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SUMMARY

Endocrine disorders are common in patients with Prader-Willi syndrome (PWS). Whether
hypothyroidism is present in patients with PWS, and especially infants and young children, remains
unclear. The aims of this study were to evaluate thyroid function in patients with PWS, to assess the
prevalence of thyroid dysfunction, and to evaluate the effect of growth hormone on thyroid function.
Subjects were 23 patients with PWS ages 3 months to 3 years who were followed for up to one year.
Four patients were lost to follow-up after the first visit. The remaining 19 patients were treated with
recombinant human growth hormone (rhGH). PWS was diagnosed based on a genetic analysis. Free
thyroxine (FT4), free triiodothyronine (FT3), and thyroid-stimulating hormone (TSH) levels were
evaluated before and after growth hormone treatment. A total of 9 patients (9/23 = 39.1%) developed
abnormal thyroid function. Five out of 23 patients (21.7%) had abnormal thyroid function before
growth hormone treatment. Four patients developed thyroid dysfunction during the 3- to 9-month
period of rhGH treatment. Of the 9 patients with abnormal thyroid function, 7 (5 boys, 2 girls) had
central hypothyroidism, and the other 2 patients had subclinical hypothyroidism. TSH levels were
higher in patients with PWS due to maternal uniparental disomy (UPD) than in patients with PWS
due to a 15q11-q13 deletion. The prevalence of hypothyroidism was high in infants and young
children with PWS. Thyroid function should be regularly monitored in patients with PWS at both
diagnosis and follow-up.
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1. Introduction
Prader-Willi syndrome (PWS) is a complex genomic
imprinting disorder in which afflicted individuals
experience physical and behavioral abnormalities.
PWS is caused by the loss of expression of paternally
transcribed genes in a highly imprinted region of
chromosome 15q11-q13 (1). The most common
molecular alteration is deletion of the paternal copy of
the gene locus (70%), and the remaining cases result
from maternal uniparental disomy (28%) and imprinting
defects (2%) (2).
Abnormalities of the hypothalamo-pituitary
axis are present in PWS (3). Magnetic resonance
imaging studies have revealed hypothalamic-pituitary
abnormalities, including anterior pituitary hypoplasia
and an absent, small, or ectopic posterior pituitary
gland, in more than 50% of patients with PWS (4,5).
Whether hypothyroidism is present and whether it

should be treated in PWS remains unclear, and this is
especially true in infants and young children (6-8). This
is an important question because hypothyroidism can
contribute to delayed psychomotor development when
present early in life and left untreated. Several studies
have investigated thyroid function in children with PWS,
and central hypothyroidism has been found in 20-30% of
patients with PWS (9,10). However, thyroid function in
patients with PWS needs to be further explored in infants
and young children.
The current study retrospectively analyzed thyroid
function in 23 patients with PWS between the ages of 3
months and 3 years from August 2014 to January 2019,
and it investigated the effect of growth hormone on
thyroid function by comparing the results before and 3
and 6 months after treatment with recombinant human
growth hormone (rhGH).
2. Patients and Methods
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2.1. Patients and blood samples
Potential subjects were 23 patients with PWS ages
3 months to 3 years. All of patients were regularly
followed up at Xinhua Hospital in Shanghai, China.
Height (or length) and weight were measured with the
patient wearing light clothing without shoes. Height was
measured to the nearest 0.1 cm with a wall-mounted
stadiometer. Body weight was measured to the nearest
0.1 kg. Body mass index (BMI) was calculated as the
weight in kg/height in meters squared. All of the patients
had a normal thyroid-stimulating hormone (TSH) level
at neonatal screening for congenital hypothyroidism.
A group of 22 healthy children ages 1-3 years were
served as the control group. This study was approved
by the Ethics Committee of this hospital. Due to the
retrospective nature of the study, informed consent was
waived.
An automated chemiluminescent immunoassay was
used to measure thyroid hormone levels. The reference
values were 3.5-6.5 pmol/L for free triiodothyronine
(FT3), 11.5-22.7 pmol/L for free thyroxine (FT4), and
0.55-4.78 μIU/mL for TSH. Thyroid function was
classified as euthyroidism (normal FT4 level and TSH
level ≤ 5 μIU/mL), hypothyroidism (low FT4 level and
TSH level ≥ 10 μIU/mL), central hypothyroidism (low
FT4 level and TSH level ≤ 5 μIU/mL), or subclinical
hypothyroidism (normal FT4 level and TSH level > 5
μIU/mL).
2.2. Statistical analysis
Data were processed and statistically analyzed using
SPSS 13.0 (SPSS, Chicago, IL, USA). Normally
distributed data are reported as the mean ± SD, and
skewed data are presented as medians. Betweengroup comparisons were performed using the MannWhitney U-test and Fisher's exact test for differences in
proportions. P < 0.05 indicated a statistically significant
difference.
3. Results and Discussion
Potential subjects were 23 patients with PWS (12 boys,
11 girls) ages 3 months to 3 years. The diagnosis of
PWS was genetically confirmed in all of the patients.
PWS was due to a 15q11-q13 deletion in 17 subjects
(73.9%) and by uniparental disomy (UPD) in 6 subjects
(26.1%). Four of the 23 patients (17.4%) were born
prematurely, and seven patients (30.4%) were small
for gestational age (SGA). The mean birth weight and
length were 2.6 kg ± 0.43 kg (-2.02 ± 1.37 SD) and
48.71 cm ± 1.64 cm (-0.8 ± 0.99 SD), respectively.
Patients with PWS had a median (IQR) age of 0.67
years (0.25-2.67 years). At diagnosis, the mean and SD
of length and weight in patients with PWS were -1.42
±1.51 SD and -0.8 ± 0.99 SD, respectively. Patients

with PWS often had a low birth weight and were SGA
(30.4%). This finding is consistent with the results of
previous studies. Diene et al. studied 142 children with
PWS (age 0.2-18.8 years) and found that the median
birth weight was 2.65 kg (1.16-3.9), corresponding to
-1.2 SD (-3.5 to +3.8). Thirty-seven out of 142 (30%)
patients were born SGA (10). Mean maternal age was
30.3 ± 4.1 years. Mean paternal age was 32.3 ± 5 years.
Most patients exhibited hypotonia, feeding difficulties,
growth retardation, and microphallus. All boys had
cryptorchidism, which had been surgically treated. One
boy had congenital bilateral hip dislocation.
In contrast to several previous studies (11-13), the
current findings revealed a relatively high prevalence
of abnormal thyroid function in 5 out of 23 patients
(21.7%) on the first test of thyroid function, with a
higher frequency in males (4/5, 80%). The five patients
were receiving substitutive therapy with L-thyroxine
(Table 1, Patient 1 to Patient 5). A large population
study found that 13.6% of patients (46/339) had
abnormal thyroid function at subject recruitment, and
abnormal thyroid function was also more common in
males (27/46, 58.7%) (7). Another study reported that
thyroid function was normal in newborn screening of
infants with PWS (14). Moreover, that study found
hypothyroidism in only one out of 21 older children
(ages < 2 years) with PWS. However, the prevalence
of hypothyroidism was higher in other studies. Diene
et al. reported that 31 out of 127 subjects (24.4%) with
PWS in France were diagnosed with hypothyroidism
(10). In addition, a study of 18 patients with PWS
conducted during the first 2 years of life reported that
the prevalence of hypothyroidism (serum total thyroxine
and/or FT4 levels below the 25th percentile of the
reference population) was 72% (15). Studies of adult
patients with PWS have reported that the frequency of
hypothyroidism is 2.12% (1/47), which is similar to its
frequency in the general population (16). Overall, thyroid
function needs to be monitored when caring for infants
and young children with PWS.
Four patients (Patient 6 to Patient 9, Table 1) had
abnormal thyroid function during rhGH therapy for
3 to 9 months. In the current study, abnormal thyroid
function was most often central hypothyroidism (7/9),
suggesting that hypothalamic-pituitary-thyroid axis
dysfunction might be a common feature in infants with
PWS. This finding agrees with the results of most of
the previous studies. Lorenzo et al. studied 339 patients
with PWS (ages 0.2 to 50 years) and noted central
hypothyroidism in 23 patients (7). Of those patients, 14
were under the age of 2 years. The highest prevalence
of central hypothyroidism was reported by Vaiani et al.,
with a rate of 72.2% (13/18) in a group of 18 infants
with PWS (ages 0.16-2 years) (15). These findings
indicate that there is a high incidence of transient
or definitive hypothalamic-pituitary-thyroid axis
dysfunction in patients with PWS.
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Table 1. Abnormal thyroid function in patients with PWS before and after GH treatment
Patient no.
1
2
3
4
5
6
7
8
9

Status

Sex

Age (yrs)

FT3

FT4

TSH

Diagnosis

Mutation

Baseline
Baseline
Baseline
Baseline
Baseline
3 months
3 months
3 months
3 months

F
M
M
M
M
M
M
F
F

0.83
0.94
0.37
1
0.46
1.08
0.56
0.5
1.17

5.2
4.32
4.18
2.88
6.06
4.08
5.68
4.54
3.71

11.36
10.21
8.81
9.91
14.61
8.56
14.34
10.94
10.38

2.11
2.47
2.64
2.13
5.25
3.17
5.29
0.46
0.28

CEH
CEH
CEH
CEH
SH
CEH
SH
CEH
CEH

UPD
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL

CEH, central hypothyroidism; DEL, 15q11-q13 deletion; F, female; FT3: free triiodothyronine; FT4, free thyroxine; M, male; SH, subclinical
hypothyroidism; TSH, thyroid-stimulating hormone; UPD, uniparental disomy.

Table 2. Comparation of thyroid hormone levels in different groups of patients with PWS
Variables

PWS
(n = 23)

CON
(n = 22)

Boys
(n = 12)

Girls
(n = 11)

DEL
(n = 17)

UPD
(n = 6)

Baseline
(n = 9)

3 months

Baseline
(n = 4)

6 months

5.45 ± 0.95 5.88 ± 0.73 5.48 ± 1.152 5.42 ± 0.73 5.41 ± 1.08 5.58 ± 0.45 5.9 ± 0.75 5.77 ± 0.77 6.09 ± 0.47 6.15 ± 0.55
FT3
(pmol/L)
12.96 ± 1.92 15.91 ± 2.63 13.12 ± 2.32 12.8 ± 1.44 12.73 ± 2 13.63 ± 1.63 13.03 ± 1.17 13.09 ± 2.05 14.54 ± 1.87 14.24 ± 2.89
FT4
(pmol/L)
2.066 ± 0.96 2.07 ± 0.9 2.56 ± 1.23 1.89 ± 0.64 2.01 ± 1.13 2.19 ± 0.29* 1.16 ± 0.39 1.45 ± 0.148 1.67 ± 0.39 1.45 ± 0.148
TSH
(uIU/L)
*

P < 0.05 (P = 0.0353). Baseline, before growth hormone treatment; PWS, Prader-Willi syndrome; 3 months, 3 months of growth hormone
treatment; 6 months, 6 months of growth hormone treatment.

Table 3. Comparation of the prevalence of thyroid dysfunction in different groups of patients with PWS
Variables
Prevalence of Thyroid Dysfunction
Prevalence of Normal Thyroid Function
P

Boys (n = 12)

Girls (n = 11)

DEL (n = 17)

UPD (n = 6)

3/12 (25%)
9/12 (75%)
0.54

2/11 (11.2%)
9/11 (81.8%)
0.54

4/17 (23.5%)
13/17 (76.5%)
0.61

1/5 (20%)
4/5 (80%)
0.61

Although abnormal thyroid function seemed to
be more common in boys than girls, there were no
differences in thyroid hormone between the two groups
(Table 2), and this finding was similar to the results
of previous reports (16). Likewise, there were no
differences in the proportion of patients with thyroid
dysfunction by gender or cause of PWS (Table 3). Only
TSH levels were found to be higher in patients with
PWS due to UPD than in patients with PWS due to a
15q11-q13 deletion. However, the mean levels of TSH
were within the reference range, and there were no
differences in FT3 and FT4 levels between those two
groups. Thus, the clinical significance of higher TSH
levels in PWS due to UPD is unclear and needs to be
studied further.
All children were naive to GH treatment at the
start of the study. They received a dose of 0.5 mg-1
mg rhGH/m2/day. Four patients were lost to followup after the first visit. After 3 months of GH treatment,
3 patients (21.4%, 3/14) developed abnormal thyroid
function. Two of the three (1 boy and 1 girl) had central
hypothyroidism, and the third (1 boy) had subclinical

hypothyroidism. Another boy was diagnosed with
central hypothyroidism after rhGH treatment for 9
months (Table 1). Daily doses of rhGH in these four
patients were 0.5 mg-0.6 mg/m2/day. There were no
differences in thyroid hormone levels between subjects
with normal thyroid function before and 3 months and
6 months after rhGH treatment (Table 2).
A few studies have reported the effects of GH
treatment on thyroid function in patients with a GH
deficiency and hypopituitarism (17-19). GH may
increase the serum FT3 level and decrease the serum FT4
level by up-regulating type 2 iodothyronine deiodinase
expression (20). In a study of thyroid function in 75
children (ages between 6 months and 16 years) with
PWS receiving rhGH therapy at a dose of 1 mg/m2/day
for 1 year, 25% of the patients with PWS were found to
have central hypothyroidism with significantly lower
FT4 levels while TSH levels were normal (12). This
suggests that patients with PWS were likely to suffer
from hypothyroidism during GH treatment.
In conclusion, the prevalence of hypothyroidism is
high in infants and young children with PWS. Thyroid
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function should be regularly monitored in patients with
PWS at both diagnosis and follow-up.
Funding: None.

13.

Conflict of Interest: The authors have no conflicts of
interest to disclose.
References

14.

1.

Butler MG. Prader-Willi Syndrome: Obesity due to
genomic imprinting. Curr Genomics. 2011; 12:204-215.
2. Cassidy SB, Schwartz S, Miller JL, Driscoll DJ. PraderWilli syndrome. Genet Med. 2012; 14:10-26.
3. Harris RM, Stafford DEJ. Prader Willi syndrome:
Endocrine updates and new medical therapies. Curr Opin
Endocrinol Diabetes Obes. 2020; 27:56-62.
4. Iughetti L, Bosio L, Corrias A, Gargantini L, Ragusa
L, Livieri C, Predieri B, Bruzzi P, Caselli G, Grugni
G. Pituitary height and neuroradiological alterations
in patients with Prader-Labhart-Willi syndrome. Eur J
Pediatr. 2008; 167:701-702.
5. Emerick JE, Vogt KS. Endocrine manifestations and
management of Prader-Willi syndrome. Int J Pediatr
Endocrinol. 2013; 2013:14.
6. Konishi A, Ida S, Shoji Y, Etani Y, Kawai M. Central
hypothyroidism improves with age in very young
children with Prader-Willi syndrome. Clin Endocrinol
(Oxf). 2021; 94:384-391.
7. Iughetti L, Vivi G, Balsamo A, et al. Thyroid function
in patients with Prader-Willi syndrome: An Italian
multicenter study of 339 patients. J Pediatr Endocrinol
Metab. 2019; 32:159-165.
8. Oto Y, Murakami N, Matsubara K, Saima S, Ogata
H, Ihara H, Nagai T, Matsubara T. Effects of growth
hormone treatment on thyroid function in pediatric
patients with Prader-Willi syndrome. Am J Med Genet A.
2020; 182:659-663.
9. Miller JL, Goldstone AP, Couch JA, Shuster J, He
G, Driscoll DJ, Liu Y, Schmalfuss IM. Pituitary
abnormalities in Prader-Willi syndrome and early onset
morbid obesity. Am J Med Genet A. 2008; 146A:570577.
10. Diene G, Mimoun E, Feigerlova E, Caula S, Molinas
C, Grandjean H, Tauber M; French Reference Centre
for PWS. Endocrine disorders in children with PraderWilli syndrome – Data from 142 children of the French
database. Horm Res Paediatr. 2010; 74:121-128.
11. Butler MG, Smith BK, Lee J, Gibson C, Schmoll C,
Moore WV, Donnelly JE. Effects of growth hormone
treatment in adults with Prader-Willi syndrome. Growth
Horm IGF Res. 2013; 23:81-87.
12. Festen DA, Visser TJ, Otten BJ, Wit JM, Duivenvoorden

15.

16.
17.
18.

19.

20.

HJ, Hokken-Koelega AC. Thyroid hormone levels in
children with Prader-Willi syndrome before and during
growth hormone treatment. Clin Endocrinol (Oxf). 2007;
67:449-456.
Tauber M, Barbeau C, Jouret B, Pienkowski C, Malzac
P, Moncla A, Rochiccioli P. Auxological and endocrine
evolution of 28 children with Prader-Willi syndrome:
Effect of GH therapy in 14 children. Horm Res. 2000;
53:279-287.
Sharkia M, Michaud S, Berthier MT, Giguère Y, Stewart
L, Deladoëy J, Deal C, Van Vliet G, Chanoine JP.
Thyroid function from birth to adolescence in PraderWilli syndrome. J Pediatr. 2013; 163:800-805.
Vaiani E, Herzovich V, Chaler E, Chertkoff L, Rivarola
MA, Torrado M, Belgorosky A. Thyroid axis dysfunction
in patients with Prader-Willi syndrome during the first 2
years of life. Clin Endocrinol (Oxf). 2010; 73:546-550.
Butler MG, Theodoro M, Skouse JD. Thyroid function
studies in Prader-Willi syndrome. Am J Med Genet A.
2007; 143A:488-492.
Giavoli C, Profka E, Rodari G, Lania A, Beck-Peccoz P.
Focus on GH deficiency and thyroid function. Best Pract
Res Clin Endocrinol Metab. 2017; 31:71-78.
Ebuchi Y, Kubo T, Furujo M, Higuchi Y, Fujinaga S,
Tsuchiya H, Urata N, Ochi M, Namba T, Hara N, Kishi M.
Effect of growth hormone therapy on thyroid function
in isolated growth hormone deficient and short small for
gestational age children: A two-year study, including on
assessment of the usefulness of the thyrotropin-releasing
hormone (TRH) stimulation test. J Pediatr Endocrinol
Metab. 2020; 33:1417-1423.
Agha A, Walker D, Perry L, Drake WM, Chew SL,
Jenkins PJ, Grossman AB, Monson JP. Unmasking of
central hypothyroidism following growth hormone
replacement in adult hypopituitary patients. Clin
Endocrinol (Oxf). 2007; 66:72-77.
Yamauchi I, Sakane Y, Yamashita T, Hirota K, Ueda Y,
Kanai Y, Yamashita Y, Kondo E, Fujii T, Taura D, Sone
M, Yasoda A, Inagaki N. Effects of growth hormone on
thyroid function are mediated by type 2 iodothyronine
deiodinase in humans. Endocrine. 2018; 59:353-363.

Received March 26, 2021; Revised August 4, 2021; Accepted
August 18, 2021.
*Address correspondence to:
Huiwen Zhang, Department of Pediatric Endocrinology/
Genetics, Xinhua Hospital, Shanghai JiaoTong University
School of Medicine, Shanghai Institute for Pediatric Research,
Shanghai 200092, China.
E-mail: zhanghuiwen@xinhuamed.com.cn
Released online in J-STAGE as advance publication August
25, 2021.

www.irdrjournal.com

