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Abstract: Primary hypothyroidism with pituitary hyperplasia is a rare entity. It is characterized by
hypogonadotropic hypogonadism and growth hormone (GH) deficiency. Despite advances in imaging, it
is still not possible to clearly distinguish pituitary hyperplasia from pituitary tumors. We describe a case
of primary hypothyroidism associated with pituitary hyperplasia. We reviewed 18 case reports of children
or adolescents with short stature or hypogonadotropic hypogonadism from 2001 to 2019. In the present
report, we studied a 15-year-old adolescent male whose first diagnosis was low gonadotropin development
and growth retardation. Imaging examination revealed nodular signals in the saddle area of the pituitary
gland, and endocrine function tests showed primary hypothyroidism. Levothyroxine tablets were taken
as replacement therapy. A literature search found that 17 studies reported delayed bone age and growth
retardation, but only 6 studies measured GH; 5 studies showed a decrease in GH. To distinguish primary
hypothyroidism with subsequent pituitary hyperplasia from pituitary tumors, the definitive diagnosis should
be based on clinical symptoms, endocrine examination, and prognosis following medication. For patients
with hypothyroidism, thyroid hormone replacement therapy can result in a satisfactory prognosis, as well
as improvements in clinical symptoms and serologic values. The pituitary function of those with pituitary
hyperplasia can be slowly restored after negative feedback inhibition is rebalanced. However, patients with

pituitary tumors should undergo surgery.
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Introduction

Hypothyroidism is a systemic low-metabolic syndrome
caused by decreased synthesis and secretion of thyroid
hormone or insufficient tissue utilization (1). Pituitary
hyperplasia accounts for 25-81% of hypothyroidism
cases (2). In 1851, Niépce er al. first reported cases of
hypothyroidism characterized by pituitary hyperplasia; since
then, there have been many related reports (3). A continuous
lack of negative thyroid hormone feedback has been found
to cause excessive thyrotropin-releasing hormone (TRH)
secretion. This leads to compensatory pituitary gland
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enlargement, and a subsequent increase in the production of
thyroid-stimulating hormone (T'SH) (4). A continuous lack
of negative thyroid hormone feedback also stimulates thyroid
gland development and enlargement. It is rare for pituitary
enlargement from primary hyperthyroidism to cause other
pituitary hormone deficiencies [gonadotrophin and growth
hormone (GH) deficiency] (2). In central hypothyroidism
caused by pituitary tumor, free T4 level is low, TSH may be
decreased or slightly increased (5). Because of the different
treatment methods, the pituitary hyperplasia caused
by primary hypothyroidism is treated with left thyroid
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replacement therapy, while pituitary adenoma is usually
treated by surgery. Therefore, it is very important to make a
definite diagnosis and identify it by laboratory examination,
clinical manifestations and imaging examination. Despite
advances in imaging technology in recent years, magnetic
resonance imaging (MRI) is still unable to accurately identify
pituitary hyperplasia or pituitary tumors (6). In many cases,
levothyroxine replacement therapy can identify pituitary
hyperplasia and prevent the misdiagnosis of pituitary tumors,
to reduce the irreversible damage resulting from unnecessary
surgery (7,8).

Primary hypothyroidism with pituitary hyperplasia
may lead to hyperprolactinemia and high-gonadotropin
hypogonadism. Cases of hypothyroidism with decreased
gonadotropin, GH, and pituitary enlargement are relatively
rare (2). In the present study, we report on an adolescent
male with symptoms of hypogonadotropic hypogonadism,
reduced follicle-stimulating hormone (FSH), luteinizing
hormone (LH), and GH deficiency. An MRI indicated
that the lesion was a pituitary tumor. We reviewed 18
related cases and summarized their clinical manifestations,
laboratory and imaging examinations, and treatment
outcomes. We present the following article in accordance
with the CARE reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-1828).

Materials and methods
Case presentation

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patient.

A 15-year-old male was referred to Shengjing Hospital
of China Medical University due to “growth retardation for
5 years, penis not growing for 2 years”. In the past 5 years,
his height increased by 2 cm. In the past 2 years, his penis
did not grow and his appetite was poor, but his body weight
gradually increased. The patient gradually became lethargic,
less verbal, and less interested in activities. His academic
performance was still good, but his memory was poor. No
obvious abnormality was found in the other hospital (thyroid
function was not tested and other specific tests are not
detailed). Finally, the patient visited our hospital for further
diagnosis and treatment. On July 19, 2018, the patient was
admitted to the Endocrinology Department of our hospital.
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During his hospitalization, his appetite was suppressed and
he was unable to sleep; however, there were no changes in
his body weight.

Physical examination showed that his body temperature
was 36 °C, pulse was 70 beats/min, blood pressure was
100/62 mmHg, respiratory rate was 18 breaths/min, height
was 148 cm (<3rd), and body weight was 62.5 kg. The
patient had abdominal obesity; no rough skin, laryngeal
prominence, facial hair, or pubertal gynecomastia was noted.
The external genitalia had no pubic hair (Tanner grade 1).
The length of the stretched penis was 2.5 cm. The testes
were measured by a Prader orchidometer and 3-dimensional
ultrasound. The left testicular volume was 10 mL, and the
right testicular volume was 9 mL. The patient’s verbal and
non-verbal expressions were normal, and the result of the
neurological examination was also normal.

The laboratory examination results are shown in
Table 1. There were no significant abnormalities in the
glycated albumin, glycosylated hemoglobin, blood gas
analysis, routine urine, liver and kidney function, blood
lipids, serum ion, parathyroid hormone values, or the
rheumatoid arthritis blood test. Laboratory analyses found
that the free thyroxine (FT4) level was low (7.45 pmol/L,
normal range: 9.01-19.05 pmol/L), human GH (hGH)
level was comparatively low (0.068 ng/mL, standard: 0.004-
1.406 ng/mL), and TSH level was high (40.7562 ulU/mL,
normal range: 0.30-4.80 ulU/mL). The patient’s bone age
was 12 years, which was 3 years younger than his actual age.
Color Doppler ultrasound showed diffuse thyroid lesions,
uneven distribution of internal echo, and strong echo of
coarse grid sample. The results of the sex hormone test
indicated that the testosterone level was low (<0.1 ng/mL,
normal range: 1.75-7.81 ng/mL). Gonadotropin was
detected by electrochemiluminescence immunoassay using
the Beckman Coulter kit; the results showed that FSH and
LH levels were low (FSH: 4.97 mIU/mL, normal range:
1.27-19.26 mIU/mL; LH: 0.37 mIU/mL, normal range:
1.24-8.62 mIU/mL). The gonadotropin-releasing hormone
(GnRH) stimulation test (intravenous injection of 0.1 mg
GnRH + 10 mL normal saline) showed that the LH peak
was low (time O(test start time): FSH: 6.33 mIU/mL,
normal range: 1.27-19.26 mIU/mL; LH: 0.85 mIU/mL,
normal range: 1.24-8.62 mIU/mL. Time 30: FSH:
7.46 mIU/mL; LH: 4.11 mIU/mL. Time 60: FSH:
6.63 mIU/mL; LH: 4.14 mIU/mL. Time 90: FSH
6.88 mIU/mL; LH: 4.23 mIU/mL. Time 120: FSH:
6.88 mIU/mL; LH: 3.79 mIU/mL), indicating that the
patient had hypogonadotropic hypogonadism (Tuable 2).
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Table 1 Results of hormonal tests in a 15-year-old adolescent male with hypothyroidism

Time

Examination Normal range

At diagnosis After 6 months of L-thyroxine After 16 months of L-thyroxine
FT3 (pmol/L) 4.68 5.13 5.31 2.63-5.71
FT4 (pmol/L) 7.45 10.92 10.4 9.01-19.05
TSH (ulu/mL) 40.7562 3.0011 2.789 0.30-4.80
TPOAb (U/mL) 790 700 432 0-5.61
TGAB (U/mL) 120 121 98 0-4.11
FSH (mlU/mL) 4.97 4.22 3.47 1.27-19.26
LH (mlU/mL) 0.37 1.81 2.22 1.24-8.62
Prolactin (ng/mL) 18.31 10.26 9.04 2.64-13.13
Testosterone (ng/mL) <0.1 2.96 4.27 1.75-7.81
IGF-1 (ng/mL) 32.09 142.02 137.11 80-900
FBG (mmol/L) 3.98 4.45 4.31 3.9-6.11
25-OHVit D (ng/mL) 5.2 26.87 38 >30
hGH (ng/mL) 0.068 0.630 1.010 0.004-1.406
HGB (g/L) 103 132 137 130-172

FBG, fasting blood glucose; FSH, follicle-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; hGH, human growth
hormone; IGF, insulin-like growth factor; LH, luteinizing hormone; TPOAD, thyroid peroxidase antibodies; TRAB, thyrotropin receptor
antibodies; TSH, thyroid-stimulating hormone; 25-OHVit D, 25-OH vitamin D.

Table 2 Result of GnRH stimulation test in a 15-year-old adolescent male with hypothyroidism

GnRH stimulation test

GnRH extension test

Time (min) FSH (mIU/mL)"  LH (mIU/mL)*  Testosterone (ng/mL)® FSH (mIU/mL)" LH (mlU/mL)*  Testosterone (ng/mL)®
0 6.33 0.85 <0.1 1.64 0.26 0.22

30 7.46 411 - 6.16 3.26 -

60 6.63 414 - 6.31 4.21 -

90 6.88 4.23 <0.1 6.24 4.01 0.23

120 6.88 3.79 <0.1 5.31 1.57 0.22

T, normal range: 1.27-19.26 mIU/mL; ¥, normal range: 1.24-8.62 mIU/mL; $, normal range: 1.75-7.81 ng/mL. GnRH, gonadotropin-
releasing hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone.

The patient underwent GnRH extension tests (intravenous
injection of 0.1 mg GnRH + 10 mL water for 4 days, and
then intravenous injection of 0.1 mg GnRH + 10 mL
normal saline on day 5), which indicated that the FSH
peak was relatively low (time O(test start time): FSH:
1.64 mIU/mL; LH: 0.26 mIU/mL. Time 30: FSH:
6.16 mIU/mL; LH: 3.26 mIU/mL. Time 60: FSH:
6.31 mIU/mL; LH: 4.21 mIU/mL. Time 90: FSH:
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6.24 mIU/mL; LH: 4.01 mIU/mL. Time 120: FSH:
5.31 mIU/mL; LH: 1.57 mIU/mL), further confirming
that the patient had hypogonadotropic hypogonadism
(1able 2). Hypoglycemic stimulation and the arginine GH
test indicated a lack of GH (arginine stimulation test: time
0: GH: 0.055 ng/mL; time 30: GH: 1.398 ng/mL; time
60: GH: 0.943 ng/mL; time 90: GH: 0.355 ng/mL; time
120: GH: 0.116 ng/mL. Insulin tolerance test: time 0:
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Table 3 Result of growth hormone stimulation test in a 15-year-old adolescent male with hypothyroidism

Arginine stimulation test

Insulin tolerance test

Time (min)
Growth hormone (ng/mL)" Growth hormone (ng/mL)" Glucose (mmol/L)
0 0.055 0.033 3.88
30 1.398 0.03 1.72
60 0.943 0.085 1.56
90 0.355 0.131 1.41
120 0.116 0.121 2.66

T normal level in growth hormone stimulation tests is >10 ng/mL.

Figure 1 Intracranial magnetic resonance imaging before treatment. (A) Sagittal T1-weighted images; (B) coronal T1-weighted images.

GH: 0.033 ng/mL; time 30: GH: 0.030 ng/mL; time 60:
GH: 0.085 ng/mL; time 90: GH: 0.131 ng/mL; time 120:
GH 0.121 ng/mL; a score of >10 ng/mL indicates normal
GH in stimulation tests) (Tuble 3). To rule out organic
lesions, we performed a brain MRI. The result showed
that the pituitary fossa was enlarged, the saddle area had
an iso-long T1 and slightly longer T2 nodular signals,
the tuberculum sellae was slightly depressed, the pituitary
stalk was unclear, and the optic chiasm moved upward.
The lesion was enhanced slightly and unevenly. The report
suggested a pituitary macroadenoma (Figure 1). Because
MRI cannot clearly distinguish pituitary hyperplasia from a
pituitary adenoma, we were unable to determine the correct
surgical procedure; therefore, the patient was started on
levothyroxine replacement therapy.

Literature review

We performed an extensive review of the literature from
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2001 until April 20, 2020 using the CNKI, Elsevier, VIP,
NSTL, DOAJ, J-STAGE, Wanfang Medical Network,
Springer, PubMed, Research Gate, and Protocols databases.
Specific keywords in Chinese and English were used for
the literature search. These were as follows: primary
hypothyroidism, hypogonadotropic hypogonadism, pituitary
hyperplasia, children, and GH. The search strategy was
limited to Chinese and English.

Results
Case presentation

Six months after thyroxine replacement therapy,
endocrine examination showed that thyroid function
(free triiodothyronine: 5.13 pmol/L, normal range:
2.63-5.71 pmol/L; FT4: 10.92 pmol/L, normal range:
9.01-19.05 pmol/L; TSH: 3.0011 ulU/mL, normal range:
0.30-4.80 uIU/mL), testosterone (2.96 ng/mL, normal
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Figure 2 Intracranial magnetic resonance imaging after treatment. (A) Sagittal T1-weighted images; (B) coronal T'1-weighted images.

range: 1.75-7.81 ng/mL), and FSH and LH improved to
within normal limits (FSH: 4.22 mIU/mL, normal range:
1.27-19.26 mIU/mL; LH: 1.81 mIU/mL, normal range:
1.24-8.62 mIU/mL) (Table 1). A second MRI examination
was performed 6 months after levothyroxine replacement
therapy, and showed that the pituitary gland had shrunk;
gonadal hormone and GH had improved to normal levels
(testosterone: 4.27 ng/mL, normal range: 1.75-7.81 ng/mL;
hGH: 0.630 ng/mL, normal range: 0.004-1.406 ng/mL).
After 16 months of levothyroxine treatment, the patient’s
height increased to 161 cm (> the third percentile, < the
10th percentile). Facial hair began appearing, particularly
above the upper lip; his voice began to deepen; armpit hair
began to grow; and he had seminal discharge. Pubic hair
began to grow on the outer genitalia (Tanner grade 4), and
the extended penis was 7 cm long. Prader orchidometer and
3-dimensional ultrasound were used for measurements. The
volume of the testicles on both sides was 15 mL. Endocrine
examination showed that the insulin-like growth factor-1
(IGF-1) level became normal (137.11 ng/mL, normal
range: 80-900 ng/mL) (Tuble 1). Therefore, we diagnosed
the patient with primary hypothyroidism with hyperplasia,
producing hypogonadotropic hypogonadism and GH
deficiency. After levothyroxine replacement therapy,
pituitary hyperplasia was reduced and gonadal hormone and
GH returned to normal levels (Figure 2).

Literature review

A total of 880 articles (51 from Chinese databases and 829
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from English databases) were collected following a keyword
search. After reading the titles and abstracts and omitting
duplicates, 85 articles were selected and downloaded. The
full text was read, and 18 studies that met the inclusion
criteria were selected for the final literature review. We
reviewed 18 case reports of children or adolescents with
short stature or hypogonadotropic hypogonadism from
2001 to 2019 (Table 4) (7,9-25). Of these, 17 studies
reported delayed bone age and growth retardation
(7,9-23,25), but only 6 studies measured GH, with 5 studies
reporting a decrease in GH (10,12,18,19,25).

Discussion

Congenital hypothyroidism and acquired hypothyroidism
are common causes of primary thyroid dysfunction.
Congenital hypothyroidism is mainly caused by endemic
iodine deficiency, thyroid hypoplasia, and ectopic thyroid
gland-induced low thyroxine biosynthesis. In contrast,
the most common cause of acquired hypothyroidism is
autoimmune thyroiditis. Primary hypothyroidism is often
diagnosed in late prepubertal years due to Hashimoto’s
thyroiditis, and can cause increased testicular volume (10).
A combination of positive thyroid autoantibodies and color
Doppler ultrasound can lead to the diagnosis of Hashimoto’s
thyroiditis with hypothyroidism. Thyroid hormone level as
a negative feedback regulatory signal affects the production
of pituitary hormones. The negative feedback decreased
the sensitivity of TSH cells to TRH and inhibited the
secretion of TSH. Conversely, the lack of negative feedback
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growth period. This scenario in childhood is considered
incomplete isosexual precocity (32). In adolescence, a loss
of consonance of puberty indicates an underlying endocrine
disorder, which may consist of long-standing primary
hypothyroidism (32,33). Other studies have confirmed
that primary hypothyroidism could cause delayed pubertal
development (33).

Radioimmunoassays can be used to detect FSH or LH
levels, and increases in pubertal immunoreactivity and
biologically active FSH (puberty) concentrations; however,
LH cannot be detected via this method. Therefore, in the
present study, the inspection results showed that LH was
too low. It has been postulated that prolactin suppresses LH.
Increased FSH release induces Sertoli cell proliferation,
and a lack of LH leads to estrogen production; therefore,
a high FSH/LH ratio (in contrast to that observed in
normal puberty) seems to account for enlarged testes
without signs of virilization (31). In 2009, Simsek ez 4/. first
reported a case of primary hypothyroidism with pituitary
hyperplasia that caused a reduction of gonadotropins
(FSH and LH) and GH (19). A 14.5-year-old adolescent
male had headaches and underdeveloped secondary
sexual characteristics. The long-term lack of GH and
gonadotropin were thought to be related to the compression
of the pituitary stalk by the enlarged pituitary gland (19).
In the present study, we consider severe hypothyroidism-
induced pituitary hyperplasia and subsequent reduction
in the level of gonadotropin to be caused by the pituitary
gland, resulting in hypogonadotropic hypogonadism.
According to the etiology, hypogonadism can be divided
into primary hypogonadism and secondary hypogonadism
(hypogonadotropic hypogonadism). For the children with
hypogonadism, the etiology should be clear, rather than
simply supplement gonadal hormone. We can evaluate
the signs of gonadal development, improve MRI of sellar
region, measure gonadotropin and gonadal hormone, gene
detection and so on, and make a comprehensive evaluation
in combination with clinical practice: (I) significant increase
of gonadotropin may indicate sellar region tumor; (II) the
increase of gonadotropin and the decrease of gonadotropin
often indicate primary gonadal dysfunction; (III) the increase
of PRL may lead to hypothalamic pituitary disease and
hypothyroidism; (IV) chromosomal abnormalities can also
lead to hypogonadism (34). For the treatment of congenital
hypogonadism, male patients should use short-term and
low-dose testosterone as early as possible to induce penile
growth (35,36). In adolescence, the purpose of treatment
is to induce secondary sexual characteristics and normal
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sexual function, which is often induced by oral testosterone/
estradiol (37,38), in addition to gonadotropin therapy
and gonadotropin releasing hormone pulse therapy (39).
For patients with secondary hypogonadism, etiological
treatment is the main treatment. If this case of primary
hypothyroidism caused by hypogonadism, thyroid hormone
replacement therapy should be used.

Pituitary biopsy of patients with hypothyroidism-induced
pituitary hyperplasia confirms that there are specific cells
in the pituitary gland that can produce both TSH and GH,
and phenotypic changes impact them (40). Hypothyroidism
promotes the differentiation and transformation of TSH
cells to induce an increase in TSH levels and decrease GH
secretion, affecting height development in children (40).
Most children with primary hypothyroidism have growth
retardation, and decreased GH secretion may also be related
to this (40). First, animal experiments have confirmed that
the human pituitary GH gene contains thyroid hormone
response elements; thyroid hormone reduction leads to a
decrease in their expression, which affects the secretion of
GH. Second, hypothyroidism can damage the cholinergic
channels, thereby affecting the secretion of GH (19).
The reduction in GH caused by hypothyroidism is only
temporary. Levothyroxine replacement therapy enables the
GH level to return to normal, and results in complete or
partial catch-up growth. It has been reported that preschool
or school-aged children who undergo levothyroxine
replacement therapy often achieve complete catch-up
growth.

In contrast, children who undergo levothyroxine
replacement therapy during puberty may achieve
only partial catch-up growth (41). For children with
hypothyroidism and associated GH deficiency, GnRH
analogs can be used in combination with recombinant
human GH to alter the height to that of their parents (12).
In the present study, the patient’s GH level was relatively
low; we believe that the growth retardation was caused by
hypothyroidism and decreased GH.

Many case reports have verified that primary
hypothyroidism can lead to pituitary hyperplasia, and
can also cause pituitary tumors (10,42). Both pituitary
hyperplasia and pituitary tumors have similar or high 12-
weighted angiography images (43). Some pituitary tumors
have signals due to a large necrosis area, and this feature
can make them difficult to distinguish from pituitary
hyperplasia (43). Pituitary macroadenoma (>10 mm and
<4 cm) can be easily observed to have uneven signals
during plain and enhanced MRI scans due to necrosis,
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cystic changes, and hemorrhage (44). However, even if
the pituitary hyperplasia mass is large enough, the signals
are uniform and no area contains cystic and necrotic
changes (45). When the pituitary adenoma grows on the
saddle, the upper part of the saddle is often enlarged, and
this development can also affect the cavernous sinus, clivus,
sphenoid sinus, and other areas. It can also compress the
optic chiasm and surround the internal jugular vein (9,46).

Conversely, the MRI manifestation of pituitary
hyperplasia is an enlargement of the pituitary gland, which
grows on the saddle, but rarely involves the surrounding
tissues (46). The standard posterior pituitary lobe signal
shows a strong signal in the posterior lobe (10). The
pituitary height of pituitary adenomas is also higher than
that of pituitary hyperplasia, which may be related to the
abnormal tumor tissue proliferation in the former (9). In
dynamic contrast-enhanced scanning, patients with pituitary
macroadenoma show thickening or enhancement of the
dura mater, while patients with pituitary hyperplasia exhibit
a slow-in and slow-out enhancement (9).

During the imaging examination of our case, there
were iso-long T'1 and slightly longer T2 nodular signals
in the saddle area, and the enhanced lesions were slightly
uneven, suggestive of a pituitary tumor. Diagnosis of
a pituitary tumor without endocrine examination may
result in unnecessary surgery and irreversible damage (6).
One patient who is misdiagnosed as pituitary tumor and
underwent surgery excision, due to a decrease in pituitary
function, may lead to a higher incidence rate and mortality
risk and lower quality of life (47). Anterior pituitary damage
will lead to growth hormone deficiency, adrenocorticotropic
hormone deficiency, thyroid stimulating hormone deficiency
and gonadotropin deficiency (48). Damage to the posterior
pituitary will lead to arginine vasopressin deficiency.
Patients with hypopituitarism need lifetime monitoring of
serum hormone levels and symptoms of hormone deficiency
or excess. For patients with hypothyroidism, thyroid
hormone replacement therapy can result in a satisfactory
prognosis, as well as improvements in clinical symptoms and
serologic values (7,8). The pituitary function of those with
pituitary hyperplasia can be slowly restored after negative
feedback inhibition is rebalanced. However, patients with
pituitary tumors should undergo surgery.

Conclusions

Hypothyroidism can involve multiple systems and organs.
Cases of primary hypothyroidism characterized by
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hypogonadotropic hypogonadism are rare and are easily
misdiagnosed. MRI is an effective method for distinguishing
primary hypothyroidism combined with pituitary
hyperplasia from pituitary tumors. When differentiation
is difficult with MRI, levothyroxine replacement therapy
can be undertaken to determine the diagnosis. Accurate
differentiation can avoid incorrect or unnecessary
surgery. The use of gonadal hormones can result in fully
restored GH and gonadotropin levels, excellent gonadal
development, and complete catch up in height. However,
some cases with partial catch up in height may require
gonadal hormones.
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