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Abstract

There is a scarcity of data concerning endocrine function and the effects of enzyme replacement therapy (ERT) on growth and other endocrine functions in patients with 
mucopolysaccharidosis (MPS). This study retrospectively evaluated height increase, bone mineral density (BMD), and other endocrine functions in MPS patients who 
received ERT for at least two years in our clinic. The clinical findings, hormonal analysis (TSH, fT4, ACTH, cortisol, FSH, LH, testosterone, estradiol, prolactin, GH, 
IGF-1, IGFBP-3), and BMD measurements of 10 MPS patients, aged 0-18 years, before and after ERT were recorded and compared retrospectively. Four patients were 
MPS Type-2, five were MPS Type-4, and one was MPS Type-6. Nine of the patients were male, and one was female. The mean treatment onset age was 7.6 years. The 
mean ± standard deviation of the patients' height SDS was -4.61±3.01 before treatment and -5.65±2.42 after treatment. While the mean BMD Z-score of the patients was 
-2.33±1.77 before treatment, it was -0.94±1.52 after treatment. Apart from growth retardation (one of the most prominent disease features), no severe dysfunction was 
detected in other endocrine organs in our patients with MPS. Severe short stature was evident at the time of diagnosis in MPS patients, and their height SDS worsened, 
despite ERT. However, osteoporotic BMD Z-scores at diagnosis improved after ERT. No serious dysfunction was seen in other endocrine organs.
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Introduction

Mucopolysaccharidoses (MPS) are a group of metabolic diseases 
that develop due to a deficiency of enzymes responsible for the 
metabolism of glycosaminoglycans (GAG; galactose, heparan 
sulfate, dermatan sulfate, keratan sulfate, hyaluronan) in lysosomes, 
resulting in GAG accumulation in lysosomes and tissues, and 
organ dysfunction [1]. As a chronic, progressive, multisystemic 
disease, seven types of MPS have been described to date including  
MPS I (H, S), MPS II, MPS III (A, B, C, D), MPS IV (A, B), MPS 
VI, MPS VII, and MPS IX. MPS II is inherited in an X-linked 
fashion, while the others are inherited autosomal recessively [2]. 
MPS I [MPS1H (Hurler), MPS1S (Scheie)] develops due to alpha-
L-iduronidase enzyme deficiency, while MPS II (Hunter) occurs

as a result of iduronate 2-sulfatase deficiency. Heparan sulfate 
is decreased in MPS III (Sanfilippo), while galactose-6-sulfate 
sulfatase and β-galactosidase enzyme activities are decreased 
in MPS IV (Morquio). MPS VI, known as Maroteaux-Lamy 
syndrome, occurs due to N-acetyl galactosamine 4-sulfatase 
(arylsulfatase B) enzyme deficiency. In addition, there is beta-D-
glucuronidase enzyme deficiency in MPS VII (Sly syndrome) and 
hyaluronidase enzyme deficiency in type IX (Natowicz syndrome) 
[3-5].

In patients with MPS, structural and functional disorders occur due 
to the accumulation of GAG in different organs, which become 
evident with age and from birth. In all MPS types retardation in 
growth and development between the ages of 1.5-6 years [6-10], 
and complete or partial losses in pubertal growth spurt are observed 
[7-9,11,12]. Clinical findings seen in MPS include developmental 
delay, skeletal deformities, dysostosis multiplex, joint contractures, 
blurred cornea, hearing loss, hepatosplenomegaly, coarse face, 
adenoid hypertrophy, inguinal hernia, heart and respiratory failure, 
behavioral disorders, and mental retardation. Growth retardation 
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and skeletal deformities are prominent findings in MPS IVA, while 
mental retardation, hearing loss, and kyphosis are more common in 
MPS IH and MPS II. Unlike other MPS types, the Sanfilippo variant 
causes behavioral disorders, hyperactivity, and developmental 
delay with speech disorder prominent. In the recently described 
MPS IX, common findings similar to rheumatoid arthritis are 
evident [1]. GAG, which cannot be metabolized in MPS, can 
accumulate in endocrine glands such as the pituitary, adrenal, and 
thyroid, causing endocrinological disorders. With the recently 
developed stem cell transplantation and enzyme replacement 
therapy (ERT), it is possible to stop the progression of the findings 
and partially improve the function of impaired organs [3].

There is insufficient data on endocrine function in MPS and the 
effects of ERT on growth and other endocrine functions. Therefore, 
this retrospective study evaluated height increase, BMD, and other 
endocrine functions, assessed by hormone measurements in MPS 
patients who received ERT for at least two years during the period 
2012 to 2020.

Materials and Methods

Study population

The study included MPS patients who received ERT for more than 
two years in our clinic, during the period 2012 to 2020. Before 
and after ERT, clinical findings, auxological evaluation including 
height, weight, and body mass index (BMI), hormone analyzes 
(thyroid function, adrenal function, gonadal function and growth 
axis), and BMD measurements were analyzed retrospectively. 

Anthropometric measurements

Anthropometric assessment was performed in the morning, 
following an overnight fast. The heights of the cases were measured 
with a wall-mounted stadiometer (SECA, Hamburg, Germany) 
while standing in a neutral position, heels together and no shoes.  
Weight measurement was performed via BMI SECA scale (with 
sensitivity to 0.1kg). Body mass index = body weight (kg)/height² 
(m²) was calculated using the formula.

Laboratory measurements

Hormone analyzes included measurement of thyroid stimulating 
hormone (TSH), free thyroxine (fT4), adrenocorticotropic hormone 
(ACTH), cortisol, follicle stimulating hormone (FSH), luteinizing 
hormone (LH), testosterone, estradiol, prolactin, growth hormone 
(GH), insulin-like growth factor 1 (IGF-1), and IGF binding protein 
3 (IGFBP-3). A growth hormone peak response of <10mcg/L with 
two different growth hormone stimulation tests (clonidine and 
L-dopa) was evaluated as growth hormone deficiency (GHD) [13]. 
In a patient whose baseline ACTH and cortisol levels were low in 
the post-treatment evaluation, an ACTH stimulation test (1 mcg 
intravenous) was performed. Adrenal insufficiency was excluded 
when the peak serum cortisol level was higher than 18mcg/dL [14] 
after stimulation. Serum TSH, fT4, cortisol, prolactin, FSH, LH, 
estradiol, and testosterone levels were analyzed by electrochemical 
irradiance immunoassay using the Elecsys 2010 modular analytical 
E170 device (Roche Diagnostics, Indianapolis, IN, USA). Serum 
GH and ACTH levels were measured with the Roche Cobas 6000 
and Roche Cobas e601 devices (Roche Diagnostics, Indianapolis, 
IN, USA) using an electrochemiluminescence method. IGF 1 and 
IGFBP-3 measurements were made using the Siemens Immulite 
2000 device (Siemens Healthcare Diagnostics Inc., Deerfield, IL, 

USA) by chemiluminescence method.

DEXA measurements 

BMD measurements were made with dual-energy X-ray 
absorptiometry (DEXA, HOLOGIC QDR 4500W, Bedford, MA, 
USA). Results were expressed as grams of bone mineral per square 
centimetre (g/cm2). The mean values for Caucasians and T-score 
and Z-score calculations were automatically performed by the in-
built software. The Z-score for children was calculated using the 
following formula: (Measured BMD)–(Own-age-group-BMD)/
(Own-age-group-standard deviation). The results were converted 
into Z-scores adjusted for height and gender for Turkish children 
[15].

Ethical approval: Subjects were enrolled following approval of the 
study protocol by the medical ethics committee (Ethics Committee 
of the Inonu University, approval number: 2021/2064), and receipt 
of written informed consent from parents.

Statistical Analysis 

First, the missing values (for the dexa parameter) were assigned 
according to the mean. The compliance of quantitative variables 
to normal distribution was checked with the Shapiro-Wilk test. 
Quantitative variables that satisfy the assumption of normal 
distribution were summarized with the mean (standard deviation) 
and the quantitative variables that do not provide this assumption 
were summarized with the median (minimum/maximum). In 
the statistical analysis, dependent groups t-test was used for 
comparison of pre-treatment and post-treatment measurements of 
the normally distributed variables, and the Wilcoxon test was used 
for comparison of pre-treatment and post-treatment measurements 
of the non-normally distributed variables. p<0.05 was considered 
statistically significant. SPSS [SPSS I. Statistics for Macintosh 
(Version 26.0) [Computer software]. Armonk, NY: IBM Corp. 
2019.] programming languages were used for data analysis.

Results 

The study included 10 MPS patients, aged between 1.5 and 18 
years. Nine of the ten patients were male, and one was female. Four 
patients with MPS II were receiving idursulfase (elaprase), five 
patients with MPS IV were treated with elosulfase alfa (vimizim), 
and one patient with type VI was receiving galsulfase (naglazyme). 
The duration of patients receiving ERT ranged from 2.5 to 8 
years. The auxological parameters of our patients before and after 
treatment are shown in Table I. The mean age at the onset of ERT 
treatment was 7.63±4.0 years. When the results of the dependent 
t-test are examined, there is a statistically significant difference 
between the pre-treatment and post-treatment measurements in 
terms of the Height SDS (p=0.018) and DEXA Z score (p=0.017) 
parameters (see Table II ).

In Type II MPS patients the mean age of onset of therapy to ERT 
was 6.49±4.88 years and the height SDS of patients before ERT 
treatment was median (min/max) -1.865(-4.3/0.88) and median 
(min/max)-3.555(-5.5/-0.83) after treatment (p=0.068). While 
the mean BMI SDS of these patients was median (min/max) 
0.425 (-0.67/1.71) and median (min/max) 0.425(-1.23/2.5) after 
treatment (p=0.715). 

Similarly, in Type IV MPS patients the mean age of onset of 
ERT was 7.06±1.7 years and the mean height SDS before ERT 
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treatment was median (min/max)-5.7(-6.7/-5.3) and median (min/
max)-6.7(-8.59/-6.5) after treatment (p=0.078). While the mean 
BMI SDS of these patients was median (min/max) 1.53(0.57/1.9) 
and 0.6(0.03/1.26) after treatment (p=0.043). 

The age at onset of treatment for the type VI MPS patient was 15 
years. While the height SDS in this patient was -9.2 before ERT 
treatment, it had improved to -7.6 after treatment. The BMI SDS of 
this patient did not change before and after treatment and remained 
at 0.98.

Pre-treatment serum TSH, fT4, ACTH, cortisol, FSH, LH, 
testosterone, estradiol, prolactin, GH, IGF-1, and IGFBP-3 levels 
of the patients were within normal limits. After treatment, a patient 
with low baseline ACTH and cortisol levels had a normal response 
to the intravenous ACTH stimulation test (post-test peak cortisol 
level: 25mcg/dL). Three of the patients receiving treatment (1 

patient type II, 2 patients type IV) had an inadequate response to 
growth hormone stimulation test (<10mcg/dL) and were diagnosed 
with growth hormone deficiency (GHD). After an average of 4.95 
years of ERT treatment in all our patients, TSH, fT4, FSH, LH, 
estradiol-testosterone, and prolactin levels were normal (Table III).

The median (range) DEXA z-score of the ten patients in whom 
data was available (type II n=4; type IV n=5; type VI n=1) was-
2.33±1.77 pre-treatment and -0.94±1.52 post-treatment (p=0.017). 
In the type II patients mean BMD z-score was median (min/
max)-0,89(-2.09/1.5) pre-treatment and median (min/max)-0.22 
(-1.8/2.2) post-treatment (p=0.465). Similarly, in the type IV 
patients median (range) BMD z-score was median (min/max)-2,6 
(-4.3/-2.09) pre- treatment and median (min/max)-2.3(-2.8/-0.02) 
post-treatment (p=0.043). The BMD z-score of the type VI patient 
was-3.4 pre-treatment and-0.5 post-treatment.
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Table 1. Treatment initiation age, duration of treatment, DEXA Z-score, BMI SDS, and height SDS follow-up profile of our cases 

Patient (Gender) MPS Type Treatment Start 
Age, years

Treatment, and 
duratıon (years)

Before and after 
treatment Height SDS BMI SDS Bone age(year) DEXA 

*Z score

P1 (M) Type 2 1.3 Elaprase 
(idursulfase), 4 

Before treatment 0.88 1.71 1 -0.3

After treatment -0.83 2.5 3.5 -1.8

P2 (M) Type 2 3.3 Elaprase
 (idursulfase), 8

Before treatment -0.33 -0.02 3 -

After treatment -2.21 -0.59 9 0.14

P3 (M) Type 2 11.2 Elaprase 
(idursulfase), 8

Before treatment -4.3 -0.67 6 -1.48

After treatment -4.9 -1.44 15 -0.59

P4 (M) Type 2 10.0 Elaprase 
(idursulfase), 8

Before treatment -3.4 0.87 6 1.5

After treatment -5.5 -1.23 Epiphyses closed 2.2

P5 (M) Type 4A 9.8 Vimizim 
(elosulfase alfa), 4 

Before treatment -6.7 0.57 3.5 -3.7

After treatment -8.59 0.15 6.4 -2.8

P6 (M) Type 4A 6.4 Vimizim 
(elosulfase alfa), 3

Before treatment -5.4 1.9 3.5 -4.3

After treatment -6.7 1.26 7 -2.5

P7 (M) Type 4A 7.5 Vimizim 
(elosulfase alfa), 2.5

Before treatment -6,6 1.61 4.5 -2.5

After treatment -6.5 0.03 6 -1.25

P8 (M) Type 4A 5.7 Vimizim 
(elosulfase alfa), 4

Before treatment -5.7 1.53 5 -

After treatment -7.0 0.98 7 -0.02

P9 (M) Type 4A 5.8 Vimizim 
(elosulfase alfa), 4

Before treatment -5.3 1.1 4 -2.6

After treatment -6.7 0.6 6 -2.3

P10 (F) Type 6 15.0 Naglazyme 
(galsulfase), 3

Before treatment -9.2 0.98 - -3.4

After treatment  -7.6 0.98 Epiphyses closed -0.5

P, Patient; F, Female; M, Male; MPS, Mucopolysaccharidosis; DEXA, *Dual-energy X-ray absorptiometry; BMI, Body Mass Index; SDS, standard deviation score

Table 2. Height SDS, BMI SDS and DEXA  Z score of all patients before and after treatment

Variable 
Pre-treatment Post-treatment

p value
Mean ± SD Mean ± SD

Height SDS -4.605±3.013 -5.653±2.423 0.018*

BMI SDS 0.958±0.816 0.612±1.071 0.373*

DEXA Z score -2.33±1.77 -0.94±1.52 0.017*

DEXA, Dual-energy X ray absorptiometry; BMI, Body Mass Index; SDS, standard deviation score. *: Dependent t test
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Table 3. Hormone concentrations before and after enzyme replacement therapy in MPS patients 

Patient (Gender) Time point fT4
TSH

ACTH
Cortisol

FSH
LH Prolactin Growth 

Hormone IGF-1SDS IGFBP-3SDS

P1 (M)

Before treatment
1.06 - -

1.35 

After treatment
1.04 11.6 2.22 15.5 2.4 1.89 -0.18

1.29 11.1 0.13 

P2(M)

Before treatment
1.74 60.4 0.5 7.03 1.09 -2.06 -0.21

2.3  17.5 0.11 

After treatment
1.31 12.7 2.34 2.05 6.04 -1.02 -1.44

1.2 6.96 <0.01 

P3(M)

Before treatment
1.04 29.4 0.627 8.2 2.98 -2 -1.93

2.98 10.3 0.04 

After treatment
1.02 21.7 2.54 2.98 4.94 -1.99 -0.27

1.06 7.79 0.93 

P4(M)

Before treatment
102 20.8 1.94 5.2 3.49 -2.97 -1.6

1.06 6.48 0.138 

After treatment
1.15 15.8 7.23 4.51 6.1 -1.48 0.32

1.2 6.25 2.27 

P5(M)

Before treatment
123 11.4 0.53 8.2 1.01 -2.45 -1.79

1.52 6.91 <0.01 

After treatment
1.11 16.9 2.29 6 1.4 -0.26 1.15

2.78 9.5 1.79 

P6(M)

Before treatment
131 80.5 - - 4.56 -0.75 -

1.58 5.38 

After treatment
1.49 27.7 0.54  9.33 5.33 -0.33 0.22

1.2 8.38 <0.01 

P7(M)

Before treatment
1.1 48 - - - -

1.62 18.9

After treatment
1.56 21.4 0.26 8.64 2.06 -1.48 1.37

2.98 12.45 <0.01

P8(M)

Before treatment
1.29 12.2 0.99 8.98 1.4 -2.92 -1.06

1.95 6.41 0.33 

After treatment
1.54 *2.53 0.94 4.63 2.31 2.11 2.58

0.26 1.37 <0.01 

P9(M)

Before treatment
1.44 - - - - -

1.18 

After treatment
1.24 72.4 2.13  15.8 0.84 0.03 2.18

1.41 22.5 0.12

P10(M)

Before treatment
1.23 10 0.8 9.68 0.62 -2.85 -3.1

1.87 5.88 <0.01 

After treatment
1.21 36.7 2.99 17.4 2.98 -1.7 -0.11

4.72 13.68 3.7 

P, Patient; F, Female; M, Male; fT4, Free Thyroxine; TSH, Thyroid-stimulating hormone; ACTH, Adrenocorticotropic hormone; LH, Luteinizing hormone; FSH, fol-
licle-stimulating hormone; IGF-1, Insulin-like growth factor-1; IGFBP-3, Insulin-like growth factor binding protein-3. Normal range for FSH; Males, 1.7–12; Females, 
1.5–12 IU/L, for LH; Males, <0.2–7, Females, 0.2–8 IU/L, for TSH; 0.33–6 mIU/mL, for fT4; 0.83–1.76 ng/dL, for ACTH;7.2-63.3 pg/mL, for Cortisol; 3.1-22.4 mcg/
dL, for prolactin; 2.1–17.7 ng/mL, for GH; 0.09–6.29 ng/mL, *Low-dose ACTH stimulation test was performed on the patient, peak cortisol response was 25 mcg/dl.
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Discussion

GAG deposition has been reported in the pituitary gland, exocrine 
and endocrine cells of the pancreas, adrenocortical cells, follicular 
epithelial cells of the thyroid, and gonads in MPS patients [3]. 
This may be one of the causes of growth retardation and other 
endocrine system disorders. The most clinically prominent stunted 
growth occurs in MPS type IVA, followed by MPS VI, MPS VII, 
and then MPS II; growth retardation is not the primary finding in 
MPS III [1]. Final stature is always shorter than healthy individuals 
in all forms of MPS [9]. The pathogenesis of short stature in 
MPS is not fully elucidated, but progressive deposition of GAG 
in cartilage and bone tissue has been implicated as the cause of 
skeletal deformities and short stature in these patients. Simonaro 
et al. reported that GAG storage causes apoptosis of cartilage 
cells, damage to the growth plate, and hyperplasia of synovial 
membranes, leading to disruption of the connective tissue structure 
[16]. The effect of ERT on long-term growth in patients with MPS 
has been investigated although results are contradictory. Some 
studies have shown that ERT has a positive impact on growth in 
patients with MPS type II [17] while others have reported no effect 
on growth [18]. Doherty et al. showed that the growth of 128 MPS 
type IV patients receiving ERT was not different from untreated 
patients [11]. Other studies have demonstrated that ERT has no 
significant effect on growth in patients with MPS type IV [19]. 
Although there are studies [8,20] showing the positive impact of 
ERT on growth in patients with MPS type VI, Lin et al. reported 
that patients with MPS type VI treated with ERT did not achieve a 
significant gain in height, and none of the patients reached the 3rd 
percentile in final height [21].

In our patients, severe short stature was present at diagnosis, and 
worsening of height SDS was observed, despite ERT. There was 
no significant increase in BMI SDS in any of our patients. This 
may suggest that the rapid progression in the natural process of 
the disease is slowed by ERT. The mean age of our patients at the 
start of ERT was 7.6 years, although this ranged widely from 1.3 
to 15 years. This relatively late start of treatment may have skewed 
some of the growth change due to early compromise of the normal 
growth process. However, adequate treatment duration was not 
present in two type II cases in whom ERT was started before 5 
years of age.

While serum basal growth hormone levels were high in three of 
our patients, serum basal IGF-1 (ng/ml) levels were low in five 
of our patients, and GHD was detected in three patients. This 
suggests, respectively, a GH receptor synthesis defect in the liver 
(which is expected in MPS), insufficiency of IGF-1 synthesis 
(the mediator of GH signaling), and development of GHD due 
to GAG accumulation in the pituitary. Cases that benefited from 
GH replacement have been reported in the literature. In the case 
series published by Cattoni et al., it was shown that there was a 
significant increase in the rate of growth with GH treatment, 
lasting 12-24 months, in MPS patients, of whom two had MPS IH 
[Hurler/Scheie syndrome], one had MPS IV, and one had MPS VI 
nd all of whom had developed GHD [22]. More evidence is needed 
on the efficacy of GH treatment in MPS patients with GHD. We 
regularly evaluate our patients in terms of GD treatment.

In patients with MPS, there is an increased risk of poor bone 
mineralization due to decreased physical activity resulting from 

malnutrition, gait disturbance, pain, poor general condition, 
or exercise intolerance [23]. Our study observed a significant 
improvement in the DEXA BMD z-score values of our patients 
after ERT compared to the pre-ERT baseline. Although it has 
been reported that bone growth and mineralization are affected 
by GAG deposition in animal models of MPS [24], few studies 
have evaluated BMD in patients with MPS [23,25]. In the survey 
conducted by Lin et al., it was shown that there was a significant 
improvement in BMD after treatment in eight patients with MPS 
(types II and VI) who received ERT treatment for between 1 and 
7.4 years [26]. The improvement in BMD with ERT in MPS 
patients can probably be explained by multiple mechanisms, such 
as decreased GAG deposition in the bones, increased muscle 
strength and endurance, and improved pulmonary function and 
mobility [21,27].

The sex steroid profile and pubertal status of all of our patients 
were appropriate for their age. The study of Celeste et al. found 
puberty delay in 10 of 56 MPS VI patients who received ERT and 
reported that they had puberty progression with two years of ERT 
treatment, and six of them completed puberty [28]. In the case 
report published by Linxin et al., the sex steroids of a 17-year-old 
MPS type IV patient were reported as normal [28].

There was no abnormality in thyroid function tests in any of our 
patients. This finding was consistent with studies in the literature 
[8,28]. In another study conducted in 2011, in which 78 patients 
were followed up with MPS IVa, and 50 healthy controls were 
compared, no significant difference was reported in TSH levels 
[29]. In a case report published in 2019, TSH and fT4 values of 
MPS type II patients were reported to be within normal limits [30].

In our study, the basal ACTH and cortisol values of the patients 
before and after ERT were within normal limits. In addition, the 
response of Patient 8 (MPS type IV) to the ACTH stimulation test, 
whose baseline ACTH and cortisol levels were low after treatment, 
was evaluated as normal. Linxin et al. found low baseline ACTH 
and cortisol levels in a 17-year-old MPS IV patient in their case 
report. They stated that adrenocortical insufficiency may be 
associated with compression-related organ dysfunction caused 
by skeletal deformities in the patient with normal pituitary MRI 
and adrenal imaging [28]. Some limitations of the study are that 
(1) the number of cases is low; (2) there was no control group; 
(3) different age at onset of treatment; (4) wide age range; non-
homogenous patient profile.

Conclusion

Apart from growth retardation, which is one of the most prominent 
features of MPS, no severe dysfunction was detected in other 
endocrine organs in our patients with MPS. It was observed that 
the height SDS of our patients did not improve with ERT. On 
the contrary, their height SDS worsened with age. As previously 
reported, the effect of ERT on height gain is limited. However, it 
should be kept in mind that, in addition to the known mechanisms 
of growth retardation in patients with MPS, GHD may occur 
despite ERT and was present in 30% of our patients. Although 
there is not enough data on the efficacy of GH treatment in MPS 
patients with GH deficiency, normal growth can be achieved with 
ERT, started at a very early age, together with effective metabolic 
control and GH treatment. It was observed that the decreased BMD 
of our patients improved with ERT. In conclusion, patients with 
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MPS should be followed up in terms of endocrine problems. It is 
predicted that good metabolic control with ERT treatment starting 
at an early age will be beneficial in preventing complications.
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