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Abstract
Background—In Gaucher disease (GD), acid-β-glucosidase (GBA1) gene mutations result in
defective glucocerebrosidase and variable combinations of hematological, visceral, and diverse
bone disease. Osteopenia is highly prevalent, but its age of onset during the natural course of GD
is not known. It is also unclear if the degree of improvement in osteopenia, secondary to
imiglucerase enzyme therapy, differs by the age of the patient.

Objective—We hypothesized that osteopenia develops early in life, during the natural course of
type 1 Gaucher disease (GD1), and that its response to treatment is maximal during this period.

Methods—We examined data from the International Collaborative Gaucher Group (ICGG)
Gaucher Registry of patients treated with imiglucerase between the ages of 5 and 50 years.
Lumbar spine bone mineral density (BMD) (determined by dual-energy X-ray absorptiometry
(DXA) and expressed as Z-scores) at baseline and for up to 10 years on imiglucerase were
analyzed in children (ages≥5 to <12 years), adolescents (≥12 to <20 years), young adults (≥20 to
<30 years), and older adults (≥30 to <50 years). BMD was correlated with other disease
characteristics. Pre-treatment, descriptive statistics were applied to 5-year age categories. Non-
linear mixed effects regression models were used to analyze DXA Z-scores over time after
treatment with imiglucerase.
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Results—Pre-treatment, low BMD was prevalent in all age groups, most strikingly in
adolescents. DXA Z-scores were at or below −1 in 44% of children (n=43), 76% of adolescents
(n=41), 54% of young adults (n=56) and 52% of older adults (n=171). The most common GBA1
genotype was N370S heteroallelic. Baseline hematological and visceral manifestations in the 4 age
groups were similar. In children with DXA Z-scores ≤−1 at baseline, imiglucerase therapy for 6
years resulted in improvement of mean DXA Z-scores from −1.38 (95% CI −1.73 to −1.03) to
−0.73 (95% CI −1.25 to −0.21); in young adults DXA Z-scores improved from −1.95 (95% CI
−2.26 to −1.64) to −0.67 (95% CI −1.09 to −0.26). BMD also improved in older adults, but the
magnitude of the improvement was lower compared to younger patients.

Conclusions—Low bone density is common in GD1 with the highest prevalence rate in
adolescence, a developmental period critical to attainment of peak bone mass. Imiglucerase results
in amelioration of osteopenia in all age groups, with the greatest improvements in younger
patients.
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Introduction
In Gaucher disease (GD), the most common lysosomal storage disease, mutations in acid β-
glucosidase (GBA1), the gene encoding lysosomal gluococerebrosidase, result in defective
lysosomal glucocerebrosidase and widespread accumulation of glycolipid-laden
macrophages. The resulting phenotype is diverse involving hepatomegaly, splenomegaly,
thrombocytopenia, anemia, complex skeletal disease and decreased health-related quality of
life. GD is a progressive disease and may lead to shortened life-expectancy [1] and
debilitating complications. Three broad categories of GD are recognized: type 1 (non-
neuronopathic), traditionally characterized by the absence of neurodegenerative disease
typically found in types 2 and 3 of the disease, accounts for 94% of all cases.

In the skeleton, bone marrow infiltration with glucocerebroside-laden macrophages, known
as Gaucher cells, occurs in the majority of the patients. The presence of Gaucher cells leads
directly or indirectly to local, focal or generalized skeletal pathology. Clinically important
bone manifestations of GD include severe acute “bone crises” (acute avascular
osteonecrosis), medullary infarction, chronic pain, cortical and trabecular osteopenia,
osteoporosis, osteolytic lesions, pathologic fractures, and growth failure in children. Nearly
100% of patients exhibit symptomatic or imaging evidence of 1 or more of these skeletal
manifestations at diagnosis [2]. Many patients exhibit an Erlenmeyer flask deformity
suggesting that there is defective bone remodeling in GD [2,3]. Osteopenia affects nearly
65% of type 1 Gaucher disease (GD1) patients in the International Collaborative Gaucher
Group (ICGG) Gaucher Registry [2]. Osteopenia is reportedly worse in splenectomized
patients and in those with GBA1 genotypes that are associated with clinically more severe
phenotypes [4].

Enzyme replacement therapy with macrophage-targeted recombinant glucocerebrosidase,
imiglucerase (Cerezyme®, Genzyme Corporation), has been administered to more than 4500
patients worldwide [5]. Imiglucerase therapy reverses hematological and visceral disease,
reverses marrow infiltration, reduces incidence of avascular osteonecrosis, and improves
health-related quality of life indicators [6]. Improvement in the osseous skeleton in response
to imiglucerase occurs more slowly and incompletely compared to visceral and
hematological responses [7]. Nevertheless, adult GD1 patients treated with imiglucerase
showed a dose-dependent amelioration of osteopenia [7]. The extent of osteopenia at
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different ages in GD1 patients, or the magnitude of its response to imiglucerase enzyme
therapy, has not been published or studied.

This study investigated the hypothesis that osteopenia develops early in life during the
natural course of GD1 and that the response to treatment is maximal during this period. We
tested our hypothesis in the largest global disease registry for a lysosomal storage disease,
the ICGG Gaucher Registry, using bone mineral density (BMD) measurements over 10
years of follow-up.

Materials and methods
International Collaborative Gaucher Group Gaucher Registry

The ICGG Gaucher Registry was launched in 1991 to track the clinical, demographic,
genetic, biochemical and therapeutic characteristics of patients with GD throughout the
world, irrespective of disease severity, treatment status or treatment choice [3]. Governance
and scientific direction is provided by an independent international group of physician
experts in GD, with operational support from Genzyme Corporation (Cambridge, MA,
USA). Since 1991, with Institutional Review Board/Ethics Committee approvals, physicians
from 62 countries have voluntarily submitted de-identified data on over 5828 patients,
capturing 51,628 patient years of follow-up. The major investigative goals of the Registry
are to define the clinical spectrum of GD, assess its natural history through longitudinal
follow-up, and assess the effect of treatment.

Study population
The study population included all Registry patients with GD1 from age 5–50 years who
were treated with alglucerase and/or imiglucerase, and for whom lumbar spine BMD data
(assessed by dual-energy X-ray absorptiometry (DXA)) were submitted by 1 April 2010.
Alglucerase (Ceredase®, Genzyme Corporation placenta-derived macrophage-targeted
glucocerebrosidase) and imiglucerase (Cerezyme®, Genzyme Corporation recombinant
macrophage-targeted glucocerebrosidase) have been shown to be therapeutically equivalent
in a randomized, 2-arm clinical trial [8]. Patients treated with alglucerase were eventually
transitioned to imiglucerase once it was commercially available. For simplicity, treatment
with these 2 pharmacologic glucocerebrosidases will henceforth be denoted as imiglucerase
enzyme therapy. All patients included in this analysis had 1 or more DXA assessment within
the range of 1 year before and through 10 years following initiation of imiglucerase. Patients
who were treated with bisphosphonates were excluded from this analysis.

Patients were assigned to 1 of 4 groups according to age at initiation of imiglucerase
treatment. There was no overlap among groups. The following categories were used:
children ages ≥5 to <12 years; adolescents: ≥12 to <20 years; young adults: ≥20 to <30
years; and older adults: ≥30 to ≤50 years. The adults were divided into 2 groups, because
one can still accrue bone mass during the third decade of life [9,10]. Approximately 70% of
the patients in each group only received imiglucerase and 30% of the patients initiated
treatment with alglucerase.

Baseline demographics and clinical characteristics
Baseline data is that closest to the date of the first enzyme infusion within a range of 1 year
before or after the start of enzyme therapy. Baseline demographics include gender, age,
treatment information, GBA1 genotype, ethnicity and country of origin. Baseline clinical
characteristics include hemoglobin concentration, platelet count, liver volume, spleen
volume, bone pain in the last 30 days, any previous bone crisis, and other skeletal disease
manifestations.
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Bone densitometry
Bone mineral density was measured using DXA of the lumbar spine with Hologic
(Hologic™, Bedford, MA, USA), GE Lunar (GE Healthcare, Madison, WI, USA), and
Norland (Cooper Surgical, Trumbull, CT, USA) scanners per election of the treating
physician. Of the data presented, approximately 55% of the DXA measurements were from
Hologic devices, 23% from GE Lunar, and less than 10% from Norland scanners
(Supplemental Table 1). The DXA data were expressed in units of Z-scores, which state
BMD as the number of standard deviations above or below the average BMD of a healthy
subject of the same age and gender, such that a patient with a Z-score of 0 is at the mean for
that age and gender. The majority (73% to 77%) of lumbar spine DXA assessments in all
patient groups were of the L1–L4 vertebrae. We chose lumbar spine DXA because
normative data to calculate Z-scores in children are only available for lumbar spine and not
other sites.

Statistical analysis
Descriptive statistics were used for analysis of demographics and clinical characteristics. For
DXA Z-score values, a plot was constructed showing mean and corresponding 95%
confidence intervals at baseline according to age at initiation of therapy. To calculate
changes in DXA Z-score after initiation of treatment, a non-linear mixed effects model using
the Emax parameterization [11] was constructed for each age category. This parameterization
allows the slope to vary with time and permits estimation of the maximal effect on bone
mineral density following initiation of treatment. Results from the models are depicted in
both graphical and tabular formats. Models were constructed for a subset of patients with
low baseline BMD (defined as a Z-score of −1.0 or lower) and a total of 1 or more
subsequent DXA measurements.

Results
As of 1 April 2010, from a total Registry population of 5643 patients, 3785 (67%) patients
met the study inclusion criteria: GD1, date of diagnosis, and imiglucerase therapy, with a
known starting date. Of these, 1254 patients had DXA data with 930 patients between 5 and
50 years of age at the start of imiglucerase therapy. After excluding patients who had been
treated with bisphosphonates, 889 patients were eligible for stratification and analysis.

Patient demographics at first infusion of imiglucerase are shown in Table 1. In all age
groups, the ratio of females to males was approximately 3:2. More than 85% had at least 1
N370S allele (Supplemental Table 2). Ninety-two to 98% of patients reported race/ethnicity
as non-African–American/Caribbean. The percentage of patients with a history of
splenectomy progressively declined by age group: approximately 33% in older adults, 26%
in young adults, 16% in adolescents, and 7% in children. The mean dose of imiglucerase
was similar among all groups, ranging from 35.5 to 39.9 U/kg/2 wks.

Baseline hematological and visceral organ measurements at first infusion of imiglucerase are
shown in Table 2. Here, the patients in each age stratum were basically similar. Anemia was
present in 25% to 42% of patients and platelet counts were below 150×103/mm3 in 78% to
97% of patients, depending on the age group. Although the extent of splenomegaly was no
different in children than in the other age groups, thrombocytopenia tended to be milder in
children.

Children also had fewer reports of skeletal pain, bone infarctions and avascular necrosis
(Table 3). Forty children (33% of 122) and 22 adolescents (33% of 69) were below the fifth
percentile for height. DXA Z-scores were ≤−1 in 44% of children (19/43), 76% of
adolescents (31/41), 54% of young adults (30/56) and 52% of older adults (89/171). Mean
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baseline DXA Z-scores according to age category are shown in Fig. 1 and Table 4. This
graph illustrates progressive decline in DXA Z-scores within the pediatric age group with
largest decline in the adolescents. The extent of osteopenia in young and older adults was
similar.

Regression models for DXA Z-scores following initiation of therapy with imiglucerase are
shown in Fig. 2 for patients with baseline Z-scores less than −1. Among children (n=19), the
mean DXA Z-scores improved from baseline −1.38 (95% CI −1.73 to −1.03) over 8 to 9
years of imiglucerase therapy to −0.73 (95% CI −1.25 to −0.21) (Table 5). Similar
responses were observed in adolescents and both adult groups; in adolescents (n=23), mean
baseline Z-scores of −2.16 (95% CI −2.53 to −1.79) increased to −1.13 (95% CI −1.78 to
−0.49) after 10 years of imiglucerase (Table 6). Among young adults (n=30) after 10 years
of imiglucerase therapy, mean baseline Z-scores of −1.95 (95% CI −2.26 to −1.64)
increased to −0.67 (95% CI −1.09 to −0.26) (Table 7). The Z-scores for older adults (n=68),
although improved, changed the least from −1.82 (95% CI −2.00 to −1.63) at baseline to
−1.30 (95% CI −1.57 to −1.04) after 10 years of imiglucerase therapy (Table 8). For
comparison, the distributions of the actual DXA Z-scores for each group are shown in
Supplemental Table 3A–D.

Discussion
This is the first study in patients with GD1 to examine BMD across an age spectrum ranging
from childhood to adulthood, and to report BMD response to imiglucerase therapy in an age
group-specific manner. We found that low BMD occurs commonly in the natural course of
GD1 and that it begins to manifest as early as 5 years of age. Of all the age groups that we
followed, the BMD deficit is most pronounced in the adolescent period (age ≥12 to <20
years), a period of maximal bone mass accrual. Normally, maximal bone mineral is accrued
in the first 2 decades of life [12,13], and peaks in the third decade [14]. The subsequent
course is of progressive decline of bone density [10]. Failure to achieve peak bone mass is
believed to contribute to eventual osteoporosis in several disease states [15].

A major treatment goal in GD1 is to prevent osteoporosis and to reduce the risk of
pathological and fragility fractures. Due to the rarity of GD1 and insufficient patient
numbers for statistically valid analysis, fracture risk as a function of BMD has never been
calculated. Nevertheless, in a recent study from the ICGG Gaucher Registry, fracture rates
of 14% were reported in patients with GD1 [16]. In the general population it is estimated
that the reduction of 1 standard deviation (SD) from baseline of total body BMD, as
measured by DXA, doubles the risk for fractures [17]. Our findings suggest that low BMD
begins early in the life of patients with GD1 and that this group is most responsive to
enzyme replacement therapy with imiglucerase. Taken together, our findings underscore the
importance of early diagnosis and intervention to achieve optimal peak bone mass in
children and young adults as a therapeutic goal.

It should be noted that low BMD, although prevalent in all age groups, was most marked in
adolescents. However, there was a disassociation from other phenotypic features of GD1
such as severity of hematological and visceral disease, which generally reflects the body
burden of lipid-laden macrophages; severity of these extra-skeletal manifestations in the
younger patients was similar to older patients. Compared to older adults, it is notable that in
children, adolescents and younger adults, in whom osteopenia was most striking, there was
the lowest prevalence of splenectomy, a procedure previously associated with a higher risk
of osteopenia [4]. Taken together, these observations are consistent with recent findings that
GBA1 deficiency results in impairment of osteoblast differentiation and proliferation
leading to reduced bone formation [18]. The apparent failure of hematological and visceral
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severity to be predictive of low BMD, which is infrequently measured in children,
adolescents and young asymptomatic adults with GD1 at the time of diagnosis or during
follow-up visits, is clinically important because these parameters are probably the most
common determinants influencing a decision to initiate treatment.

We found that the GBA1 genotype was not a critical determinant of risk for low BMD.
Although heteroallelism for the N370S mutation was more common in children and
adolescents, and N370S homoallelism was more prevalent in older patients, low BMD was
encountered in all genotype categories. Many studies have demonstrated that patients
heteroallelic for N370S genotypes tend to have more severe hematological and visceral
manifestations of GD1, and are more likely to be diagnosed at a younger age than patients
who are homoallelic for N370S [19]. It is not known if the apparent lack of association of
GBA1 genotype with osteopenia is due to under-reporting of osteopenia in older,
asymptomatic N370S homoallelic patients.

DXA is the most common method for assessing BMD and is used in routine clinical practice
for this purpose. DXA provides an established, non-invasive, low radiation-exposure
technique for monitoring BMD over time. The lumbar spine is one of the common
measurement sites, and there is a large body of age-, gender- and race-standardized
reference data. Additionally, the lumbar spine has been shown to be more sensitive to
changes in systemic bone mass than other measurement sites in adults [4]. A limitation of
DXA is the dependence of BMD on body size. Therefore in pediatric patients, delayed
growth could contribute to apparent low BMD values in GD1. To reduce the effect of this
confounder, we used Z-scores that take into account the normal growth pattern, as well as
the expected normal decline of bone density in adulthood. Therefore, the Z-score is the
preferred parameter to depict the bone-density phenotype of GD1 and assess the impact of
enzyme replacement therapy with imiglucerase. Another possible confounder in our results
is the dependence of bone density on ethnicity [20]. For this reason, we classified ethnicity
as African–American/Caribbean or Other, and we utilized appropriate reference populations
to calculate the Z-scores for these 2 groups. It should be noted that, although DXA is a
reliable biomarker for BMD, other factors such as bone quality (i.e., bone strength or bone
brittleness) are important additional determinants of fracture risk and were not measured in
our study.

Due to the rarity of GD1, our study was only feasible due to the existence of the ICGG
Gaucher Registry, which provided longitudinal data from a large worldwide patient
population that can be analyzed by age group. Unlike clinical trials, Registry data are often
not submitted at well-defined time points, and the severity at baseline and treatment effects
are allowed to vary by patient. Mixed models are ideally suited for analyzing this type of
longitudinal data. Nevertheless, there are limitations associated with our study that are
common to most observational (non-randomized) research studies. All Registry data are
retrospective and unaudited. Patients followed in the Registry are not randomized to
treatment with imiglucerase. Scanner type (e.g., GE Lunar, Hologic, or Norland), as well as
the specific scanner used to obtain DXA measurements, has varied among patients and may
have varied for repeat visits of individual patients. Other potential confounders, such as
genetic polymorphisms other than GBA1 genotype, epigenetic factors, and environmental
factors such as concurrent illnesses, alcohol use and smoking, could conceivably contribute
to osteopenia of GD1; we did not adjust for these potential confounders in this analysis.

Do our data contribute to an understanding of causative mechanisms for abnormal bone
homeostasis in patients with GD1? Osteopenia in GD1 has generally been attributed to
increased bone resorption [21]. However, biomarkers of osteoclast function are only
inconsistently elevated in GD1 sera [22], and the accumulation of glucocerebroside has not
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been reported in GD osteoclasts. Moreover, when the bone responds to imiglucerase, there is
concomitant improvement of serum biomarkers of osteoblast function, but no significant
change in biomarkers of osteoclast function [21]. Additionally, inhibition of bone resorption
with bisphosphonates at supra-pharmacological doses, given in conjunction with
imiglucerase therapy, resulted in minimal improvement of osteopenia in adult GD1 patients
[23]. Together, these findings point to a more complicated picture of determinants of
osteopenia and the skeletal response to enzyme therapy. Our finding that osteopenia begins
early in life, at a point when bone formation normally outpaces bone resorption, raises the
possibility that osteoblast dysfunction may be more important than hitherto appreciated [24].
Indeed, the conditional deletion of the GBA1 gene in mice results in profound osteopenia
due to osteoblast dysfunction, mediated by accumulating glycolipid through inhibition of
protein kinase C [18]. Our results emphasize the importance of a clearer understanding of
the effects of GD1 pathology and enzyme or other therapies for GD1, not only on tissue
macrophages, but also on cells of other lineages.

Conclusions
Bone disease and its resulting disability are significant sources of long-term morbidity for
patients with GD. Low bone density is prevalent in all age groups with GD1; it is most
prevalent during adolescence, a developmental period critical to attainment of peak bone
mass. Failure to achieve optimal bone mass at this age is likely to be a major determinant of
peak bone mass generally attained by age 30 years. Imiglucerase results in amelioration of
osteopenia in all age groups, and the effect is greatest in younger patients.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
DXA Z-scores in patients with type 1 Gaucher disease at the time of first imiglucerase
infusion.
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Fig. 2.
DXA Z-scores of GD1 patients with 2 or more measurements during imiglucerase treatment
in A. children (ages ≥5 years to <12 years), B. adolescents (ages ≥12 years to <20 years), C.
young adults (ages ≥20 years to <30 years) and D. adults (ages ≥30 years to ≤50 years).
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Table 1

Patient demographics and characteristics.

Age at first infusion of imiglucerase

≥ 5 to <12 years ≥ 12 to <20 years ≥ 20 to <30 years ≥ 30 to ≤50 years

Patients enrolled 156 125 185 423

Gender n=156 n=125 n=185 n=423

 Male 71 (45.5) 52 (41.6) 68 (36.8) 173 (40.9)

 Female 85 (54.5) 73 (58.4) 117 (63.2) 250 (59.1)

Age at Gaucher diagnosis, y n=156 n=125 n=185 n=423

 Median (25th, 75th) 6.0 (5.0, 8.0) 11.0 (7.0, 15.0) 20.0 (6.0, 24.0) 29.0 (16.0, 37.0)

 Mean (SD) 6.3 (2.47) 10.3 (4.99) 15.9 (9.18) 26.5 (13.32)

Year of diagnosis, n n=156 n=125 n=185 n=423

 <1991 15 (9.6) 45 (36.0) 86 (46.5) 226 (53.4)

 1991–1999 63 (40.4) 36 (28.8) 49 (26.5) 100 (23.6)

 ≥2000 78 (50.0) 44 (35.2) 50 (27.0) 97 (22.9)

Year of first infusion, n n=156 n=125 n=185 n=423

 <1995 22 (14.1) 27 (21.6) 43 (23.2) 92 (21.7)

 1995–1999 42 (26.9) 40 (32.0) 64 (34.6) 129 (30.5)

 ≥2000 92 (59.0) 58 (46.4) 78 (42.2) 202 (47.8)

Ethnicity, n n=143 n=112 n=168 n=371

 African–American/Caribbean 12 (8.4) 6 (5.4) 7 (4.2) 6 (1.6)

 All othersa 131 (91.6) 106 (94.6) 161 (95.8) 365 (98.4)

Genotype n=121 n=99 n=165 n=387

 N370S/N370S 8 (6.6) 27 (27.3) 49 (29.7) 158 (40.8)

 N370S/Other 94 (77.7) 65 (65.7) 98 (59.4) 217 (56.1)

 Other/Other 19 (15.7) 7 (7.1) 18 (10.9) 12 (3.1)

Splenectomy status n=156 n=125 n=185 n=423

 Splenectomized 11 (7.1) 20 (16.0) 47 (25.5) 139 (32.9)

 Intact spleen 145 (92.9) 105 (84.0) 137 (74.5) 284 (67.1)

Average dose of imiglucerase, U/kg/2 wks n=152 n=124 n=181 n=408

 Median (25th, 75th) 37.5 (29.9, 54.9) 36.9 (23.6, 56.6) 30.0 (20.0, 56.9) 30.0 (21.2, 56.2)

 Mean (SD) 39.9 (14.83) 37.6 (17.05) 35.5 (17.74) 36.5 (17.35)

a
Defined as Caucasian; Hispanic; American Indian; Asian; Jewish; Arab; or multi-ethnic.
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Table 2

Hematological and visceral manifestations at first infusion of imiglucerasea.

Age at first infusion of imiglucerase

≥5 to <12 years ≥12 to <20 years ≥20 to <30 years ≥30 to ≤50 years

Patients enrolled 156 125 185 423

Hemoglobinb 91 65 77 148

 Median (25th, 75th) 11.1 (10.0,12.0) 11.8 (10.8,12.7) 11.6 (10.4,13.2) 12.4 (11.1,13.5)

 Mean (SD) 11.0 (1.33) 11.7 (1.54) 11.8 (1.86) 12.3 (1.73)

Anemiab, n (%) 91 65 77 148

 Yes 27 (29.7) 21 (32.3) 32 (41.6) 37 (25.0)

 No 64 (70.3) 44 (67.7) 45 (58.4) 111 (75.0)

Platelet count (×103/mm3) c 90 65 77 148

 Median (25th, 75th) 115.0 (86.0,143.0) 88.0 (68.0,118.0) 76.0 (60.0,98.0) 76.5 (60.0,110.0)

 Mean (SD) 115.8 (42.87) 95.9 (40.32) 77.8 (31.01) 87.4 (47.96)

Platelet count below 150 (×103/mm3)c, n (%) 90 65 77 148

 Yes 70 (77.8) 60 (92.3) 75 (97.4) 140 (94.6)

 No 20 (22.2) 5 (7.7) 2 (2.6) 8 (5.4)

Spleen volume 62 58 58 148

 Median (25th, 75th) 13.4 (9.8,21.1) 12.1 (7.8,20.5) 10.6 (6.6,17.2) 9.0 (5.5,15.0)

 Mean (SD) 16.2 (9.60) 14.2 (8.29) 13.0 (9.13) 12.0 (10.19)

Splenomegaly (spleen volumed in multiples of normal),
n (%)

62 58 58 148

 Yes 60 (96.8) 54 (93.1) 52 (89.7) 116 (78.4)

 No 2 (3.2) 4 (6.9) 6 (10.3) 32 (21.6)

Liver volume 64 62 71 196

 Median (25th, 75th) 1.9 (1.6,2.1) 1.5 (1.3,1.9) 1.5 (1.1,2.1) 1.3 (1.1,1.8)

 Mean (SD) 1.9 (0.49) 1.7 (0.80) 1.7 (0.86) 1.5 (0.61)

Hepatomegaly (liver volumed in multiples of normal), n
(%)

64 62 71 196

 Yes 63 (98.4) 49 (79.0) 45 (63.4) 112 (57.1)

 No 1 (1.6) 13 (21.0) 26 (36.6) 84 (42.9)

a
“At the time of first infusion” is defined as the data point closest to the first infusion date, no more than −8/+2 weeks (inclusive) from first

infusion for hemoglobin/platelet, and −6 months/+6 weeks (inclusive) from first infusion for liver/spleen. Patients with no infusion date were
excluded from the analysis for each hematological and visceral assessment.

b
Non-splenectomized patients only. Anemia is defined according to age and gender norms for hemoglobin concentrations as follows: <12 g/dL for

males older than 12 years; <11 g/dL for females older than 12 years; <10.5 g/dL for children ages >2 to 12 years; <9.5 g/dL for children ages 6
months to 2 years; and <10.1 g/dL for children younger than 6 months of age.

c
Non-splenectomized patients only.

d
Spleen and liver volumes measured by ultrasound were calculated using the formulas reported by Elstein [25].
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Table 4

DXA Z-scores in patients with type 1 Gaucher disease at first infusion of imiglucerase.

Age group (years) N Mean Lower 95% CI Upper 95% CI

5 to<10 45 −0.495 −0.848 −0.142

10 to<15 38 −1.187 −1.618 −0.757

15 to<20 28 −1.872 −2.319 −1.425

20 to<25 27 −1.200 −1.697 −0.704

25 to<30 43 −1.167 −1.510 −0.823

30 to<35 44 −1.030 −1.360 −0.701

35 to<40 38 −1.279 −1.600 −0.959

40 to<45 57 −0.971 −1.267 −0.675

45 to 50 59 −1.013 −1.316 −0.710
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Table 5

DXA Z-scores of children

Years following initiation of
imiglucerase

Baseline DXA ≤−1 (n=22 patients, 80 assessments)

Predicted DXA Z-score Lower 95% confidence interval Upper 95% confidence interval

Baseline (−1 to<0) −1.38 −1.73 −1.03

0 to<1 −1.31 −1.63 −0.98

1 to <2 −1.24 −1.54 −0.93

2 to <3 −1.14 −1.45 −0.83

3 to <4 −1.03 −1.37 −0.69

4 to <5 −0.92 −1.31 −0.54

5 to <6 −0.88 −1.29 −0.47

6 to <7 −0.73 −1.25 −0.21

7 to <8 . . .

8 to <9 −0.55 −1.26 0.16

9 to <10 . . .

DXA Z-scores of patients with 2 or more measurements from a non-linear mixed model in children (ages≥5 years to <12 years).
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Table 6

DXA Z-scores of adolescents.

Years following initiation of
imiglucerase

Baseline DXA ≤−1 (n=23 patients, 89 assessments)

Predicted DXA Z-score Lower 95% confidence interval Upper 95% confidence interval

Baseline (−1 to<0) −2.16 −2.53 −1.79

0 to<1 −2.08 −2.43 −1.73

1 to <2 −1.98 −2.32 −1.63

2 to <3 −1.86 −2.21 −1.51

3 to <4 −1.75 −2.11 −1.38

4 to <5 −1.68 −2.06 −1.31

5 to <6 −1.58 −1.98 −1.18

6 to <7 . . .

7 to <8 −1.41 −1.87 −0.95

8 to <9 −1.25 −1.80 −0.69

9 to <10 −1.13 −1.78 −0.49

DXA Z-scores of patients with 2 or more measurements from a non-linear mixed model in adolescent (ages≥12 years to <20 years).
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Table 7

DXA Z-scores of young adults

Years Following Initiation of
Imiglucerase

Baseline DXA ≤−1 (n=20 patients, 69 assessments)

Predicted DXA Z-Score Lower 95% Confidence Interval Upper 95% Confidence Interval

Baseline (−1 to<0) −1.95 −2.26 −1.64

0 to<1 −1.77 −2.05 −1.48

1 to <2 −1.58 −1.87 −1.29

2 to <3 −1.43 −1.71 −1.14

3 to <4 −1.25 −1.54 −0.96

4 to <5 −1.15 −1.44 −0.86

5 to <6 −0.99 −1.29 −0.69

6 to <7 −0.93 −1.25 −0.62

7 to <8 −0.84 −1.18 −0.51

8 to <9 −0.77 −1.14 −0.41

9 to <10 −0.67 −1.09 −0.26

DXA Z-scores of patients with 2 or more measurements from a non-linear mixed model in young adults (ages≥20 years to <30 years).
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Table 8

DXA Z-scores of adults.

Years following initiation of
imiglucerase

Baseline DXA ≤−1 (n=68 patients, 253 assessments)

Predicted DXA Z-score Lower 95% confidence interval Upper 95% confidence interval

Baseline (−1 to<0) −1.82 −2.00 −1.63

0 to<1 −1.73 −1.89 −1.57

1 to <2 −1.65 −1.81 −1.49

2 to <3 −1.58 −1.74 −1.42

3 to <4 −1.51 −1.68 −1.35

4 to <5 −1.47 −1.64 −1.30

5 to <6 −1.42 −1.60 −1.24

6 to <7 −1.39 −1.58 −1.19

7 to <8 −1.35 −1.57 −1.13

8 to <9 −1.32 −1.57 −1.06

9 to <10 −1.30 −1.57 −1.04

DXA Z-scores of patients with 2 or more measurements from a non-linear mixed model in adults (ages≥30 years to ≤50 years).
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