7 (58.3%)
	10 (30.3%)
	< 0.001 χ2

	Antiseizure medications (ASM)
	0(0.0%)
	7 (58.3%)
	10 (30.3%)
	< 0.001 χ2

	[bookmark: _Hlk193272050]Gross and fine motor Developmental delay
	5(14.7%)
	8 (66.7%)
	18 (54.5%)
	< 0.001 

	Abnormal Visual acuity
	1(2.9%)
	10(83.3%)
	7(21.2%)
	< 0.001

	Strabismus
	0(0.0%)
	11(91.7%)
	11 (33.3%)
	< 0.001 χ2

	Oculomotor apraxia
	1(2.9%)
	0(0.0%)
	5(15.2%)
	0.123 F

	Dysphagia
	0 (0.0%)
	8 (66.7%)
	6 (18.2%)
	< 0.001 χ2

	Chocking
	0 (0.0%)
	8 (66.7%)
	6 (18.2%)
	< 0.001 χ2

	Abnormal Reflexes*
	0(0.0%)
	7(58.3%)
	5(15.2%)
	< 0.001 χ2

	Hypotonia
	0(0.0%)
	5(41.7%)
	3 (9.1%)
	< 0.001 F

	Hypertonia
	0(0.0%)
	2 (16.7%)
	2(6.1%)
	0.033 F


Data are presented as number (percentage). Chi square (χ2) test or Fisher Exact test were used for comparing categorical data.
* Reflexes include both deep tendon reflexes and superficial reflexes (e.g., abdominal and plantar responses).

Table 3 demonstrates significant differences in neurological and psychiatric manifestations across Gaucher disease (GD) types according to age groups. Among patients older than 5 years, academic performance was significantly poorer in GD type 3 compared to type 1, with 50% showing below-average performance versus 17.2% in type 1 (P = 0.036, χ² test). For children older than 3 years, both speech and mental status abnormalities were notably more frequent in type 3 compared to type 1 (32.1% vs. 3.1%, P = 0.010 for both, χ² test). Similarly, poor memory was observed exclusively in GD type 3 (28.6%), with no cases reported in type 1 or type 2 (P = 0.003, Fisher’s exact test). In contrast, cognitive status in children under 3 years showed no statistically significant differences between groups (P = 0.209, χ² test), although impaired cognition appeared more frequently in GD type 2 (66.7%).
These findings highlight a higher burden of neuropsychiatric involvement in GD type 3 and, to a lesser extent, in type 2, especially regarding cognitive and functional domains.
[bookmark: _Hlk203907040]Table 3: Main neurological and psychiatric manifestations according to age groups
	
	GD type 1
	GD type 2
	GD type 3
	P value

	Academic performance for patients more than 5 years 
	Below Average
	5/29(17.2%)
	0(0.0%)
	9/18(50%)
	0.036 χ2

	Speech for patients more than 3 years
	Abnormal
	1/32(3.1%)
	0(0.0%)
	9/28(32.1%)
	0.010 χ2

	Mental status for patients more than 3 years 
	Delayed
	1/32(3.1%)
	0(0.0%)
	9/28(32.1%)
	0.010 χ2

	Cognition for patients less than 3 years 
	Impaired
	0(0.0%)
	8/12(66.7%)
	1/2 (50%)
	0.209 χ2

	Memory status for patients more than 3 years 
	Poor
	0(0.0%)
	0(0.0%)
	8/28(28.6%)
	0.003 F


Data are presented as number (percentage). Chi square (χ2) test or Fisher Exact test were used for comparing categorical data.

[bookmark: _Hlk190555081]Table 4 show The EEG findings among the 79 GD patients reveal that 64 patients (81.0%) had normal results, while 15(18.9%) had abnormal finding; 6 patients (7.6%) exhibited an epileptic focus. Additionally, 4 patients (5.1%) showed multifocal epileptogenic activity up to generalized seizures. There were 3 patients (3.8%) with diffuse encephalopathy, and rare occurrences of diffuse frequent bursts of sharp and spike wave complexes and bilateral sharp slow wave activity were noted, each affecting 1 patient (1.3%).
[bookmark: _Hlk205075566]Table 4: EEG finding among the studied 79 GD patients and according to GD type
	
	[bookmark: OLE_LINK4]EEG finding according to GD type
	

	EEG finding
	
	GD type 1 (n=34)
	GD type 2
(n=12)
	GD type 3
(n=33)
	P value
	Total
(n=79)

	Normal
	
	31 (91.2%)
	7 (58.3%)
	26 (78.8%)
	


0.006 F
	64(81.0%)

	Abnormal
	
	3(9%)
	5(41.6%)
	7(21.2%)
	
	[bookmark: _Hlk202452008]15(18.9%)

	
	Epileptic focus
	0(0.0%)
	2(16.7%)
	4 (12.1%)
	
	6(7.6%)

	
	Multifocal epileptogenic activity up to generalized
	1(2.9%)
	3(25.0%)
	0 (0.0%)
	
	4(5.1%)

	
	Diffuse encephalopathy
	1(2.9%)
	0(0.0%)
	2(6.1%)
	
	3(3.8%)

	
	Diffuse frequent bursts of sharp &spike wave complexes
	0(0.0%)
	0(0.0%)
	1(3.0%)
	
	1(1.3%)

	
	Bilateral sharp slow wave activity
	1(2.9%)
	0(0.0%)
	0(0.0%)
	
	1(1.3%)


Data is presented as a number, percentage (%), EEG: Electroencephalogram, F: Fisher Exact test, GD: Gaucher disease.
Discussion:  
[bookmark: _Hlk535994018]In this study, findings on the distribution of patients with GD indicate that among the studied population, 43.0% were diagnosed with Type 1 (Non-neuronopathic), 15.2% with Type 2 (Acute neuronopathic), and 41.8% with Type 3 (Sub-acute neuronopathic). These findings contrast with those reported by Wang et al., who documented that approximately 83% of patients with GD are classified as Type 1 in their global epidemiological analysis [4].
In this study, our findings indicate significant differences in age and sex distribution among patients with GD. Specifically, Type 1 patients have a mean age of 13.78 years, while Type 2 patients have a mean age of only 0.83 years, Type 3 patients  have a mean age 7.62 years, these results suggesting that older patients are more likely to present with non-neuronopathic GD which can be attributed to late presentation of type 1, while type 2 (acute neuronopathic) are difficult to survive beyond age 2 years. Additionally, we noted that 62.0% of the total study are male, which can be attributed to our culture in upper Egypt of male preference in care and early management.
These findings agree with the observations reported by Stone et al., who highlighted that Type 1 Gaucher disease typically presents later in life, whereas Types 2 and 3 often manifest during infancy. They also noted that males are frequently overrepresented in the acute forms of the disease [5].
Our study showed that a positive family history of Gaucher disease (GD) is notably prevalent in Type 1 patients at 73.5%. Additionally, we observed high rates of consanguinity across all groups, with no significant differences noted (p = 0.606). This can be attributed to the cultural norm of consanguineous marriage in Upper Egypt. These findings reinforce the concept that family history is a critical factor in identifying at-risk individuals and underscore the necessity of offering genetic counseling to families affected by GD.
This high prevalence of positive family history in our cohort agrees with the observations reported by Mehta, who emphasized the importance of family history in diagnosing GD. His findings showed that a significant proportion of patients with Type 1 GD reported a family history of the disease, consistent with our results [6].
Our findings indicate that nearly 49.4% of patients with Gaucher disease (GD) experienced failure to thrive (FTT), with 100% of Type 2 patients and 66.7% of Type 3 patients affected, compared to only 14.7% of those with Type 1. This significant difference (p < 0.001) underscores the severe impact of acute neuropathic GD on growth and development. The elevated prevalence of FTT in Type 2 patients is attributed to the more severe systemic involvement typically seen in this form, which profoundly affects nutritional status and growth.
These results are consistent with the observations reported by Bhati et al., who conducted their study in India. They highlighted that children with GD—particularly those with Type 2—often experience marked growth delays and failure to thrive. Their findings revealed that around 50% of patients demonstrated delayed growth, closely aligning with our result of 49.4%. Despite the different geographic settings, their study supports our findings, as both emphasize the significant impact of severe visceral involvement in Type 2 GD on growth and development. This reinforces our observation of a stark contrast in FTT prevalence between Type 1 and Type 2 patients [7].
Our findings indicate a significant prevalence of seizures among patients with Gaucher disease (GD), particularly in Types 2 and 3, who often require anti-seizure medications (ASMs). In contrast, seizures were observed in only 2.9% of patients with Type 1 GD.
Similarly, Stanescu et al. reported that seizures occur in approximately 30% of patients with Type 3 GD receiving enzyme replacement therapy (ERT), highlighting the neurological burden associated with the chronic neuronopathic form of the disease [8].
Our findings highlight a significant prevalence of developmental delay in type 2,3, This aligns with a study focused on the neurodevelopmental outcomes of children with GD types 2 and 3 found that a significant proportion exhibited developmental delays, particularly in motor and cognitive skills [9].
our study found a significant prevalence of abnormal visual acuity in GD, particularly in type 2, where 83.3% of patients exhibit this issue. This contrasts sharply with type 1, where visual acuity abnormalities are minimal. This can be attributed to accumulation of glucocerebrosides leads to retinal damage, which contributes to the deterioration of visual function.
This similar to our findings by Coussa et al., who reported that patients with Type 2 Gaucher disease exhibited a high incidence of retinal lesions and associated abnormalities in visual acuity, underscoring the extent of neurological and ophthalmic involvement in the acute neuronopathic form of the disease [10]
In our study, a significant occurrence of strabismus in GD type 2, 3 compared to type 1 which can be attributed as strabismus is one of neurological symptoms of neuronopathic types of GD. Additionally, dysphagia and choking are prevalent in both types 2 and 3 compared to type 1. 
This aligns with findings by Abdelwahab et al., who, in their study focusing on the neurological features of Type 3 Gaucher disease, reported that convergent strabismus and bulbar dysfunction were observed in 22% and 37% of patients, respectively. These findings emphasize the complexity and severity of neurological impairments associated with Type 3 GD [11].
In our cohort, one patient clinically classified as GD type 1 exhibited oculomotor apraxia, despite the absence of other overt neurological findings. This observation raises the possibility of early neuronopathic involvement and suggests that this case may evolve into GD type 3 over time. This finding is consistent with the results of Harris et al, who demonstrated that detailed oculomotor testing identified abnormal saccadic eye movements in several patients initially diagnosed with type 1 GD. Notably, three out of eight patients were reclassified as having GD type 3 following detection of subtle ocular motor deficits. These findings emphasize the importance of early recognition of oculomotor signs, such as apraxia, as a potential marker of neuronopathic transition, warranting close neurological follow-up and reconsideration of the initial diagnosis [12].
Our findings indicate a significant occurrence of abnormal reflexes (hypo & hyperreflexia), also hypotonia and hypertonia in GD, particularly in types 2 and 3 compared to type 1. 
A study by Weiss et al. focusing on the clinical features of Type 2 Gaucher disease reported that patients frequently present with both hypotonia and hypertonia as part of their progressive neurological decline. This reinforces the notion that such neurological abnormalities are hallmark features of the more severe, neuronopathic forms of GD [13].
our study reveals a significant prevalence of speech abnormalities, mental status delay, cognitive impairment, and memory issues in GD, in type 2, 3. This agree with a study by Goker‐Alpan and Ivanova, which examined speech and language development and cognitive function among children diagnosed with Gaucher disease. The study found that individuals with Types 2 and 3 exhibited pronounced speech delays and abnormalities, along with significant cognitive impairment, highlighting the neurological burden associated with the neuronopathic forms of GD [14].
This study reveals the following EEG characteristics in patients with GD: 81.0% of total patients show normal EEG finding ,91.2% of type 1 exhibited normal EEG readings, while in type 2, 3 there is 58.3%, 78.8% respectively showing normal reading. We should take into consideration that many patients can initially presented with normal readings, but subsequent evaluations often revealed abnormalities over time.16.7% of type 2 showed an epileptic focus while 12.1% of type 3 showed it, also 25% of type 2 had multifocal epileptogenic activity that progressed to generalized, while type 1 show 2.9%. The presence of epileptiform discharges and other abnormalities indicates a complex neurological involvement in neuronopathic types of GD also 2.9%, 6.1% of type 1,3 were diagnosed with diffuse encephalopathy, and 3% of type 3 displayed diffuse frequent bursts of sharp and spike wave complexes. These finding underscores the importance of regular follow-up EEG assessments to capture potential changes in brain activity associated with the progression of the disease.
This aligns with another study by Poffenberger et al., which reported that a significant majority of patients with neuronopathic Gaucher disease exhibited EEG abnormalities, reinforcing the high prevalence of neurological involvement in chronic forms of the disease [15].
Limitations: Single-Center Study: conducting the study at a single tertiary care center may limit generalizability to other settings or populations with GD. Limited Duration: the two-year study period may not capture long-term outcomes or variations in disease progression over time.
Conclusions: 
Patients with GD types 2 and 3 show significantly higher rates of neurological and psychiatric manifestations than type 1. Seizures and developmental delays are more common in these groups, often requiring antiseizure medications. Cognitive and speech impairments are especially prominent in type 2. While most EEGs are normal, some patients show epileptic abnormalities like focal or multifocal activity.
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