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Case Report
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Isolated hypogonadotropic hypogonadism (IHH) is known to decrease bone mineral
density due to deficiency of sex steroid hormone. Graves’ disease is also an important
cause of secondary osteoporosis. However, IHH does not preclude the development of
primary hyperthyroidism caused by Graves’ disease, leading to more severe osteoporosis
rapidly. Here, we describe the first case of 35-year-old Asian female patient with IHH accompanied by Graves’ disease and osteoporosis-induced multiple fractures. Endocrine
laboratory findings revealed preserved anterior pituitary functions except for secretion
of gonadotropins and showed primary hyperthyroidism with positive autoantibodies.
Sella magnetic resonance imaging showed slightly small sized pituitary gland without
mass lesion. Dual energy X-ray absorptiometry revealed severe osteoporosis in lumbar
spine and femur neck of the patient. Plain film radiography of the pelvis and shoulder
revealed a displaced and nondisplaced fracture, respectively. After surgical fixation with
screws for the femoral fracture, the patient was treated with antithyroid medication, calcium, and vitamin D until now and has been recovering fairly well. We report a patient of
IHH with Graves’ disease and multiple fractures that is a first case in Korea.
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INTRODUCTION
Isolated hypogonadotropic hypogonadism (IHH) is characterized by impairment
of gonadal function secondary to deficient gonadotropin secretion.[1] It can result from a variety of congenital, acquired, and functional defects related to gonadotropin releasing hormone (GnRH) deficiency. In general, IHH is caused by genetic mutation or acquired anatomical abnormalities including infiltrative disorders or space-occupying tumors involving the hypothalamic-pituitary axis, subsequently promoting deficiency of sex hormones.[2,3]
Sex steroid hormones are important factors in bone mineral dynamics and play
an essential role in the pathogenesis of osteoporosis. There have been many investigations of the links between sex hormone status and bone mineral density
(BMD) for various clinical conditions. In renal transplant recipients, serum levels of
estradiol predict BMD in women.[4] Estrogens also play a pivotal role in the regulation of bone loss and metabolism in elderly men.[5]
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Maintenance of proper BMD requires not only sex steroid hormones but also thyroid hormones and vitamin D.
Moreover, abnormal status of thyroid hormone or lower
levels of vitamin D can promote pathologic or non-trauma
induced fractures.[6-9] Although abnormal thyroid hormonal status is rare in patients with IHH, IHH accompanied
by primary or secondary hypothyroidism including bradycardia and heart failure was recently reported.[10] However, to our best knowledge, there has been no report of IHH
associated with Graves’ disease. Therefore, we herein report
a rare case of IHH accompanied by multiple fractures due

A

to thyrotoxicosis and sex steroid hormone deficiency.

CASE
A 35-year-old Asian woman, born from non-consanguineous parents, was referred to the department of endocrinology for evaluation of a patient with multiple fragility
fractures, and severe osteoporosis accompanied by diffuse
goiter. The patient was an ex-smoker and non-drinker. She
was 1.71 m tall and weighed 51.2 kg with a body mass index (BMI) of 17.5 kg/m2. The diagnosis of IHH was estab-
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Fig. 1. Image findings of the patient. (A) Mid-sagittal T2-weighted image showing thinning of the lower half of the pituitary stalk (arrow). (B) Tech
netium-99m pertechnetate scintigraphy for thyroid gland. Radioactive thyroid uptake was 8.9% (range, 1.7 to 4.0%). (C) Thyroid ultrasonography
with color doppler method (upper panel, right thyroid; lower panel, left thyroid). (D) Antero-posterior X-ray of the pelvis demonstrating a fracture
of the left femoral neck (arrow head). (E) Antero-posterior radiograph of the left shoulder showing nondisplaced fracture of proximal humerus (arrow head).
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lished by suggestive clinical findings with primary amenorrhea and absence of growth and development of secondary sexual characteristics and laboratory findings at 16
years. The patient had no facial anomaly or olfactory complaints. No familial history of anosmia, delayed puberty or
hypogonadism was reported by the patient. The karyotype
was 46XX and genetic screening for mutations in the hypogonadotropic hypogonadism genes was not performed.
At that time, anterior pituitary function was preserved except for gonadotropin secretion. The patient has been treated with estrogen replacement since she was 16 years old,
but she was taken off estrogen by herself several years ago.
Sella magnetic resonance imaging scan revealed a small
sized pituitary gland without mass-like lesion and thinning
of the lower half of the pituitary stalk (Fig. 1A). In the combined pituitary stimulation test at 28 years old, the peak
luteinizing hormone (LH) was 1.79 IU/L and peak follicle
stimulating hormone (FSH) was 1.50 IU/L, suggesting hypogonadotropic hypogonadism (Table 1). In the recent
visit, the patient’s blood pressure was 130/82 mmHg and
her heart rate was 98 beats/min. On laboratory examination, complete blood count revealed hemoglobin: 12.3 g/
dL; leukocyte count: 4.9×109/L; and platelet: 313×109/L.
Serum levels of total cholesterol (207 mg/dL), triglyceride
(85 mg/dL), albumin (5.0 g/dL), aspartate transaminase
(AST; 22 IU/L), and alanine aminotransferase (ALT; 20 IU/L)
were all within normal range. The levels of basal LH, FSH
and estradiol were 0.25 IU/L (range, follicular 0.6-6.2; midcycle 12-51; luteal 0.0-6.0), 0.23 IU/L (range, follicular 3.38.8; mid-cycle 5.4-20; luteal 1.6-8.7), and 10 pg/mL (range,
follicular 21-251; mid-cycle 38-649; luteal 21-312), respectively. Symptoms and sign of thyrotoxicosis including tachy
cardia, smooth skin, and goiter were also developed in the
patient. A Technetium-99m (Tc-99m) pertechnetate scinTable 1. Combined pituitary stimulation test
Time (min)

0

30

60

90

120

LH (IU/L)

0.01

1.65

1.79

1.29

0.72

FSH (IU/L)

0.01

0.01

0.77

1.50

1.11

ACTH (pg/mL)

56.7

557.9

127.9

36.7

14.1

TSH (μIU/mL)

5.09

13.42

9.42

7.28

6.20

GH (ng/mL)

1.96

1.71

3.59

1.23

0.38

Cortisol (μg/dL)

1.63

15.19

15.22

12.14

10.82

LH, luteinizing hormone; FSH, follicle stimulating hormone; ACTH, adrenocorticotropic hormone; TSH, thyroid-stimulating hormone; GH, growth
hormone.
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tigraphy revealed diffuse enlargement of both lobes of the
thyroid gland with markedly increased uptake (Fig. 1B). A
thyroid function test showed newly developed primary
hyperthyroidism in the patient (Table 2). Moreover, the
level of thyrotropin binding inhibiting immunoglobulin
was also increased (Table 2). Neck ultrasonography showed
an enlarged heterogeneous echogenic thyroid gland with
increased vascularity determined by the color doppler
method (Fig. 1C). Serum 25-hydroxy-vitamin D level was
also decreased in the patient. The antero-posterior pelvic
X-ray showed left proximal femoral fracture (Fig. 1D) and
shoulder X-ray revealed a non-displaced proximal humeral
fracture (Fig. 1E). BMD was measured at the lumbar spine
and femoral neck of the patient using dual energy X-ray
absorptiometry. The patient had significantly lower BMD
Table 2. Laboratory findings related to thyroid and calcium metabolism
Values
PrePosttreatment treatment

Reference
range

TSH (IU/L)

0.01

0.96

0.25-4.0

Free T4 (ng/dL)

3.99

1.01

0.7-1.9

T3 (ng/mL)

5.19

1.27

0.6-1.9

1,317

-

69,270

-

0-8

32

-15-15

Thyroglobulin antibody (U/mL)
Thyroperoxidase antibody (U/mL)
Thyrotropin binding inhibiting
immunoglobulin (%)

48

0-30.0

Calcium (mg/dL)

8.3

9.5

8.5-10.5

Phosphorus (mg/dL)

3.7

3.4

2.5-4.7

25-hydroxy-vitamin D (pg/mL)

8.32

32.74

25-80

Parathyroid hormone (pg/mL)

54.42

43.48

C-terminal telopeptide of type I
collagen (ng/mL)

0.212

10-65

0.119

<0.573

TSH, thyroid-stimulating hormone.

Table 3. Bone mineral density of lumbar spine and proximal femur
Site

Pre-treatment

Post-treatment

BMD
T-score Z-score
(g/cm2)

BMD
T-score Z-score
(g/cm2)

Lumbar spine
L1
L2
L3
L4
Total

0.634
0.634
0.676
0.634
0.640

-3.2
-3.6
-3.7
-3.9
-3.8

-3.2
-3.5
-3.7
-3.8
-3.7

0.631
0.669
0.636
0.643
0.655

-3.3
-3.3
-4.1
-3.8
-3.5

-3.2
-3.2
-4.0
-3.7
-3.5

Femur
Neck
Total

0.459
0.451

-3.5
-4.1

-3.8
-4.2

0.491
0.462

-3.2
-3.8

-3.2
-3.8

BMD, bone mineral density.
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at both lumbar spine and femur neck (Table 3). She was
treated with conservative management for humeral fracture and received surgical fixation with screws for the left
femoral fracture. The patient was also treated with methimazole, estrogen replacement, calcium, and vitamin D
for two years, thereby leading to 2.34% and 6.97% increase
in BMD of lumbar spine and femur neck, respectively (Table
3). She was maintained in an euthyroid state with 2.5 to 5.0
mg of methimazole per day and has been recovering fairly
well with estrogen replacement and treatment of calcium
and vitamin D 2,000 IU per day for six months (Table 2).

DISCUSSION
In general, IHH presents as decreased ovarian function
leading to menstrual defect, diminished vaginal secretion,
infertility, and impaired breast development in premenopausal woman. In this case report, we presented IHH accompanied by Graves’ disease and multiple fractures. To
our best knowledge, this case report is the first paper describing severe osteoporosis-induced bone fracture in a
patient with IHH accompanied by Graves’ disease.
Pituitary hormone deficiencies causing hypogonadism,
hypothyroidism, or hypoadrenalism may induce lower BMD.
[11] People with IHH are also prone to develop osteoporosis or fragile bones leading to higher risk of fractures induced by otherwise minor injuries.[9] Although the mechanisms underlying the relationship between central hypogonadism and BMD have not yet been determined, unreplaced sex steroid deficiency is associated with lower BMD
in adults with growth hormone deficiency.[9,12] Therefore,
cyclical replacement of estrogen and progesterone is recommended to prevent premature osteoporosis and to pro
mote sexual characteristics in premenopausal women. In
addition, testosterone treatment was also effective for in-

creasing lumbar spine BMD in hypogonadal middle-aged
men.[13,14]
IHH is rarely accompanied by central hypothyroidism
due to structural abnormalities of the hypothalamic-pituitary axis.[10] Thyroid-stimulating hormone (TSH) is critical
for regulating expression of sodium-iodide symporter which
is important for the production of thyroid hormone in the
thyroid gland. In the pre-specified subgroup of premenopausal-aged women, TSH deficiency is independently related to lower BMD in the lumbar spine and femur neck.[9]
However, Graves’ disease or excessive replacements of thyroid hormone are also known as risk factors of osteoporosis.[7] Graves’ disease promotes bone loss by increased
bone turnover, leading to decreased BMD and osteoporosis.[7] On the other hand, vitamin D deficiency is also an
important risk factor for osteoporosis and increased risk of
pathologic fractures in adults.[6,8,15] Therefore, we thought
that low levels of vitamin D as well as inappropriate estrogen replacement with Graves’ disease might be contributing to aggravation of the osteoporosis and development
of fractures in the patient.
Although the co-occurrence of hypopituitarism and Gra
ves’ disease are rare, several reports have been described
in the literature (Table 4). A patient with hyperthyroidism
in the presence of panhypopituitarism developed a radioiodine-induced thyroid storm.[16] Graves’ disease developed eight years after the diagnosis of hypopituitarism in
this case. In another case, a 24-year-old male patient presented with hypopituitarism accompanied by hyperthyroidism and diabetes insipidus was described in 1999.[17]
A third report described cases of concomitant Graves’ disease and Sheehan’s syndrome.[18] A more recent report
described that a subject with known panhypopitutarism
developed thyrotoxicosis that contributed to acute glucocorticoid deficiency.[19] Another report showed that it was

Table 4. Case reports for thyroid dysfunction in hypogonadotropic hypogonadism
Reference

Region studied

Age/Sex

Thyroid status

Pituitary function

Sella MRI

[10]

Italy

65/M
30/M

CH
CH

Hypopituitarism
IHH

Partial empty sella
Normal

[16]

LA, USA

49/M

Graves’ disease

Panhypopituitarism

Not performed

[17]

Japan

24/M

Graves’ disease

Hypopituitarism

Hypothalamic tumor

[18]

Nigeria

22/F

Graves’ disease

Sheehan’s syndrome

Empty sella

[19]

Poland

46/M

Graves’ disease

Panhypopituitarism

Craniopharyngioma

[20]

Italy

62/M

Toxic thyroid nodule

Hypopituitarism

Macroprolactinoma

CH, central hypothyroidism; IHH, isolated hypogonadotropic hypogonadism; MRI, magnetic resonance imaging.
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possible for hyperthyroidism secondary to toxic thyroid
nodule, to occur with hypopituitarism.[20] However, our
case is IHH rather than panhypopituitarism, and the patient presented with multiple osteoporosis-induced fractures associated with Graves’ disease.
In conclusion, herein we report a case of IHH with Graves’
disease and multiple fractures. Sex hormone, calcium, and
vitamin D replacement are essential for prevention of osteoporosis in patients with IHH. Secondary osteoporosisinducible factors including hyperthyroidism should also be
considered in patients with fragility fracture accompanied
by IHH.
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