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Abstract. Primary hypothyroidism usually leads to retardation 
of linear growth and delay or even arrest of puberty in juvenile 
patients. In rare cases, pediatric patients with hypothyroidism 
may present with signs of VanWyk-Grumbach's syndrome 
(VWGS), which includes juvenile hypothyroidism, delayed 
bone age and pseudoprecocious puberty. The present study 
reported on a rare case of VWGS and other complications, 
including obesity, short stature, hepatomegaly and pituitary 
hyperplasia. In addition, a comprehensive literature review 
was performed to illustrate the treatment and outcome of 
VWGS in pediatric patients. The present study contributed to 
the current knowledge regarding the diagnosis and treatment 
of VWGS in pediatric patients.

Introduction

VanWyk-Grumbach syndrome (VWGS) is characterized by 
delayed bone age, juvenile hypothyroidism and isosexual 
precocious puberty (1). VWGS patients usually show decreased 
free thyroxine (T4), together with elevated prolactin, estradiol 
and thyroid-stimulating hormone (TSH). At present, VWGS 
is well acknowledged as a prepubertal response mediated by 
follicle-stimulating hormone (FSH). Besides, the expression 
of luteinizing hormone (LH) is suppressed as revealed by the 
elevation of LH-releasing hormone (LHRH). All of these results 
confirmed that VWGS is a gonadotropin‑releasing hormone 
(GnRH)-independent type of precocious pseudopuberty (2-9).

Phenotypically, female patients with VWGS show breast 
enlargement, early onset of menstrual bleeding and enlarged 
multicystic ovaries. In male patients, the only symptom is 
testicular enlargement without substantial Leydig cell stimula-
tion or testosterone secretion (5). To the best of our knowledge, 
the incidence of VWGS has been more commonly reported in 
females (3,4,10,11), with very few case studies on males (9,12). 
The present case report presented a boy with features of 

VWGS and described the pathophysiology, clinical manifes-
tation and treatment. Furthermore, a literature review was 
performed regarding the treatment of VWGS in male patients 
and its outcome.

Case report

A 14-year-old male patient of non-consanguineous parents 
was referred to the Department of Pediatrics of the General 
Hospital of Tianjin Medical University (Tianjin, China) due to 
obesity, short stature and muscle weakness in February, 2014. 
He had shown progressive weight gain, delay in growth, consti-
pation, muscle weakness and poor academic scores over the 
past 3-4 years. Physical examination results were as follows: 
Body temperature, 36.5˚C; heart rate, 60 beats per min; respira-
tory rate, 20/min; blood pressure, 100/70 mmHg; body weight, 
59 kg (>97th percentile); height, 139 cm (<3rd percentile); and 
body mass index, 30.5 (>97th percentile). The thyroid gland 
was enlarged. Abdominal examination indicated hepatomegaly 
and cardiac examination indicated a slightly distant heart sound 
without murmurs. The bilateral testicular volume was 25 ml as 
measured by a Prader orchidometer (Creative Health Products, 
Ann Arbor, MI, USA) and stretched penile length was 5 cm. 
No pubic or axillary hair was observed. Laboratory results are 
summarized in Table I. Laboratory parameters associated with 
renal function were normal. Thyromegaly accompanied with 
low-intensity echoes were identified by thyroid ultrasound. 
Abdominal ultrasound revealed hepatomegaly. Delayed bone 
age was confirmed according to X-ray imaging of the left 
wrist and hand (Fig. 1) with an estimated bone age of 10 years. 
Cranial magnetic resonance imaging (MRI) indicated enlarge-
ment of the pituitary gland (Fig. 2), and pituitary hyperplasia 
was suspected. Based on these results, the patient was finally 
diagnosed as VWGS. As a treatment, replacement therapy was 
given using levothyroxine with an initial dose of 25 µg/m2/day, 
which was gradually increased to 100 µg/m2/day. The patient 
was followed up for 6 months and the levels of free triiodothy-
ronine (T3), T4 and TSH were 4.35 pmol/l, 18.65 pmol/l and 
3.31 µIU/ml, respectively. The body height showed an increase 
of 5 cm after the treatment.

Discussion

Primary hypothyroidism has been well acknowledged to be 
associated with growth and pubertal delay. In rare cases, 
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hypothyroidism was reported to induce precocious puberty and 
delayed bone age. These symptoms were initially described in 
1905; however, VWGS was only defined in 1960 (1). A litera-
ture review revealed that VWGS has been rarely reported in 
male patients (13,14). The present study presented a rare case 
of a male pediatric patient with VWGS.

The pathogenesis of VWGS is closely associated with 
the complex interactions between the hypothalamic-pituitary 
axis. Van Wyk and Grumbach postulated that a hormonal 
overlap occurred in the pituitary feedback mechanism. Given 
that gonadotropins as well as TSH are glycoproteins, their 
overlap at the hormonal level is partly associated with the 
lack of specificity at the hypothalamic level (1). Moreover, 
excess TSH induced by thyrotropin-releasing hormone (TRH) 
may act as an agonist of FSH receptor (FSH-R) and other 
G protein-coupled receptors (GPCRs). In the peripubertal 
phase, where FSH levels are low, FSH-R is more apt to be 
stimulated by TSH (2,15,16). In addition, FSH-R responds to 
TSH in a dose-dependent manner (15,16). Furthermore, human 
chorionic gonadotropin (hHCG), LH, FSH and TSH share the 
same α-subunit, while a unique β-subunit specific to each 
hormone was identified. These molecules activate adenylate 
cyclase and stimulate cyclic adenosine monophosphate 
(cAMP) production by interacting with GPCRs (17).

In a previous study, Anasti et al (15) indicated that recom-
binant human TSH elicited a dose-dependent cAMP response 
in an in vitro hFSH-R bioassay. However, the concentration 

of recombinant hTSH required for half-maximal stimulation 
was several logs greater than that of hFSH. These results 
suggested that hTSH and hFSH act through the same 
receptor. The overlap between the glycoprotein hormones is 
not unprecedented in the presence of excessive secretion of 
hormones. For instance, with the homologous β-subunits of 
LH, HCG is able to stimulate LH receptors and serve as an 
evaluation method for testicular function in male pediatric 
patients through determination of the binding of HCG and 
LH receptor. To investigate the exact activation of TSH 
on FSH-R, Ryan et al (16) sequenced the FSH-R gene in 
8 patients with overexpression of sex hormone secondary 
to primary hypothyroidism, which revealed no hFSH-R 
mutations in the patient population; however, two known 
polymorphisms were identified. Besides, the gonadal hyper-
stimulation associated with severe primary hypothyroidism 
is likely due to the actions of the elevated concentrations of 
TSH on the wild-type hFSHR, which is not dependent on the 
hFSH-R isoform (18).

Severe hypothyroidism is one of the major causes for 
the changes of gonadotrophins, such as elevation of FSH or 
decrease of LH (19,20). In primary hypothyroidism patients, 
the level of TRH was elevated, which resulted in a decrease 
of pulse frequency of GnRH and the downregulation of 
GnRH secretion (21-23). Under these conditions, the expres-
sion of FSH was elevated and the elevation of TRH induced 
hyperprolactinemia, which induced a decrease of LH (24). 
Such aspects may explain for the discordance between LH 
and FSH in VWGS. In a previous study, Francavilla et al (25) 
indicated that hypothyroidism directly affected the function 
of testis prior to puberty, resulting in excess proliferation 
of Sertoli cells and testicle enlargement. Male patients with 
VWGS have macroorchidism without obvious virilisation, 
and testicular histology reveals a predominance of tubular 
structures without increased Leydig cells, in line with 
an FSH-dominated response (15,26). However, enlarge-
ment of gonads and formation of ovarian cysts are usually 

Figure 1. X-ray indicated delayed bone age in left wrist compared with the 
actual age (10 vs. 14 years).

Table I. Laboratory results of the patient.

  Normal
Parameter Value range

Hemoglobin, g/l      87 120-150
Thyroid-stimulating hormone,  >150 0.3-5
µIU/ml
T3, pmol/l   1.19 3.5-6.5
Free thyroxine, pmol/l   4.78 11.5-23.5 
Thyroglobulin antibody, IU/ml   164 0-40
Anti-thyroidperoxidase antibody,  >1,000 0-35
IU/ml
Antibodies against TSH receptor,    0.01 0-1.5
IU/ml
Follicle-stimulating hormone, IU/ml 26.7 1.4-18 I
Luteinizing hormone, IU/ml   0.37 1.5-34.6
Progesterone, ng/ml <0.15 0.28‑1.22
Estradiol, pg/ml 12.11 0-40
Prolactin, pg/ml 21.94 2.1-17.7
Testosterone, ng/dl 72.5 241-827
Adrenocorticotropic hormone, pg/ml 23.6 0-46
Serum cortisol, µg/dl 11.5 5-25
Cholesterol, mmol/l  12.17 <5.20
Triglyceride, mmol/l    1.12 0.56-1.70 
Alanine aminotransferase, U/l     87 5-40
Aspartate aminotransferase, U/l     82 8-40
Alkaline phosphatase, U/l   122 40-150
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associated with malignant conditions (3,4,27). Thus, early 
diagnosis of the disease may help to identify cases that 
require surgery (5,6).

Weight gain has been regarded as a symptom of hypothy-
roidism. In the complete absence of thyroid hormone, basal 
metabolic rate or resting energy expenditure was reduced 
by 30% or even 59% (28). In the present case, the patient 
showed elevation of cholesterol liver enzymes and hepato-
megaly, which may be associated with hypercholesterolemia 
induced by hypothyroidism. Besides, hypothyroidism has 
been reported to have an important role in the pathogenesis 
of nonalcoholic fatty liver disease (NAFLD) (29). Specifi-
cally, Chung et al (30) reported that NAFLD was more severe 
and liver enzyme was significantly elevated in patients with 
hypothyroidism compared to those in normal subjects. In the 
present case, pituitary enlargement was revealed by cranial 
MRI, which may result in long-term hypothyroidism. In 
addition, the thyrotroph hyperplasia may lead to sella turcica 
expansion and pituitary hyperplasia.

Certain uncommon features, including PTH suppression, 
streaky hyperpigmentation and severe anemia, have been 
reported in certain patients (10). It has been well acknowl-
edged that melanocyte stimulating hormone (MSH) may be 
involved in the pigmentation of local skin tissues (1). As MSH 
acts via GPCRs, it is reasonable to speculate that streaky 
hyperpigmentation may be induced by differences in receptor 
distribution and activities in the presence of homologies and 
cross reaction between MSH and TSH. In the present case, 
the patient presented with anemia, which is, to the best of our 
knowledge, not common in hypothyroidism (31), while it has 
been noted in certain cases of VWGS (2-5,7,32). It was specu-
lated that the anemia may be associated with the reduced red 
cells and decreased metabolic oxygen requirement in tissues 
of patients with hypothyroidism (31).

In conclusion, the pathogenesis of VWGS involves a 
complex interaction, which is, at least in part, directly mediated 
by FSH and TSH receptors. It is suggested that the ‘overlap’ of 
hormone actions, postulated by Van Wyk and Grumbach (1), 
may be reflected in receptor levels. In particular, all hormones 
involved may act through GPCRs and common intracellular 

signaling pathways in the presence of elevated TSH. Early 
diagnosis and thyroxine replacement therapy are recom-
mended for the treatment of VWGS.
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