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Abstract 
 
Background Gaucher disease (GD) is an inherited autosomal recessive disease. It is most common in the Ashkenazi Jewish 

population. Many biomarkers might be involved in the etiology, pathogenesis, diagnosis and prognosis of GD 
in children. Most of them are related to complications due to an involvement of many organs such as liver, 
spleen and bones by this lysosomal storage disease that caused by a lack of the enzyme glucocerebrosidase. 

Objective To investigate the role of kidney function test and electrolytes (urea, creatinine, sodium and potassium) level 
in the monitoring of the response for the treatment used for patients with GD in follow-up manner. 

Methods A case control study was done on 67 children (32 males & 35 females), age range from 2-14 years (mean±SD; 
5.3±2.9). The levels of sodium, potassium, urea and creatinine were measured in the samples of patients who 
were categorized as newly diagnosed untreated patients (n=9), patients receiving enzyme replacement 
therapy (ERT) for 3-6 months (n=18), 6-12 months (n=20) and patients receiving ERT for more than one year 
(n=20) and compared with twenty age-matched control subjects (9 males & 11 females) age range from 2-14 
years (mean±SD; 5.55±3.05). 

Results The data indicated that the level of urea in GD patients (23.39±4.71 mg/dl) was significantly higher than that of 
age-matched controls (17.5±3.05 mg/dl). Non-significant differences were illustrated in the levels of sodium, 
potassium and creatinine. Negative significant (p<0.05) correlations were obtained between the levels of urea 
(r= -0.752; p<0.001) and creatinine (r= -0.536; p<0.001) with the period of receiving ERT. Additionally, ANOVA 
test also revealed significant (p<0.05) differences among the patients' subgroups in the levels of urea and 
creatinine. Results obtained from Receiver Operating Characteristic (ROC) curve revealed that urea and 
creatinine showed a high area under the curve (AUC), sensitivity and specificity (0.939, 77.8% and 85% for urea 
and 0.978, 100% and 80% for creatinine respectively) in newly diagnosed GD patients in a comparison with 
control. 

Conclusion The possibility of using urea and creatinine in the diagnosis and monitoring the effect of ERT on the GD 
patients. 
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Introduction 

aucher Disease (GD) is considered as the 
most common autosomal recessive 
lysosomal storage disease that is caused 

by a deficiency in the enzyme β-

glucocerebrosidase leading to an accumulation 
in its substrate that called glucocerebroside, 
which is derived chiefly from membrane 
components of hematopoietic cells (1,2). The 
accumulation of this substrate in lysosomes of 
macrophages cause a formation of pathological 
macrophages that called Gaucher cells, which G 
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considered as the main histological hallmark of 
the disease and are located in many organs (3,4). 
The clinical manifestations and symptoms of 
this disease also ranged from asymptomatic 
individuals to massive hepatomegaly and 
splenomegaly in addition to hypersplenism and 
severe bone, and, occasionally, lung 
complications (5). Neuronopathic involvements 
mainly occur in Gaucher disease types II and III 
leading to a wide variety of neurological 
manifestations in addition to visceral 
involvement (5,6).   
The treatment of choice for symptomatic 
Gaucher patients is enzyme replacement 
therapy (ERT) with imiglucerase (Cerezyme®) 
(7). ERT showed to have a valuable effect on the 
GD symptoms and significantly cause a 
reduction in the organomegaly, in addition to 
an elevation in the levels of hemoglobin and 
platelet counts, and also improve children 
growth in with Gaucher patients (8). On the 
other hand, the effect of ERT on bone or lung 
complications still less clear than other 
manifestations (9). 
This study tried to focus on the renal 
complications in GD patients since that there 
are a few case reports in the literature on the 
renal complications in association with GD. 
When renal abnormalities coexist with GD, a 
large variation in the clinical and laboratory 
manifestations were noticed including 
proteinuria, tubular defects or renal failure (3). 
Additionally, autopsy of asymptomatic patients 
with GD showed Gaucher cells in the kidneys. It 
is still unclear whether the abnormalities in 
renal functions in these patients arise from 
their storage disease or whether during the 
course of a lifetime with GD, some patients 
seem to develop only one kind of kidney 
manifestation or another (7,10). 
To realize the effects of GD and ERT on the 
renal function, we undertook a case control 
study on patients with GD. The aim was to 
evaluate the effect of the disease and the 
treatment on some renal function parameters 
noninvasively. 
 

Methods 
A case control study was done on 67 children 
(32 males and 35 females), age range from 2-
14 years (mean± SD; 5.3±2.9) who had GD 
recruited from Pediatric Department and Unit 
of Rare Diseases at Al-Imamein Al-Kadhimein 
Medical City, Gastroenterology and Hepatology 
Teaching Hospital, Children Welfare Hospital 
Consultation Clinic and Central Child’s Teaching 
Hospital.  
The levels of sodium, potassium, urea and 
creatinine were measured in the samples of 67 
Gaucher patients who were categorized as 
newly diagnosed untreated patients (n=9), 
patients receiving ERT for 3-6 months (n=18), 
6-12 months (n=20) and patients receiving ERT 
for more than one year (n=20) and compared 
with twenty age-matched control subjects (9 
males and 11 females); age range from 2-14 
years (mean± SD; 5.55± 3.05). A Control group 
with exclusion criteria that include patients 
with chronic infections, those suspected to 
have tuberculosis (TB) and patients with 
chronic inflammatory conditions as chronic 
arthritis in addition to other factors that affect 
enzyme activity. 
The local Ethical Committee of the College of 
Medicine, University of Al-Nahrain, Baghdad, 
Iraq, approved this study. In addition, an 
informed written consent of participation in 
the study was signed by the parents or the 
legal guardians of the investigated subjects 
according to the Helsinki principles.     
 
Results 
The data indicated that the mean±standard 
deviation (SD) levels of urea in whole Gaucher 
patients (23.39±4.71 mg/dl) was significantly 
higher (p<0.05) than that of age-matched 
controls (17.5±3.05 mg/dl). On the other hand, 
non-significant differences were illustrated in 
the levels of sodium, potassium and creatinine 
(table 1). 
These parameters were remarkably associated 
with the period of receiving treatment with 
ERT that indicated by the decrease in the level 
of urea and creatinine with the increase in the 
duration of treatment as demonstrated by 
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table (4) and also this finding confirmed by the 
negative significant (p<0.05) correlations 
between the levels of urea (r= -0.752; p<0.001) 
and creatinine (r= -0.536; p<0.001) with the 
period of receiving treatment as demonstrated 
in table 2.  

On the other hand a non-significant difference 
in the levels of sodium and potassium among 
all the studied groups were illustrated in table 
(3). 

 
Table 1. The comparison of the studied parameters between Gaucher patients and control group 

by independent t-test 
 

P value 
Patients 

N=67 
mean±SD 

Control 
N=20 

mean±SD 
Parameter 

0.615 137.74±1.67 137.95±1.23 Sodium (mEq/l) 
0.982 4.12±0.35 4.13±0.2 Potassium (mEq/l) 

<0.0001 23.39±4.71 17.5±3.05 Urea (mg/dl) 
0.163 0.3±0.08 0.27±0.09 Creatinine (mg/dl) 

 
 

Table 2. Correlation between the studied parameters in whole Gaucher patients 
 

r: Pearson correlation coefficient, P: Significance 
 

 

Additionally, ANOVA test also revealed the 
effect of ERT that is indicated by the significant 
(p<0.05) differences among the patients' 
subgroups in the levels of urea and creatinine 
(table 5). Results obtained from Receiver 
Operating Characteristic (ROC) curve revealed 
that urea and creatinine showed a high area 
under the curve (AUC), sensitivity and 

specificity (0.939, 77.8% and 85% for urea and 
0.978, 100% and 80% for creatinine 
respectively) in newly diagnosed GD patients in 
a comparison with control and variable values 
of area under the curve (AUC), sensitivity and 
specificity in whole GD and other GD patient 
subgroups as demonstrated in tables (6-10). 

 

 
 
 
 
 

  Potassium  Urea  Creatinine  Duration of treatment 

Sodium 
r 0.057 -0.128 -0.339 0.189 
p 0.647 0.303 0.005 0.125 

Potassium  
r  0.007 -0.045 -0.091 
p  0.957 0.716 0.464 

Urea  
r   0.376 -0.734 
p   0.007 <0.001 

Creatinine  
r    -0.605 
p    <0.001 
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Table 3. Sodium and Potassium levels in control, patients with 3-5 months, 6-12 
 

Parameter Group mean±SD Pa Pb Pc Pd Pe Pf Pg Ph Pi Pj 

So
d

iu
m

 (
m

Eq
 /

l)
 

Control 
n = 20 

137.95 ±1.23 

0.115 0.443 0.826 0.920 0.36 0.13 0.24 0.39 0.6 0.79 

Newly 
diagnosed 

n = 9 
137.0± 1.87 

3-5 months 
treatment 

n = 18 
137.61±1.46 

6-12 
months 

treatment 
n = 20 

138.05± 
1.61 

>1 year 
treatment 

n = 20 
137.9±1.83 

P
o

ta
ss

iu
m

 (
m

Eq
 /

l)
 

Control 
n= 20 

4.13 ±0.2 

0.309 0.783 0.824 0.46 0.34 0.49 0.203 0.69 0.72 0.43 

Newly 
diagnosed 

n = 9 
4.26±0.48 

3-5 months 
treatment 

n = 18 
4.1±0.34 

6-12 
months 

treatment 
n = 20 

4.15±0.34 

>1 year 
treatment 

n = 20 
4.06±0.31 

Pa value between newly diagnosed patients and control 
Pb value between patients with 3-5 months treatment and control 
Pc value between patients with 6-12 months treatment patients and control 
Pd value between patients with >1 year treatment and control. 
Pe value between newly diagnosed patients and patients with 3-5 months treatment 
Pf value between newly diagnosed patients and patients with 6-12 months treatment 
Pg value between newly diagnosed patients and patients with >1 year treatment 
Ph value between patients with 3-5 months and patients with 6-12 months treatment 
Pi value between patients with 3-5 months and patients with >1 year treatment 
Pj value between patients with 6-12 months and patients with >1 year treatment 
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Table 4. Urea and Creatinine levels in control, patients with 3-5 months, 6-12 months and >1 
year treatment groups 

 

Parameter Group mean±SD Pa Pb Pc Pd Pe Pf Pg Ph Pi Pj 

U
re

a 
(m

g/
d

l)
 

Control 
n = 20 

17.5±3.05 

<0.001 <0.001 <0.001 0.3 0.76 0.04 <0.001 0.002 <0.001 <0.001 

Newly 
diagnosed 

n = 9 
26.51±5.17 

3-5 months 
treatment 

n = 18 
27.06± 3.78 

6-12 
months 

treatment 
n = 20 

23.7±2.08 

>1 year 
treatment 

n = 20 
18.38±2.17 

C
re

at
in

in
e 

(m
g/

d
l)

 

Control 
n= 20 

0.27±0.086 

<0.001 0.148 0.65 0.31 <0.001 <0.001 <0.001 0.093 0.002 0.56 

Newly 
diagnosed 

n = 9 
0.46±0.038 

3-5 months 
treatment 

n = 18 
0.30±0.029 

6-12 
months 

treatment 
n = 20 

0.28±0.045 

>1 year 
treatment 

n = 20 
0.25± 0.06 

Pa value between newly diagnosed patients and control 
Pb value between patients with 3-5 months treatment and control 
Pc value between patients with 6-12 months treatment patients and control 
Pd value between patients with >1 year treatment and control. 
Pe value between newly diagnosed patients and patients with 3-5 months treatment 
Pf value between newly diagnosed patients and patients with 6-12 months treatment 
Pg value between newly diagnosed patients and patients with >1 year treatment 
Ph value between patients with 3-5 months and patients with 6-12 months treatment 
Pi value between patients with 3-5 months and patients with >1 year treatment 
Pj value between patients with 6-12 months and patients with >1 year treatment 
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Table 5. The comparison of the studied parameters between Gaucher patients' subgroups by 
ANOVA test 

 

P value 

>1 year 
treatment 

n = 20 
mean±SD 

6-12 months 
treatment 

n = 20 
mean±SD 

3-5 months 
treatment 

n = 18 
mean±SD 

Newly 
diagnosed 

n = 9 
mean±SD 

Control 
 

n=20 
mean±SD 

Parameter 

0.442 137.9±1.83 138.05±1.61 137.61±1.46 137±1.87 137.95±1.23 
Sodium  
(mEq/l) 

0.575 4.06±0.31 4.15±0.34 4.1±0.34 4.26±0.48 4.13±0.2 
Potassium 

(mEq/l) 

<0.001 18.38±2.17 23.7±2.08 27.06±3.78 26.51±5.17 17.5±3.05 
Urea  

(mg/dl) 

<0.001 0.25±0.06 0.28±0.05 0.30±0.03 0.46±0.04 0.27±0.09 
Creatinine 

(mg/dl) 

 
 

Table 6. ROC curve results for all studied parameters in patients comparing with control 
 

Parameters AUC Sensitivity (%) Specificity (%) Cut-off value 

Sodium (mEq/l) 0.563 70.0 48.0 137.5 
Potassium (mEq/l) 0.53 55.0 58.0 4.15 

Urea (mg/dl) 0.865 82.0 80.0 18.5 
Creatinine (mg/dl) 0.615 76.0 60.0 0.235 

 

Table 7. ROC curve results for all studied parameters in newly diagnosed patients comparing 
with control 

 

Parameters AUC Sensitivity (%) Specificity (%) Cut-off value 

Sodium (mEq/l) 0.717 70.0 78.0 137.5 
Potassium (mEq/l) 0.6 55.6 90.0 4.35 

Urea (mg/dl) 0.939 77.8 85.0 22.15 
Creatinine (mg/dl) 0.978 100 80.0 0.35 

 
 

Table 8. ROC curve results for all studied parameters in newly diagnosed patients comparing 
with patients with 3-6 months treatment 

 

Parameters AUC Sensitivity (%) Specificity (%) Cut-off value 

Sodium (mEq/l) 0.664 83.0 56.0 136.5 
Potassium (mEq/l) 0.611 55.6 83.3 4.35 

Urea (mg/dl) 0.506 88.9 33.3 22.65 
Creatinine (mg/dl) 1 100 100 0.365 
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Table 9. ROC curve results for all studied parameters in patients with 3-6 months treatment 
comparing with patients with 6-12 months treatment 

 

Parameters AUC Sensitivity (%) Specificity (%) Cut-off value 

Sodium (mEq/l) 0.586 65.0 61.1 137.5 
Potassium (mEq/l) 0.551 35.0 83.3 4.35 

Urea (mg/dl) 0.797 61.1 95.0 25.5 
Creatinine (mg/dl) 0.657 83.3 50.0 0.275 

 
 

Table 10. ROC curve results for all studied parameters in patients with 6-12 months treatment 
comparing with patients with >1 year treatment 

 

Parameters AUC Sensitivity (%) Specificity (%) Cut-off value 

Sodium (mEq/l) 0.519 65.0 35.0 137.5 
Potassium (mEq/l) 0.568 45.0 70.0 4.15 

Urea (mg/dl) 0.945 90.0 85.0 21.15 
Creatinine (mg/dl) 0.703 100 65.0 0.205 

 
 

Discussion 
Generally, most of the previous studies stated 
that the Gaucher patients didn’t have a renal 
involvement and the level of serum urea and 
creatinine in addition to electrolytes such as 
sodium and potassium were normal (3,11) with 
some exceptions (7,12) that occurs rarely. This 
clinical manifestation of organ dysfunction 
directly related to massive Gaucher cells 
infiltration (7,10) such as appeared in the present 
study in which a significant increase in the 
serum urea were observed. On the other hand, 
non-significant differences in the levels of 
creatinine, sodium and potassium were 
reported in Gaucher patients in comparison 
with control subjects as demonstrated in table 
(1). 
 
Sodium and potassium  
According to results obtained in table (3), it 
was demonstrated that there was a non-
significant difference in the levels of sodium 
and potassium among all the studied groups 
that may indicate a non-significant effect of the 
GD and also the treatment with ERT on the 
level of these electrolytes in agreement with 
previous studies (3,11). The present study also 
revealed that the level of sodium and 

potassium didn’t affect by treatment as 
revealed by a non-significant result obtained by 
ANOVA test in table (5) and also confirmed by 
the non-significant correlation with the period 
of treatment as shown in table (2). Also, ROC 
curve results illustrated that these two 
electrolytes cannot be considered as 
biomarkers for GD due to low AUC, sensitivity 
and specificity in all patients in comparison 
with controls. 
 
Urea  
In contrast to tests for the assessment of 
sodium, potassium and also creatinine, urea 
showed a different pattern in the present 
study, which also differ from the most previous 
studies (3,11) in that urea levels showed a 
significant higher level compared to controls as 
demonstrated in table (1). Additionally table 
(4) also revealed that the levels of urea in 
newly diagnosed untreated patients, patients 
treated with ERT for 3-6 months and patients 
treated for 6-12 months were significantly 
higher than that of control while the level of 
urea return to a normal level, which is 
comparable to that of control after receiving 
the treatment for more than year and also 
noticed that there was a non-significant 
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differences between newly diagnosed 
untreated patient and patients received 
treatment for 3-6 months. 
These results may indicate that the treatment 
with ERT for 6-12 months may cause a 
significant reduction in the renal complication 
and cause a urea level restoration to the 
normal levels after more than one year of 
treatment. This suggestion also confirmed by 
the significant difference among all patients' 
subgroups as demonstrated by ANOVA test in 
table (5) and also confirmed by the significant 
negative correlation between urea level and 
the period of treatment that demonstrated in 
table (2) and ROC curve results obtained in 
tables (6-10), which indicate that urea level can 
be considered as an excellent biomarker for GD 
patients either treated or untreated with ERT.  
As mentioned previously, the assumed 
explanation of these abnormalities is the 
infiltration of glomeruli by Gaucher cells (7). 
 
Creatinine  
In contrast to urea, the levels of creatinine in 
all studied groups were normal and showed a 
non-significant difference between Gaucher 
patients and control and the only interesting 
finding was the significant difference between 
the newly diagnosed untreated patients and 
controls after that the level of creatinine return 
to a level comparable to that of control in 
patients receiving treatment which may 
indicate that the level of creatinine is more 
sensitive to treatments and respond more 
quickly than urea which is also revealed by a 
significant differences between untreated and 
treated patients as shown in table (4). 
ANOVA test results in table (5) also prove the 
above finding of significant differences 
between all patient subgroups. In addition to 
that, the significant negative correlation 
between the creatinine levels and the period of 
treatment that illustrated in table (2) also 
ensure the effect of ERT on the renal 
complication together with ROC curve results 
which revealed that creatinine can be 
considered as an excellent biomarker for GD 
especially for newly diagnosed untreated 
patients and also to monitor the treatment in 
the first 3-6 months of treatment (tables 6-10). 

Finally, according to the previous data and data 
provided in this study, it was concluded that 
kidney involvement in Gaucher patients may be 
monitored by urea and creatinine levels which 
provide a complementary picture about the all 
steps of kidney restoration to normal function 
given that creatinine is more sensitive for 
treatment in the first 6 months of treatment 
while the significant differences in urea level 
become more obvious after the 6 months of 
treatment. 
In conclusion, kidney involvement in Gaucher 
patients can be monitored by urea and 
creatinine levels which provide a 
complementary picture about the all steps of 
kidney restoration to normal function given 
that creatinine is more sensitive for treatment 
in the first 6 months of treatment while the 
significant differences in urea level become 
more obvious after the 6 months of treatment. 
Sodium and potassium levels showed to be 
non-significantly affected by the disease and 
treatment with ERT. 
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