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Abstract

Background: Gaucher disease (GD) type I is the most common type of GD. Its main clinical manifestations are
hepatosplenomegaly as well as bone and hematological abnormalities. The objective of the present study was to
perform a literature review on the growth and metabolism of GD type I patients.

Methods: We searched Pubmed and Scielo.br databases with predetermined study limits: case series (n≥5), clinical
trials, systematic reviews, and meta-analyses, and enzyme replacement therapy (ERT) with alglucerase or
imiglucerase. The outcomes of interest were the following: growth and development, weight, height, malnutrition,
overweight, obesity, basal metabolism, hypermetabolism, insulin resistance, and diabetes. A total of 175 articles
were found, of which 28 met the inclusion criteria; these articles were grouped into three central themes: 1) growth
of children and adolescents before and after ERT; 2) metabolic changes that remained during ERT; and 3) changes
in metabolic status resulting from the treatment.

Results and discussion: The articles included in the present literature review are very heterogeneous, which
hinders the analysis of data. They indicated that GD patients usually show low weight and height before ERT, which
are improved with treatment in children and adolescents. Studies evaluating the energy metabolism by indirect
calorimetry have indicated that the disease is associated with hypermetabolism. In adults, some changes in energy
metabolism remain on ERT, and alterations, such as insulin resistance, seem to be associated with the treatment. It
is not clear which are the required doses of imiglucerase for obtaining an adequate cost-effective relation, as well
as the advisable therapeutic measures to avoid possible long-term adverse effects related to ERT.

Conclusions: ERT tends to normalise the growth of children and adolescents with GD type I, it seems to cause a
partial response in relation to some metabolic changes associated with the disease, and it can causes metabolic
changes such as weight gain in adult patients. Therefore, additional research is necessary.

Keywords: Gaucher Disease, Imiglucerase, Growth, Metabolism
Introduction
Gaucher disease (GD) is an autosomal recessive genetic
disease and one of the most common lysosomal diseases.
GD results from pathogenic mutations of the GBA gene en-
coding the enzyme glucocerebrosidase (acid β-glucosidase),
which is located on chromosome 1q21.31. The absence or
low activity of this enzyme leads to a progressive
* Correspondence: idadschwartz@gmail.com
1Post Graduation Program in Medical Sciences, Universidade Federal do Rio
Grande do Sul (UFRGS), Porto Alegre, Brazil
3Medical Genetics Service, Hospital de Clínicas de Porto Alegre (HCPA), Rua
Ramiro Barcelos, 2350, CEP: 90035-903, Porto Alegre, RS, Brazil
Full list of author information is available at the end of the article

© 2013 Doneda et al.; licensee BioMed Centra
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
accumulation of its substrate (glucocerebroside) and hence
causes the clinical manifestations of the disease [1].
GD is a pan-ethnic disease and its worldwide preva-

lence is 1 in 50,000-100,000; however, it can be as high
as 1 in 850 in individuals of Ashkenazi heritage [2]. The
most frequent pathogenic mutations in the GBA gene
are p.N370S (c.1226A>G) and p.L444P (c.1448T>C) [3].
The clinical variability found in patients with GD is
related to the type of mutation in the GBA gene and to
the proteins, substrates and metabolism of each individ-
ual, as well as environmental factors; yet, many of these
factors are not completely known.
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The medical literature classifies GD into three broad
phenotypic categories: a) type I (OMIM #230800), also
referred to as adult or non-neuronopathic GD, which is
the most common type, characterised by the presence of
visceral (hepatosplenomegaly), bone involvement and
hematologic symptoms (anaemia and thrombocytopenia),
and the absence of significant neurological impairment.
Although it is referred to as adult GD, 66% of patients are
diagnosed before the age of 20 [4]; b) type II (OMIM
#230900), or acute neuronopathic form, has very early
clinical manifestations and significant neurological impair-
ment; c) type III (OMIM #231000), or sub-acute
neuronopathic form, is similar to type II, but less se-
vere. It is estimated that less than 5% of patients with
GD has type II or III GD [5].
For many years, GD was treated with symptomatic

therapies and palliative measures such as splenectomy.
Since the 90s, however, enzyme replacement therapy
(ERT) has been the gold standard treatment. Initially,
ERT with alglucerase was used. Afterwards (1998), the
emergence of ERT with imiglucerase (Genzyme Corpor-
ation, Allston, MA) led to improvements in the quality
of life of GD patients [6]. The response to ERT differs
according to: a) type of GD (type I or III); b) initial
degree of involvement; and c) affected organs. In general,
the best response is obtained in the hematological and
visceral parameters. Some aspects of the bone disease, such
as osteonecrosis, osteofibrosis, and lytic lesions, cannot be
reversed. Nevertheless, early initiation of treatment reduces
the risk of these irreversible complications [2].
The metabolic status of patients with GD type I has

improved with ERT. However, because of its rarity, few
large studies have been performed to specifically assess
the strength of data highlighting the benefits and limita-
tions of ERT in patients diagnosed in childhood and
monitored through adulthood. Therefore, the objective
of the present study was to review the literature about
the nutritional and metabolic status of patients with GD
type I. Our initial hypotheses were: 1) there is high
prevalence of low weight and height in non-treated pa-
tients; 2) ERT has a beneficial effect on these parame-
ters, which is dose-dependent, but may not completely
normalise them; 3) ERT does not fully resolve some of
the metabolic disorders of GD; and 4) ERT may as well
affect other parameters related to energetic metabolism.

Material and methods
All steps of this literature review were performed by one
of the authors of the present article (DD). Inclusion cri-
teria were established based on: a) type of study: case
series (prospective and retrospective, cross-sectional or
longitudinal, controlled or not controlled, only if n≥5),
clinical trials, systematic reviews, and meta-analyses;
b) population: patients with GD type I; c) intervention:
ERT with imiglucerase or alglucerase; and d) outcomes:
growth and development, weight, height, malnutrition,
overweight, obesity, basal metabolism, hypermetabolism,
insulin resistance, and diabetes. Studies addressing
specific nutritional deficiencies (e.g. iron, vitamin D, and
B12) were not included in this review.
The electronic search was performed using Pubmed/

Medline and the Scientific Electronic Library Online
(scielo.br). Pubmed/Medline was searched using the fol-
lowing search strategy: Gaucher disease AND (nutrition
OR growth OR anthropometry OR malnutrition OR nu-
tritional status OR REE OR resting energy expenditure
OR calorimetry OR body composition OR insulin resist-
ance OR type II diabetes OR overweight OR obesity OR
calorimetry, indirect OR resting metabolic rate OR energy
metabolism OR indirect calorimetry OR basal metabolic
rate OR basal metabolism OR metabolic status) NOT
Gaucher[Author] Filters activated: Abstract available,
Humans, English, French, Italian, Portuguese, Spanish
and studies published until October 2012. As a result,
165 studies were retrieved. The search in Scielo.br was
performed using the term “Gaucher disease” including
studies published until October 2012; as a result, 10
additional studies were retrieved.
The abstracts of 175 studies were then reviewed, but only

33 met the inclusion criteria and were analysed (142 were
excluded). Based on the review of their bibliographical ref-
erences, two additional studies [7,8] were identified and
included in the present literature review. Thus, 35 articles
were read entirely; seven of them were later excluded:
although they referred to the nutritional parameter studied,
they did not present the specific corresponding data or
analysed data from patients with Gaucher type I and III
jointly. Twenty-eight papers were included in the present
literature review. The description of the search results is
shown in Figure 1.

Results
The 28 studies included in our review were very heteroge-
neous. In addition, most of them included a small sample
and were retrospective and non-controlled (Tables 1 and
2). According to their focus, the selected studies were
grouped considering three aspects of the disease: 1) devel-
opment of children and adolescents during pre- and post-
ERT periods (n=17); 2) abnormalities in energy metabolism
that remained during ERT (n=10); and 3) abnormalities in
metabolic status arising after ERT (n=2, with one of them
[9] also providing data related to the aspect of energy
metabolism).

Growth of children and adolescents in the pre- and post-
ERT periods
The growth of children and adolescents with GD type I has
been monitored by researchers from different countries.



Search strategy

Studies excluded after the reading of 
abstract: 142
1. Type of study: 81

a. Case report (n<5): 25
b. In-vitro studies: 33
c. Non-systematic review: 23

2. Type of disease: 5
a. GD type III: 5

3. Type of treatment: 7
a. Miglustate: 5
b. Velaglucerace alfa 2

4. Type of outcomes: 49
a. No outcome of interest: 49

Studies identified in 
the references: 2

Studies read entirely: 35
(33 of search strategy + 2 reference)

Studies excluded after the reading 
of the complete paper*: 7
•

•

•

Aimed at the assessment of body 
composition related to bone 
metabolism: 1
Addressed the issue of growth, but 
without nutritional parameters: 2
Data of patients with type I and III 
analyzed together: 4

Studies included in the review: 28

Studies identified: 175
(Pubmed: 165 + Scielo: 10) 

Figure 1 Diagram of the search strategy used in this review (for further details, see section Material and Methods). *did not meet the
inclusion criteria.
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They have observed a high prevalence of underweight and
reduced height in children and adolescents with GD type I
before ERT (Table 1) [8,10-22]. Ten of these studies have
compared the basal data with different periods of ERT:
when the same study presented data of different times, we
considered the data of the first evaluation after the
beginning of ERT (Table 1).
One study conducted in South Africa (n=9) analysed

the efficacy of low doses of imiglucerase (±10 UI/kg every
2 weeks): weight and height were assessed at the begin-
ning and at the end of the follow-up period. Results
showed the number of kilograms and centimetres gained
by patients after each year of follow-up: patients grew a
mean of 5.6 cm per year and their weight increased
significantly over time at a mean of 3.9 kg per year [28].
A study including children with GD in Spain (n=19)

associated growth with the levels of insulin-like growth
factor (IGF) before and after ERT. Before ERT, there was
a positive correlation between the standard deviation of
height and that of the IGF-I and IGF binding protein 3
(IGFBP-3). One year after initiating ERT, IGF-I and
IGFBP-3 levels were normalised [29].

Growth and evolution without treatment
Two studies performed in Israel [14,30] assessed growth
and pubertal development in treated and untreated pa-
tients. The first study found that growth deceleration in
untreated patients occurred from 3–5 years old and that
height decreased significantly in later childhood. How-
ever, at the end of the growth period, the difference be-
tween the achieved final height and the target height
was not significant, even considering the presence of
pubertal development delay in 60% of patients, regard-
less of the patient being or not on ERT. Delayed growth
and puberty were more frequent in patients with more
severe disease types [14]. The second study compared
mean and standard deviation of height and weight in
two groups (untreated: n=34; treated: n=29) at baseline
and after three years of follow-up. The mean of z-score
of untreated patients at baseline and at the end of
the follow-up were respectively: height=−0.39; -0.38;
weight=+2.30; +4.83; and the mean of treated patients at
baseline and the end of follow-up were: height=−1.18;
-0.60; weight=−0.84; -0.25. The authors have not speci-
fied the number or percentage of patients with growth
retardation [30].

GD metabolic disorders which remain during ERT
Four studies assessed the basal metabolic rate (BMR) of
GD patients by indirect calorimetry. The first of these
studies was conducted by Barton et al. [31], who
assessed BMR in 25 untreated patients with GD type I
and 92 healthy controls. The BMR of patients and
controls was compared to the predictive equation of
Harris-Benedict. The BMR of controls was 5%, while
that of patients was 44% higher than the BMR predicted
by the equation. The second study was conducted by
Corssmit et al. [23], who assessed BMR in seven un-
treated adult patients with GD type I and seven healthy
controls: patients showed BMR approximately 24%
higher than that of controls. In the third study, Hollak
et al. [24] continued the study conducted by Corssmit,
in which the BMR of the seven patients was reviewed
after 6 months of treatment with alglucerase. By



Table 1 Summary of weight and height in the pre- and post-enzyme replacement therapy (ERT) in children and adolescents with Gaucher disease type I

Before enzyme replacement therapy After enzyme replacement therapy

Country Authors Sample <18
years (n)

Mean age at
diagnosis or

presentation (yo)

Mean age at
baseline or

evaluation (yo)

Low weight
(<p5) (%)

Low height
(<p5) (%)

Growth
retardation

(%)

Sample <18 years
at the beginning

of ERT (n)

Time
on ERT
(years)

Mean
dosage of

imiglucerase

Improved percentile
or z-score of
height (%)

Japan Ida et al.
[10]

19 2.7 7.4 10 74 74 - - - -

Canada MacKenzie
et al. [11]

15 - - - - 47 - - - -

ICGGa Kaplan et al.
2006 [12]

496 - - - 34 - - - - -

Tunisia BenTurkia
et al. [13]

11 4.2 8.2 - - 36 - - - -

Albania Shehi et al.
[8]

8 - - - - 25 - - - -

Israel Kauli et al.
[14]

30 - 5.1 - - 63b 11/30 1-7 30 UI/kg/mod -e

Romania Grigorescu
et al. [15]

6 7.9 14.5 - 33 - 6/6 1.5 45 UI/kg/inf -f

Israel Zevin et al.
[16]

30 5.6 9.9 27 33 33 6/30 1 30 UI/kg/mo 50

Italy Bembi et al.
[17]

6 - 10.2 50 50 - 6/6 1.1 43 UI/kg/mo 50

USA Kaplan et al.
[18]

18 4.5 - - 50 50 18/18 1 48 UI/kg/inf 71

ICGGa Kaplan et al.
[18]

81 6.6 - - 48 48 36/81 1.5 - 64

Brazil Oliveira
et al. [19]

13 5.8 - 15c 36c - 13/13 - - 55

Argentina Drelichman
et al. [20]

5 5.2 6.2 60 60 80 5/5 1.2 - 80

Brazil Sobreira;
Bruniera
[21]

41 - - - 46c - 41/41 2 35 UI/kg/inf 77

ICGGa Andersson
et al. [22]

702 - - - 42 - 702/702 8 39 UI/kg/inf -g

Yo= years old; ICGG= International Collaborative Gaucher Group.
a- Anderson et al. 2008 included the patients of the study by Kaplan et al. 2006 and 1996.
b- 63% of patients with growth retardation in childhood (19/30).
c- Less than or equal to score 2 standard deviation.
d- The patients received 2.3 U/kg 3 times weekly, i.e., 30 U/kg/month. In children whose bone disease had worsened, the dose was increased to 30 U/kg every 2 weeks.
e- The authors showed the mean of standard deviation score for the height of the group without the individual patients’ data, but noted that the growth velocity gradually increased.
f -The authors reported that the patients normalised their growth, however did not show the corresponding data.
g -The median height z-score for the study population was −1.4 at baseline and improved to −0.3 after 8 years of ERT, similar to the median for normal population.
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Table 2 Gaucher disease: summary of the metabolic abnormalities described in treated and untreated patients

Authors Country Sample Study objective Results

Corssmit et al.
1995 [23]

The
Netherlands

7 untreated patients and 7 healthy
controls

Assessing the metabolism of glucose
and fatty acids

After continuous infusion of [3-3H] glucose, basal glucose production was
approximately 30% higher in patients than in controls, while insulin concentration
was also slightly higher in patients. The differences in basal glucose production
were not associated with the concentration of plasma insulin or other
glucoregulatory hormones.

Hollak et al.
1997 [24]

The
Netherlands

7 pre- and post-ERT patients and 7
healthy controls

Evaluating the effect of ERT on the
clinical and metabolic parameters

Continuation of Corssmit’s study and reassessment of parameters after 6 months
of ERT. Increased basal glucose production persisted even with the use of ERT.
Patients gained weight in this period.

Langeveld et al.
2007 [25]

The
Netherlands

26 pre- and post-ERT patients and 26
healthy controls

Comparing serum adiponectin before
and during treatment

GD disease patients showed reduced levels of adiponectin. There was no
correlation between the levels of adiponectin, glucose, and insulin. After ERT, the
levels of adiponectin increased, but remained below those of the controls.

Langeveld et al.
2008 [26]

The
Netherlands

6 patients (3 on ERT and 3 untreated)
and 6 healthy controls

Studying the influence of
glycosphingolipids storage in the
metabolism of glucose and fatty acids.

At basal state, the levels of glucosylceramide and ganglioside GM3 in plasma
were higher in patients than in controls. IMGU was lower in patients (n=5) than
in controls. The suppression of lipolysis by insulin was observed to be less
effective in patients with GD.

Groener et al.
2008 [7]

The
Netherlands

Baseline: 27 patients, 15 pre- and post-
treatment (13 in ERT and 2 in SRT) and
16 control subjects

Determining the levels of
glucosylceramide and ceramide

At basal state, 27 patients were compared with 16 controls and showed
glucosylceramide levels greater than three times that of the controls, while the
ceramide levels were observed to be slightly lower. Regarding the basal state,
patients showed a significant decrease in glucosylceramide levels and a slight
increase in ceramide levels A partial normalization of glucosylceramide levels was
observed over 72 months.

Ghauharali- van
der Vlugt et al.
2008 [27]

The
Netherlands

40 treated patients and 30 healthy
controls

Determining ganglioside GM3 in plasma Glucosylceramide and ganglioside GM3 concentrations in plasma were
significantly higher than those observed in the controls. Also, the concentrations
found for splenectomised patients were higher than those of non-
splenectomised patients. In comparison with non-splenectomised patients, the
referred concentrations were higher in splenectomised patients. Plasma
concentrations of ganglioside GM3 have significantly correlated with plasma
chitotriosidase activity, the severity of the disease and hepatomegaly.

Ucar et al.
2009 [9]

Turkey 14 patients undergoing ERT (not
overweight) and 14 healthy controls

Assessing insulin resistance in ERT
patients (not overweight).

One patient had insulin resistance. The difference between the median glucose of
patients (114±5 mg/dL) and that of the post-load controls (103±15.7 mg/dL) was
significant. Insulin levels were significantly higher in patients than in controls.
Triglycerides and fatty acids were also higher in patients with GD. High insulin
levels were positively correlated with free fatty acids, triglycerides, and severity
score.

GD- Gaucher disease; ERT- Enzyme Replacement Therapy; IMGU- insulin mediated glucose uptake; SRT- Substrate Reduction Therapy.
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comparing the measured BMR values – as predicted by
the equation of Harris-Benedict in the pre-treatment
period – it was found that they were 29% higher than
the expected and, after 6 months of treatment, it
remained 20% higher. Finally, in a study involving
Brazilian patients, whose mean time of ERT with imiglu-
cerase was 5 years (n=12), it was found that BMR was
27% higher than that of healthy controls [32].
In addition to energy expenditure, other aspects of

metabolism were evaluated by other studies, especially
regarding glucose metabolism and insulin resistance
during pre- and post-treatment periods. A summary of
these studies is shown in Table 2 [7,9,23-27].
Abnormalities arising during ERT
A study conducted by Hollak et al. [24] comparing data
from pre- and post-ERT periods and involving seven
adult patients showed that six of them had gained
weight after 6 months of treatment (mean 1.7 kg).
Langeveld et al. [33] reported changes in the metabolic
status of adult patients undergoing ERT. The study in-
cluded the follow-up of 42 patients – 35 of them were
on ERT – and investigated the relationship between
ERT and weight gain, insulin resistance, and type 2 dia-
betes mellitus (type 2 DM). Before ERT, there were 16%
of overweight, the median BMI was 23.3 kg/m2, and no
case of type 2 DM was found. After ERT was initiated,
the median BMI increased to 25.7 kg/m2, the prevalence
rate of type 2 DM went up to 8.2%, and insulin resist-
ance and overweight rates were respectively 6% and 56%.
The untreated patients (n=7) showed initial overweight
rate of 14% and, after 8 years, there was a 57% preva-
lence rate; no cases of insulin resistance or type 2 DM
were reported. A study in Turkey evaluated insulin re-
sistance in ERT patients with GD and without over-
weight (n=14), and showed that they had higher levels of
fasting insulin, post-load glucose and insulin when com-
pared to controls. Elevated insulin levels in GD type I
patients were positively correlated with free fatty acid,
triglyceride, and severity score [9].
Discussion
The studies found in the present review were very het-
erogeneous: many analyzed data from patients with GD
type I and III, or children/adolescents and adults jointly,
for instance. It was therefore necessary to reanalyse the
data presented in the original tables focusing only on the
outcomes of interest. In some cases, the studies did not
show complete data regarding treatment, not including
dose, treatment duration, or type of treatment used. In
addition, most of them had small sample size and were
retrospective and cross-sectional studies, what certainly
limited our conclusions.
Growth of children and adolescents in the pre- and post-
ERT periods
The results of the studies were presented in a very differ-
ent manner: most did not specifically addressed growth-
related variables (weight and height), mentioning only
one of them (Table 1). Furthermore, several different
units of measure were used to show the results:
percentile [18], z-score [10,13-15,21,22,30], increase in
centimetres or kilograms [28]. Regarding patients' age
(Table 1), some researchers collected this variable during
the diagnostic period and others during the beginning of
the treatment, some used the mean age, whereas others
worked with age groups [12,14,22], and others presented
tables from which data of interest were collected
[11,15-17,20]. Thus, comparisons among the studies
could not be made.
The studies showed that untreated children and ado-

lescents had both weight and height below the expected
rates for their ages. In addition, when there were early
clinical manifestations of the disease, GD was often
more severe and growth rates were even more impaired.
In general, the studies indicated that ERT had a very
positive effect on the growth of children and adoles-
cents, causing a catch-up and a significant improvement
in z-score indexes of weight and height. Yet, it was un-
clear whether the group of patients with GD, as well as
their improved indexes, could fully meet the expecta-
tions of growth based on their genetic heritage. In this
regard, attention should also be devoted to children and
adolescents who apparently have a proper growth level,
given that it may be below the growth expected for their
age when compared to the height of their parents [14,34].
In addition to weight deficit, we also observed that ad-

olescents with GD type I had pubertal development
delay [14]. At first, the treatment led to resumption of
optimal growth levels and adjustment to the different
stages of puberty [34]. It was also suggested that growth
retardation could be related to changes in the IGF axis
of untreated children and adolescents [29]. Considering
the heterogeneity of the disease, it is very important that
researches aimed at a better understanding of the factors
that interfere with the metabolism of patients continue
to be conducted.
The studies did not fully determine the necessary

amount of enzyme for the optimum development of
children and adolescents: some researchers have shown
good results with low doses, whereas others have dem-
onstrated good results with high-dose regimens; how-
ever, they have not clarified the severity score and the
patients’ age at the beginning of the treatment. Since
ERT is an expensive treatment, it is crucial that patients
are monitored by a multidisciplinary team – preferably
in reference centres, for the adequate identification of
the lowest sufficient dose to reverse the current
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symptoms and prevent possible damages. Furthermore,
it is important to point out that the clinical outcome of
patients found in studies in the past two decades may
have been influenced by other factors besides the treat-
ment with ERT, such as better nutritional intake.

Growth and evolution without treatment
According to studies conducted in Israel [14,16,30], de-
layed pubertal development in patients with untreated
GD did not interfere with their growth target. Therefore,
it seems possible that patients with mild GD may have
adequate development without treatment. In agreement
with the initial hypotheses and according to all the stud-
ies reviewed, we found that: 1) the prevalence of low
weight and height is high in untreated patients from dif-
ferent countries; 2) ERT has beneficial effects on these
parameters; however, it was not possible to determine
whether it can effectively normalise them, since the
studies compared the patients’ growth with the popula-
tion’s growth instead of comparing it with their target of
growth based on their parents' height; such evaluation
was only assessed in the study by Kauli et al. [14];
3) some patients could reach their target growth even
without treatment [14,16,30]; and 4) in relation to the
dose required for adequate development, there seems
not to be a consensus on the fact that higher doses are
more effective in solving growth problems: one study
has found good results with low doses [28], whereas an-
other one has showed that the results are dose-
dependent and more severe patients require a greater
amount of enzyme [18]. Further studies may clarify this
aspect of growth in patients with GD type I.

Metabolic disorders of GD that ERT cannot revert
Studies evaluating the energy metabolism of patients
using indirect calorimetry have suggested that the dis-
ease causes hypermetabolism [23,24,31,32], which would
be responsible for inadequate growth in untreated
children and adolescents. At first, this hypermetabolism
is not observed in other lysosomal diseases with
hepatosplenomegaly [31]. After 6 months of ERT, a
small decrease in energy expenditure was observed in
the seven patients evaluated before and after ERT [24].
However, these patients with BMR 30% higher than the
one estimated by the equation remained with 20% above
the expected. This result is consistent with that found by
Doneda et al. [32], whose patients, continued to have
higher BMR than their controls after 5 years of ERT
with imiglucerase, hence indicating that the treatment
could not normalise the energy expenditure of patients
with GD. Langeveld et al. [35] evaluated whether the
hypermetabolism of patients participating in the re-
search conducted by Corssmit [23] and Hollak [24] was
associated with thyroid disease; no associations were
found between these variables. Despite some hypothesis
on the relation between hypermetabolism and GD, it re-
mains unclear.
Patients with GD showed impaired glucose metabol-

ism [23,24]. In addition, when compared to controls, the
following changes were found in GD patients undergo-
ing ERT: lower plasma adiponectin levels [25], higher
levels of glucosylceramide in patients than in baseline
controls [7,26], partial normalisation of glucosylceramide
levels after 72 months of treatment [7], higher levels of
post-load glucose, insulin, triglycerides, and fatty acids
[9], and greater concentration of ganglioside GM3 in
plasma [26,27]. These changes have indicated that, des-
pite the efficacy of the treatment in solving some mani-
festations of the disease, it has not been as effective in
treating certain metabolic changes. The hypothesis pro-
posed in the present review that ERT shows limitations
in solving some GD metabolic problems seems to be
corroborated by the studies analysed; therefore, further
studies and longer follow-up periods may contribute to
better understanding both the mechanism of the disease
and its evolution.

Abnormalities associated with ERT: overweight, insulin
resistance, and type 2 DM
A study conducted by Langeveld et al. [33] in the
Netherlands, with a cohort of 49 patients, identified a
higher percentage of patients with type 2 DM and over-
weight after some years of ERT. The development of
type 2 DM may be related to the several changes found
in the glucose metabolism of patients with GD.
The prevalence of overweight was not different from

that observed in studies involving the general popula-
tion; yet, overweight onset was quite different: GD pa-
tients started presenting lower levels of weight when
ERT was initiated (even considering organomegalies).
Hence, weight gain was more significant than in the
general population. According to the author, one of the
reasons for this finding was that ERT reduced the
hypermetabolism of GD, but without the proportional
adjustment of energy intake by patients, thus resulting
in a higher level of weight gain. Regarding children and
adolescents, this caloric difference would be directed to
growth and would explain why they have not shown
the same trend of overweight observed in adults
undergoing ERT.
According to a study conducted by Ucar et al. [9], it is

possible that patients with more severe GD have a re-
duction in insulin sensibility and a greater tendency to
develop type 2 DM, even without being overweight.
Additional studies with larger numbers of patients and
other populations are needed to verify this hypothesis.
Another consideration relates to differences in param-

eters due to age at the beginning of treatment: it is



Doneda et al. Nutrition & Metabolism 2013, 10:34 Page 8 of 9
http://www.nutritionandmetabolism.com/content/10/1/34
possible that the adverse effects observed in patients
who started ERT in an older age are different from those
who started treatment at an early age. There is no con-
sensus about the dose required to achieve a cost-
effective adequate and therapeutic measures advisable to
avoid possible long-term adverse effects, such as weight
gain and insulin resistance, as described in some studies.
Currently, this information is even more relevant as new
enzymes have been approved, and it is important that
doctors and patients have consistent information about
each of them in order to choose the best treatment.

Conclusions
Most studies have not specifically addressed growth and
metabolism and GD. Nevertheless, several studies have
dealt with this topic, especially regarding the growth re-
tardation rate of children and adolescents and the de-
layed puberty in untreated adolescents. Although some
changes in metabolism remained, ERT contributed to
normalise the development of children and adolescents.
Studies have also shown that some patients with milder
disease may have adequate growth without treatment.
As for adults, ERT seemingly causes weight gain, insulin
resistance, and development of type 2 DM.
According to the available literature, it is not possible

to determine if hypermetabolism is a characteristic of
GD, if it is caused by factors also found in other chronic
diseases, or even if it correlates with the severity of the
clinical manifestations of patients, which has an impact
on the establishment of the prognosis or management.
We believe that further studies, especially controlled and
longitudinal studies including an adequate sample size,
are needed to address these gaps in knowledge.

Abbreviations
GD: Gaucher disease; Type 2 DM: Type 2 Diabetes Mellitus; BMR: Basal
Metabolic Rate; BMI: Body Mass Index; ERT: Enzyme Replacement Therapy;
ICGG: International Collaborative Gaucher Group Registry.

Competing interest
All authors confirmed that there are no conflicts of interests to declare.

Authors’ contributions
DD developed the search strategy, reviewed the articles, and drafted the
manuscript. CCM, CBN read the manuscript and suggested changes to its
organisation. IVDS supervised all stages of research, presentation, and
revision of the manuscript. All authors read and approved the final
manuscript.

Acknowledgments
We are grateful to the post-graduate program in Medicine: Medical Sciences,
School of Medicine, Universidade Federal do Rio Grande do Sul (UFRGS), the
staff of the “Centro de Referência Estadual para diagnóstico,
acompanhamento e tratamento dos pacientes com doença de Gaucher do
Rio Grande do Sul” (State Reference Centre for diagnosis, monitoring and
treatment of patients with Gaucher disease in Rio Grande do Sul) Brazil and
the FIPE/HCPA.

Author details
1Post Graduation Program in Medical Sciences, Universidade Federal do Rio
Grande do Sul (UFRGS), Porto Alegre, Brazil. 2Laboratory L.T.D, COMGRAD
Nutrition, Medical School, UFRGS, Porto Alegre, Brazil. 3Medical Genetics
Service, Hospital de Clínicas de Porto Alegre (HCPA), Rua Ramiro Barcelos,
2350, CEP: 90035-903, Porto Alegre, RS, Brazil. 4Centre for Studies in Food
and Nutrition (CESAN), HCPA/UFRGS, Porto Alegre, Brazil. 5Laboratory B.R.A.I.
N, HCPA/UFRGS, Porto Alegre, Brazil. 6Genetics Department, UFRGS, Porto
Alegre, Brazil.

Received: 13 December 2012 Accepted: 22 March 2013
Published: 9 April 2013
References
1. Pastores GM, Weinreb NJ, Aerts H, Andria G, Cox TM, Giralt M, Grabowski

GA, Mistry PK, Tylki-Szymanska A: Therapeutic Goals in the Treatment of
Gaucher Disease. Semin Hematol 2004, 41(5):4–14. 4.

2. Mistry PK, Cappelini MD, Lukina E, Özsan H, Pascual SM, Rosembaum H,
Solano MH, Spigelman Z, Villarrubia J, Watman NP, Massenkeil G:
Consensus Conference: A reappraisal of Gaucher disease – diagnosis and
disease management algorithms. Am J Hematol 2011, 86(1):110–115.

3. Hruska KS, LaMarca ME, Sidransky E: Gaucher Disease: Molecular Biology
and Genotype-Phenotype Correlations. In Gaucher disease. Edited by
Futerman AH, Zimran A. Boca Raton: CRC Taylor & Francis; 2007:13–48.

4. Grabowski GA, Andria G, Baldellou A, Campbell PE, Charrow J, Cohen IJ,
Harris CM, Kaplan P, Mengel E, Pocovi M, Vellodi A: Pediatric non-
neuronopathic Gaucher disease: presentation, diagnosis and assessment.
Consensus statements. Eur J Pediatr 2004, 163:58–66.

5. Grabowski GA: Gaucher disease: lessons from a decade of therapy.
J Pediatr 2004, 144:S15–9.

6. Mistry PK, Abrahamov A: A practical approach to diagnosis and
management of Gaucher’s disease. Bailliers Clin Haematol 1997, 10:817–38.

7. Groener JEM, Poorthuis BJHM, Kuiper S, Hollak CEM, Aerts JMFG: Plasma
glucosylceramide and ceramide in type 1 Gaucher disease patients:
Correlations with disease severity and response to therapeutic
intervention. Biochim Biophys Acta 2008, 1781(1–2):72–8.

8. Shehi B, Boçari G, Vyshka G, Xhepa R, Alushani D: Gaucher's Disease in
Albanian Children: Casuistics and Treatment. Iran J Pediatr 2011, 21(1):1–7.

9. Ucar SK, Coker M, Argin M, Akman S, Kara S, Simsek DG, Darcan S: A cross-
sectional, mono-centric pilot study of insulin resistance in enzyme
replacement therapy patients with Gaucher Type I without overweight.
Mol Genet Metab 2009, 96(1):50–51.

10. Ida H, Rennert OM, Ito T, Maekawa K, Eto Y: Type 1 Gaucher disease:
phenotypic expression and natural history in Japanese patients. Blood
Cells Mol Dis 1998, 24(1):73–81.

11. MacKenzie JJ, Amato D, Clarke JT: Enzyme replacement therapy for
Gaucher's disease: the early Canadian experience. CMAJ 1998,
159(10):1273–8.

12. Kaplan P, Andersson HC, Kacena KA, Yee JD: The clinical an demographic
characteristics of nonneuronopathic Gaucher disease in 887 children at
diagnosis. Arc Pediatr Adolesc Med 2006, 160:603–608.

13. Ben Turkia H, Riaahi I, Azzouz H, Ladab S, Cherif W, Ben Chehida A,
Abdelmoula MS, Caillaud C, Chemli J, Abdelhak S, Tebib N, Ben Dridi MF:
Phenotype and mutational spectrum in Tunisian pediatric Gaucher
disease. Tunis Med 2010, 88(3):158–62.

14. Kauli R, Zaizov R, Lazar L, Pertzelan A, Laron Z, Galatzer A, Phillip M, Yaniv Y,
Cohen IJ: Delayed Growth and Puberty in Patients with Gaucher Disease
Type 1: Natural History and Effect of Splenectomy and/or Enzyme
Replacement Therapy. Isr Med Assoc J 2000, 2(2):158–163.

15. Grigorescu Sido P, Drugan C, Cret V, Al-Kzouz C, Denes C, Coldea C,
Zimmermann A: Outcome of enzyme replacement therapy in patients
with Gaucher disease type I. The Romanian experience. J Inherit Metab
Dis 2007, 30(5):783–9.

16. Zevin S, Abrahamov A, Hadas-Halpern I, Kannai R, Levy-Lahad E, Horowitz
M, Zimran A: Adult-type Gaucher disease in children: genetics, clinical
features and enzyme replacement therapy. Q J Med 1993, 86(9):565–73.

17. Bembi B, Zanatta M, Carrozzi M, Baralle F, Gornati R, Berra B, Agosti E:
Enzyme replacement treatment in type 1 and type 3 Gaucher's disease.
Lancet 1994, 344(8938):1679–82.

18. Kaplan P, Mazur A, Manor O, Charrow J, Esplin J, Gribble TJ, Wappner RS,
Wisch JS, Weinreb NJ: Acceleration of retarded growth in children with
Gaucher Disease after treatment with alglucerase. J Pediatr 1996,
129(1):149–153.



Doneda et al. Nutrition & Metabolism 2013, 10:34 Page 9 of 9
http://www.nutritionandmetabolism.com/content/10/1/34
19. Oliveira MCLA, Oliveira BM, Queirós E, Viana MB: Aspectos clínicos e
nutricionais da doença de Gaucher: estudo prospectivo de 13 crianças
em um único centro. J Pediatr (Rio J) 2002, 78(6):517–522.

20. Drelichman G, Ponce E, Basack N, Freigeiro D, Aversa L, Graciela E, Kohan R:
Clinical Consequences of Interrupting Enzyme Replacement Therapy in
Children with Type Gaucher Disease. J Pediatr 2007, 151:197–201.

21. Sobreira EAP, Bruniera P: Avaliação de dois anos de tratamento da
doença de Gaucher tipo I com terapia de reposição enzimática em
pacientes do estado de São Paulo, Brasil. Rev Bras Hematol Hemoter 2008,
30(3):193–201.

22. Andersson H, Kaplan P, Kacena K, Yee J: Eight-year clinical outcomes of
long-term enzyme replacement therapy for 884 children with Gaucher
disease type 1. Pediatrics 2008, 122(6):1182–90.

23. Corssmit EP, Hollak CE, Endert E, van Oers MH, Sauerwein HP, Romijn JA:
Increased Basal Glucose Production in Type 1 Gaucher’s Disease. J Clin
Endocrinol Metab 1995, 80(9):2653–2657.

24. Hollak CE, Corssmit EP, Aerts JM, Endert E, Sauerwein HP, Romijn JA, van
Oers MH: Differential Effects of Enzyme Supplementation Therapy on
Manifestations of Type 1 Gaucher Disease. Am J Med 1997,
103(3):185–191.

25. Langeveld M, Scheij S, Dubbelhuis P, Hollk CE, Sauerwein HP, Simons P,
Aerts JM: Very low serum adiponectin levels in patients with type 1
Gaucher disease without overt hyperglycemia. Metabolism 2007,
56(3):314–319.

26. Langeveld M, Ghauharali KJ, Sauerwein HP, Ackermans MT, Groener JE,
Hollak CE, Aerts JM, Serlie MJ: Type I Gaucher disease, a glycosphingolipid
storage disorder, is associated with insulin resistance. J Clin Endocrinol
Metab 2008, 93(3):845–851.

27. Langeveld M, Poppema A, Kuiper S, Hollak CE, Aerts JM, Groener JE,
Ghauharali-Van Der Vlugt K: Prominent increase in plasma ganglioside
GM3 is associated with clinical manifestations of type I Gaucher disease.
Clin Chim Acta 2008, 389(1–2):109–13.

28. Heitner R, Arndt S, Levin JB: Imiglucerase low-dose therapy for
paediatric Gaucher disease–a long-term cohort study. S Afr Med J
2004, 94(8):647–51.

29. Rite S, Baldellou A, Giraldo P, Labarta JI, Giralt M, Rubio-Felix D, Guallar A,
Perez-Calvo JI, Mayayo E, Ferrandez A, Pocovi M: Insulin-like growth factors
in childhood-onset Gaucher disease. Pediatr Res 2002, 52(1):109–12.

30. Dweck A, Abrahamov A, Hadas-Halpern I, Bdolach-Avram T, Zimran A,
Elstein D: Type I Gaucher disease in children with and without enzyme
therapy. Pediatr Hematol Oncol 2002, 19(6):389–97.

31. Barton DJ, Ludman MD, Benkov K, Grabowski GA, LeLeiko NS: Resting
Energy Expenditure in Gaucher’s Disease Type 1: Effect of Gaucher’s Cell
Burden on Energy Requirements. Metabolism 1989, 38(12):1238–1243.

32. Doneda D, Lopes AL, Oliveira AR, Netto CB, Moulin CC, Schwartz IV:
Gaucher disease type I: Assessment of basal metabolic rate in patients
from southern Brazil. Blood Cells Mol Dis 2011, 46(1):42–46.

33. Langeveld M, de Fost M, Aerts JM, Sauerwein HP, Hollak CE: Overweight,
insulin resistance and type II diabetes in type I Gaucher disease patients
in relation to enzyme replacement therapy. Blood Cells Mol Dis 2008,
40(3):428–32.

34. Charrow J, Esplin JA, Gribble TJ, Kaplan P, Kolodny EH, Pastores GM, Scott
CR, Wappner RS, Weinreb NJ, Wisch JS: Gaucher Disease
Recommendations on Diagnosis, Evaluation, and Monitoring. Arch Intern
Med 1998, 158(16):1754–1760.

35. Langeveld M, Endert E, Wiersinga WM, Aerts JM, Hollak CE:
Hypermetabolism in Gaucher disease type I is not associated with
altered thyroid hormone levels. J Inherit Metab Dis 2007, 30(6):985.

doi:10.1186/1743-7075-10-34
Cite this article as: Doneda et al.: Effects of imiglucerase on the growth
and metabolism of Gaucher disease type I patients: a systematic review.
Nutrition & Metabolism 2013 10:34.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results and discussion
	Conclusions

	Introduction
	Material and methods
	Results
	Growth of children and adolescents in the pre- and post-ERT periods
	Growth and evolution without treatment
	GD metabolic disorders which remain during ERT
	Abnormalities arising during ERT

	Discussion
	Growth of children and adolescents in the pre- and post-ERT periods
	Growth and evolution without treatment
	Metabolic disorders of GD that ERT cannot revert
	Abnormalities associated with ERT: overweight, insulin resistance, and type 2 DM

	Conclusions
	Abbreviations
	Competing interest
	Authors’ contributions
	Acknowledgments
	Author details
	References

