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Abstract

Objective: A growth hormone receptor (GHR) gene polymorphism impacts sensitivity to 

endogenous and exogenous growth hormone (GH) to moderate growth and development. 

Increased sensitivity may accelerate spinal growth and contribute to scoliosis, particularly in GH-

deficient and treated populations such as Prader-Willi syndrome (PWS). Therefore, we examined 

the relationship between GHR genotype and scoliosis (case and control) in PWS cohorts.

Design: We utilized a case-control design in a study of 73 subjects (34M; 39F) with genetically 

confirmed PWS in 32 individuals previously diagnosed with moderate to severe scoliosis (mean 

age = 16.9 ± 10.2 years; age range of 1 to 41 years) and 41 adults with no evidence of scoliosis 

(mean age = 30.8 ± 9.7 years; age range of 18 to 56 years). The GHR gene polymorphism was 

determined using PCR specific primers to capture the two recognized GHR gene fragment sizes 

[i.e., full length (fl) or exon 3 deletions (d3)].

Results: Twenty-three (72%) of the 32 case subjects with scoliosis required surgical correction 

with an approximately equal balance for gender and PWS genetic subtype among cases and 41 

control subjects without scoliosis. The GHR d3/d3 genotype was identified in N = 2 of 8 (25%) 

cases with scoliosis and the d3/fl genotype was identified in N = 11 of 25 (44%) cases with 

scoliosis but the distribution difference did not statistically differ. The GHR fl/fl genotype was 

correlated with a significantly faster rate and heavier weight gain among case subjects.

Conclusion: Our examination of demographic and genetic markers associated with scoliosis and 

surgical repair in PWS found no evidence to support differences in gender, PWS genetic subtype 

or GHR d3 allele distributions among the case vs control groups. Those with fl/fl alleles were 

heavier than those with d3/d3 or d3/fl genotypes and warrant further study with a larger sample 

size and possibly to include other vulnerable populations requiring growth hormone treatment.
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1. Introduction

Prader-Willi syndrome (PWS) is a rare genetic obesity-related disorder occurring in about 1 

in 15,000–30,000 births [1–4]. PWS results from the loss of paternally expressed genes from 

the genomic imprinted 15q11-q13 region [1–3] usually from a de novo paternally derived 

15q11-q13 deletion [5]. PWS is characterized by infantile central hypotonia with failure to 

thrive, a poor suck and feeding difficulties; growth and other hormone deficiency leading to 

short stature, small hands and feet and decreased muscle mass; hypogonadism with genital 

hypoplasia in both males and females and reduced cognition with behavioral problems [1–

3,6–8]. Increased feeding and hyperphagia in early childhood leads to precocious obesity 

without strict oversight and obesity-related morbidity and mortality [1–3,9]. Both 

hyperphagia and decreased growth in PWS are hormone-based due to dysfunction of the 

hypothalamic-pituitary-adrenal (HPA) axis [1–3,6–10].

Individuals with PWS respond to treatment with growth hormone (GH) approved by the 

FDA in 2000 for children with PWS with increased stature, lean body mass and physical 

activity with reduced obesity status [9–15]. The vast majority of children with PWS in the 

United States are treated with GH with a positive impact on growth and body composition 

by as little as two years of treatment [15]. Furthermore, GH exposure for at least 40% of the 

life span results in near normal height by 18 years of age according to syndrome-specific 

standardized PWS growth charts [16]. However, increased growth associated with growth 

hormone treatment combined with lower muscle mass and strength and severe hypotonia, 

common in PWS at baseline, may increase the risk or propensity for scoliosis defined as a 

skeletal back curve > 10° using standing X-rays [2,17].

Before the approval of GH therapy in PWS, scoliosis was reported in 44% of individuals [1]. 

Later, about 30% of individuals treated with GH during childhood typically presented with 

lumbar or thoracolumbar skeletal curves [18]. Musculoskeletal manifestations following 

physical, orthopedic and radiological evaluations of the spine, hip joints and lower 

extremities found that scoliosis and limb malalignment were present in 64% of patients with 

PWS. Scoliosis correlated with a higher body mass index (BMI) which generally followed a 

bimodal distribution pattern developing prior to 4 years of age or later at the time of normal 

puberty which is delayed in PWS [17]. In addition, central hypotonia and effects on 

development of infantile spinal curvature may be impacted by GH treatment in PWS. GH-

mediated effects are influenced by genetic factors that may influence the rate of skeletal 

growth, muscle response and the development of scoliosis including the growth hormone 

receptor (GHR). Growth hormone is the endogenous ligand of this transmembrane receptor 

which is responsible for intra and intercellular signaling pathways which leads to growth.

A common polymorphism of the GHR gene includes a deletion of exon-3 (d3) which is seen 

in about 50% of Caucasians [19]. Two recognized isoforms [full length (fl); exon 3 deletion 

(d3)] exist with the GHR d3 polymorphism associated with increased sensitivity to growth 

hormone [19,20]. This gene polymorphism leads to an accelerated growth rate including for 

PWS when treated with GH [19,21]. It is not clear if increased sensitivity towards growth 

hormone associated with the GHR d3 polymorphism influences the rate of scoliosis and 
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severity. The aims for our study were to assess the relationship between GHR gene allele 

subtypes and risk for scoliosis in a cohort of individuals with PWS and GH treatment by 

studying those with moderate to severe scoliosis and those without a history of scoliosis.

2. Methods

2.1. Subjects

Seventy-three subjects (34M; 39F) were studied with genetic confirmation of PWS and 

available genetic subtypes (15q11-q13 deletion, N = 38; maternal disomy 15 (UPD), N = 30; 

imprinting defect, N = 5) with medical, skeletal and surgical information including growth 

hormone therapy data. Case reports and samples were drawn from existing clinical trial data 

and longitudinal study of PWS clinical course. A case-control study design was undertaken 

of individuals with PWS from the clinical setting following signed informed consent forms 

approved by the local Institutional Review Board for research on human subjects. Thirty-two 

individuals (mean age = 16.9 ± 10.2 years, age range 1 to 41 years) were previously 

diagnosed with moderate to severe scoliosis with 23 requiring surgical intervention and 

included as case subjects while 41 adults with PWS (mean age = 30.8 ± 9.7 years, age range 

18 to 56 years) were selected with no evidence of scoliosis and included as controls. The 

average age for control subjects with PWS without scoliosis was older than the case subject 

group due to our selection and inclusion/exclusion criteria which required control 

participants with PWS to reach their final height without scoliosis.

2.2. GHR gene polymorphism

Polymerase chain reaction (PCR) generated fragments using specific primers to capture the 

two GHR gene fragment sizes [i.e., full length (fl) or exon 3 deletion (d3)] (see Fig. 1) to 

identify allele subtypes following protocols previously reported [21]. The GHR exon 3 

deletion was identified using PCR with primers G1, G2, and G3 obtained from Integrated 

DNA Technologies (Coralville, Iowa; GenBank accession number AF155912). Genotyping 

was performed on DNA collected from blood or saliva on each subject to identify the GHRfl 
and GHRd3 alleles, using two separate PCR procedures with primers G1/G2 and G1/G3 run 

as separate reactions. The following PCR cycle parameters were used for G1/G2: the initial 

denaturation for 5 min at 94 °C followed by 35 cycles of 30 s at 94 °C, 60 s at 60 °C; and for 

90 s at 72 °C, followed by a final extension period for 7 min at 72 °C. The following PCR 

cycle parameters were used for G1/G3: the initial denaturation for 5 min at 94 °C followed 

by 40 cycles of 30 s at 94 °C, 60 s at 60 °C; and for 90 s at 72 °C, followed by a final 

extension period for 7 min at 72 °C. Electrophoresis of the PCR fragments was performed 

with 2% agarose. Primers for G1 and G3 generate a PCR fragment of 935 bp indicating the 

wild type full length (fl) allele while primers G1 and G2 generate a PCR fragment of 532 bp 

representing the deletion (d3) allele indicating the exon 3 deletion (see Fig. 1).

2.3. Statistical analysis

The study methodology utilized a case-control study design with two case classifications: 

those with diagnostically confirmed scoliosis in childhood (standing skeletal back X-ray 

with curve > 10°) and those with progressing scoliosis that required bracing in childhood or 

surgical repair if not responsive to bracing. ANOVA was used for age comparisons and Chi 
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Square analysis was employed with categorical variables to determine the gender, PWS 

genetic subtype and GHR d3 gene polymorphism distribution for case vs control participants 

under each classification system. A sample size of N = 38 subjects per group (comparable to 

an N = 35/N = 42 ratio of participants) has 80% power to detect a 30% increase in the 

frequency of the d3 gene polymorphism in scoliosis patients at a p = 0.05 level of alpha 

which would be deemed clinically meaningful. A sample size of N = 71 subjects per group 

would be required to detect a 20% difference. The relationship between GHR receptor allele 

type and body measures over the lifespan was examined using trend lines, linear and 

polynomial regression modeling. Q-Q residual plots were examined for model fit and 

linearity of height and weight distributions for model designation. The impact of GHR allele 

on growth parameters were determined by the interaction term for the “Age by GHR allele.”

Additionally, the probability of any GH treatment or GH treatment under 12 years of age 

was calculated using the Chi Square test and logistic regression modeling controlling for 

age, PWS genetic subtype and GHR gene polymorphism. The average length in years of GH 

treatment for case vs control subjects was examined using linear regression modeling 

thereby controlling for age, PWS genetic subtype and GHR gene subtype. All statistical 

analysis was completed using SAS Software System version 8.02.

3. Results

Thirty-two (44%) of the 73 subjects with genetically confirmed PWS were diagnosed with 

scoliosis (12 males, 20 females), and of those, 23 (72%) required surgical correction due to 

severe scoliosis (8 males, 15 females; see Table 1). The number of male and female 

participants had nearly equal representation in both case and control subject groups. The 

distribution of PWS genetic subtypes among subjects were also in approximately equal 

proportions for those with or without scoliosis with a higher, but not statistically significant, 

percentage of maternal disomy 15 (see Table 2) among scoliosis cases and related surgery 

representing the degree of scoliosis. The control group consisted of adults, by design, in 

order to ensure that they were beyond the age of onset for scoliosis and thus the mean age 

for the controls (30.8 ± 9.7 yrs) was significantly higher than in the case group (16.9 ± 10.2 

yrs; F = 35, p < 0.0001).

Table 2 shows the distribution and row percentages of GHR d3 and fl alleles of 32 

individuals with scoliosis in which DNA was available for GHR genotyping. Forty-one 

percent of those with scoliosis and 49% of those without scoliosis had at least one GHR d3 
allele, while 39% of those with scoliosis and surgery had at least one GHR d3 allele. Fig. 1 

shows representative PCR generated GHR gene polymorphisms. The low number of 

individuals with the d3/d3 genotype reduced statistical power and limited our interpretation 

of results related to independent effects for that genotype. Two of 8 (25%) of individuals 

homozygous for the d3 allele had scoliosis compared to thirty of 65 (46%) of the combined 

d3/fl and fl/fl subject groups which was not statistically significant (χ2 = 1.3, p = 0.2). 

Similarly, one of 8 (12%) participants with the d3/d3 genotype required surgical correction 

for scoliosis compared to 22 of 65 (34%) of those with an fl allele (χ2 = 1.5, p = 0.2). A 

larger sample of individuals with the d3/d3 genotype are needed for conclusive assessment 

of these relationships.
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Secondary analyses considered the effects of GHR subtype on body measures over the 

lifespan which were modeled and presented in scatter plots for height and weight by age for 

individual carriers of the GHR d3 allele relative to carriers of the GHR fl/fl allele (see Fig. 

2). A curvilinear growth profile was observed for height by age in individuals with scoliosis 

(Fig. 2A) with carriers of the GHR fl/fl allele showing a sharper increase in slope than 

individuals with the GHR d3 allele. The model for this relationship was statistically 

significant (F = 11.5, df = 4, p < 0.0001) but the age X GHR allele interaction term did not 

meet statistical significance (F = 1.56, p = 0.22). Weight for scoliosis cases increased in a 

linear fashion for both allele types; however, individual cases who carried the GHR fl/fl 
allele showed a significantly faster rate of increase in weight than those with the GHR d3 
allele and apparently greater terminal weight (F = 6.24, df = 1, p < 0.02, Fig. 2C). No 

difference in height or weight by GHR allele type was found among adult controls (Fig. 2B, 

D).

Seventy-one percent of those with scoliosis were treated with GH in the past or currently 

compared to 36% for those without scoliosis (χ2 = 9.6, p < 0.002) although those without 

scoliosis were generally older due to our inclusion/exclusion criteria to allow age maturation 

and absence of scoliosis. Growth hormone was not as widely available to adult PWS cohorts. 

Sixty-two percent of those with scoliosis were treated with GH under 12 years of age 

compared to 15% for controls (x2 = 18.8, p < 0.0001). The average length of GH treatment 

was for 6.2 years for those with scoliosis and 1.3 years for those without scoliosis. Exposure 

to GH therapy in PWS is often related to cohort differences in subject age since GH therapy 

has become widely available as standard treatment in PWS since the early 2000s and many 

adults with PWS did not have access to GH treatment in childhood prior to that time. There 

was no difference in the frequency of growth hormone treatment for d3 (N = 8, 61%) fl/fl (N 
= 13, 68%) allele types for the scoliosis cases (χ2 = 0.16, p = 0.69) and exposure to growth 

hormone did not significantly impact the growth parameters.

4. Discussion

Our examination of the distribution of demographic and genetic markers associated with 

scoliosis and surgical scoliosis repair in PWS did not find evidence to support differences in 

gender, PWS genetic subtype or GHR d3 allele distribution among case vs control groups. 

Individuals with scoliosis and scoliosis related surgery were significantly more likely to have 

prior GH treatment particularly in childhood (60–70% vs 20–40%) and for a significantly 

longer period of treatment time (6.2 years vs 1.3 years for scoliosis; 7.2 years vs 1.6 years 

for surgical correction). This relationship is impacted by the age disparity between case and 

control subjects, which would differentially increase access to GH treatment in the younger 

case subjects.

A relatively small number of individuals with the GHR d3/d3 genotype presented with 

scoliosis and surgical repair compared to those with a GHR fl allele although our number of 

subjects was low (< 10 subjects) and insufficient for statistical analysis. The increased 

sensitivity to growth hormone associated with the homozygous GHR d3/d3 genotype and 

enhanced early musculoskeletal growth and strength could possibly increase spinal stability 

and thereby reducing the later risk for scoliosis. Conversely, the accelerated growth response 
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to standard GH treatment may lead to closer supervision and monitoring by care providers to 

examine for growth rate, skeletal maturation and scoliosis. In this respect, the GHR d3/d3 
genotype may indeed serve as a protective genetic status against the development of 

scoliosis particularly in combination with early GH therapy and surveillance. These 

relationships did not achieve statistical significance but the data trends and potential clinical 

implications of the association do warrant further study.

Secondary analyses of GHR d3 allele type and growth parameters indicated accelerated 

weight gain and higher maximal weight among individuals with scoliosis who carried the 

fl/fl genotype. Conversely, individuals who carried a d3 allele showed a more gradual 

growth in height and weight with age which again may indicate a protective impact of 

increased GH sensitivity in scoliosis. It is possible that increased growth hormone sensitivity 

throughout life improves physiological parameters such as bone density and muscle mass 

leading to improved growth parameters. This may be particularly beneficial in a context of 

low endogenous growth hormone in early development. This association was not found in 

control subjects or a similar PWS cohort with normal spinal development published 

previously [21].

Scoliosis is an understudied feature in PWS with and without GH treatment as noted in a 

report by Shim et al. [22] who found that 23 (64%) of their 36 patients with musculoskeletal 

manifestations had scoliosis and significantly associated limb malalignment. Higher BMI 

values in PWS were also associated with kyphotic deformities and a higher rate of surgical 

intervention [17]. As noted, we found increased weight in individuals in our PWS cohort 

with scoliosis and having the GHR fl/fl allele which may influence risk of skeletal 

abnormalities [21].

Coupaye et al. [23] compared PWS genetic subtypes and frequency of scoliosis and found 

no difference between those with the 15q11-q13 deletion subtype compared with maternal 

disomy 15 (UPD). However, the UPD genotype had a higher frequency of severe or operated 

scoliosis in their study than the deletion subtype in those exposed to GH treatment during 

childhood or adolescence. UPD subtypes also appeared to be overrepresented in our sample 

of moderate to severe scoliosis cases but did not achieve statistical significance.

Our examination of the disturbance of demographic and genetic markers associated with 

scoliosis and surgical repair in PWS found no evidence to support differences in gender, 

PWS genetic subtype or GHR d3 allele distributions among the case vs control group. Those 

with fl/fl alleles were heavier than those with d3/d3 or d3/fl genotypes and warrant further 

study with a larger sample size and possibly to include other vulnerable populations 

requiring growth hormone treatment such as Turner syndrome.
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Fig. 1. 
Representative examples of growth hormone receptor gene (GHR) alleles using polymerase 

chain reaction to identify the wild type fl/fl; heterozygous fl/d3 and homozygous exon-3 

deletion (d3/d3) alleles.
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Fig. 2. 
Scatter plot representations of height (A, B) and weight (C, D) for scoliosis cases (A, C) and 

control (B, D) subjects with Prader-Willi syndrome. Open squares with solid trendlines 

represent individuals with the fl/fl genotype. Closed circles with dotted trendlines indicate 

individuals with a d3/d3 or d3/fl genotype. Scoliosis case subjects homozygous for the d3/d3 
allele are highlighted with arrows.
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