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Introduction

Hypogonadotropic hypogonadism (HH) refers to insufficient 
gonadal sex steroid production secondary to inadequate 
pituitary gonadotropin stimulation [1]. In female patients, 
HH is clinically characterized by amenorrhea, infertility, and/
or delayed sexual development. In addition, a low estrogen 
environment increases the risk of osteoporosis and bone 
fracture [2-4].

In general, the underlying causes of HH are classified as 
congenital, functional, or acquired structural; the frequency 
of each condition is different in patients with primary and 
secondary amenorrhea [5-7]. Functional hypothalamic amen-
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orrhea (HA), the most prevalent form of female HH, is amen-
orrhea with a diagnosis of exclusion [8]. When evaluating 
patients with HH, physicians should exclude the possibility of 
uncommon but serious structural hypothalamic-pituitary (H-P)  
abnormalities, such as space-occupying lesions, infiltrative 
diseases, infections, irradiation, or head trauma [1,9-11].

The most useful imaging modality to date for the diagnosis 
of H-P abnormalities is pituitary magnetic resonance imaging 
(MRI) [12]; however, because testing is expensive and struc-
tural pituitary abnormalities occur at a low frequency, there 
have been debates regarding whether pituitary MRI should 
be performed in the routine evaluation of patients with HH 
[13,14]. Nonetheless, a few studies have reported the ef-
ficiency of pituitary MRI in male patients with HH [13-16], 
although strategies for determining the necessity of pituitary 
MRI remain inconclusive. Furthermore, there has been a lack 
of information regarding the indications for pituitary imaging 
in female patients with HH. 

The objectives of this study were to elucidate the associa-
tion of pubertal milestones as well as hormonal features with 
pituitary MRI abnormalities in women with HH, and to iden-
tify predictors of abnormal pituitary lesions.

Materials and methods

1. Study samples
We retrospectively analyzed a series of 74 female cases that 
underwent pituitary MRI during evaluations for HH. The 
age range of the study population was 14–42 years (mean,  
23.9 years). All patients were seen in a gynecological endo-
crinology clinic at CHA Bundang Medical Center, Gyeonggi-
do, Korea, presenting with primary or secondary amenorrhea 
between July 2000 and October 2015.

All patients were clinically diagnosed with HH based on the 
findings of primary or secondary amenorrhea, clinical and/
or biochemical hypogonadism, and low to normal follicle-
stimulating hormone (FSH) levels. Patients with higher basal 
prolactin levels (>29.2 ng/mL, as stated by reference range) 
were excluded; however, one patient with a space-occupying 
lesion with basal prolactin level of 36.0 ng/mL was included 
in the study. In most cases, the indication for pituitary MRI 
was HH that persisted more than 6 months or which caused 
primary amenorrhea without apparent functional causes, 
including undernutrition, psychological stress, excessive exer-

cise, or chronic illness [7]. To avoid the high cost of pituitary 
MRI in undisclosed functional patients with HH, pituitary MRI 
was performed in patients whose symptoms did not improve 
after a sufficient period of observation. Accordingly, the du-
ration of symptoms in patients with secondary amenorrhea 
in the present study was considerably long, with a mean du-
ration of 39.3 months.

2. Clinical, pubertal, and laboratory characteristics
Medical charts were reviewed for body weight, height, body 
mass index (BMI), type of amenorrhea (primary vs. second-
ary), and the presence or absence of naturally occurring 
secondary sex characteristics. Basal serum levels of FSH, 
luteinizing hormone (LH), prolactin, and thyroid-stimulating 
hormone (TSH) were assessed in all patients. The serum estra-
diol level was measured in 58 of 74 patients. In 10 of these 
patients, an excessively high low-normal limit (>20 pg/mL)  
had been applied to discriminate very low serum concentra-
tions, such that the results were unsuitable for this study. 
Therefore, only 48 of 74 patients were appropriately ana-
lyzed for serum levels of estradiol. Patients were classified 
into three groups according to the type of pubertal devel-
opment: no puberty group (primary amenorrhea with no 
secondary sex characteristics), interrupted puberty group 
(primary amenorrhea with naturally occurring secondary sex 
characteristics), and normal puberty group (secondary amen-
orrhea with normal secondary sex characteristics).

3. ‌�Assessment of pituitary magnetic resonance imaging 
diagnoses

Patients were classified into three groups according to the pi-
tuitary MRI results: normal pituitary MRI group (no abnormal 
results in the H-P area), space-occupying lesion group (lesions 
in the H-P area with largest diameter >1.0 cm), and small 
pituitary gland (PG) group (height of PG <2 standard devia-
tions (SDs) of the age mean) [17]. As there was no consensus 
regarding the definition of a ‘small’ PG, we used <2 SDs of 
age mean for further analysis. Since we excluded patients 
with hyperprolactinemia, pituitary microadenomas less than 
1.0 cm at the largest diameter were infrequently identified 
in this study. To investigate the characteristics of clinically 
significant pituitary space-occupying lesions greater than 1 cm 
in diameter, two patients with non-functioning pituitary mi-
croadenomas, with diameters of 3 and 6 mm, respectively, as 
well as a patient with small Rathke’s cyst with a diameter of 
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4 mm, were included in the normal pituitary MRI group. All 
MRI scans were re-evaluated by an expert in neuroimaging 
(S.K.).

4. Statistical analysis
For multiple comparisons, analysis of variance was used, fol-
lowed by Tukey’s honest significant difference test or Games-
Howell test. To compare 2 groups of numerical data, the 
Student’s t-test was used. The proportions of various char-
acteristics were compared using the χ2 test or Fisher’s exact 
test. In all cases, P-values <0.05 were considered significant.

Results

1. Demographics and hormonal characteristics
The demographics and hormonal characteristics of the 74 
patients are presented in Table 1. The mean age±SD at 
diagnosis was 23.9±6.1 years (range, 14–42 years); 21 pa-
tients (28.4%) presented with primary amenorrhea with 
no secondary sex characteristics (no puberty), 12 (16.2%) 
with primary amenorrhea and naturally-occurring second-
ary sex characteristics (interrupted puberty), and 41 (55.4%) 
with secondary amenorrhea and normal secondary sex 
characteristics (normal puberty). The mean duration±SD of 
amenorrhea in 41 patients with secondary amenorrhea was 

39.3±35.4 months (range, 5–156 months). The mean age 
at diagnosis was lower in the interrupted puberty group 
(20.5 years) compared to that in the normal puberty group 
(25.5 years) (P=0.025). BMI (P=0.131), serum prolactin levels 
(P=0.664), and serum TSH (P=0.125) levels were similar in 
the three groups at different stages of pubertal development. 
As expected, the mean levels of basal serum LH (P<0.0001), 
FSH (P<0.0001), and estradiol (P=0.003) were significantly 
lower in the no puberty group compared to those in the nor-
mal puberty group.

2. ‌�Frequency of abnormal pituitary magnetic resonance 
imaging diagnoses

The overall frequency of abnormal pituitary MRI results was 
35.1% (26/74): space-occupying lesion in 8 patients (10.8%) 
and small PG in 18 patients (24.3%). The clinical and imag-
ing features of patients with space-occupying lesions are 
summarized in Table 2. Among the 8 patients with space-
occupying lesions, only one case reported a clinically signifi-
cant headache. Furthermore, no description regarding visual 
blurring or loss was found in the medical records for any of 
the eight patients who had space-occupying lesions.

The frequency of space-occupying lesions was higher in 
patients with interrupted puberty (25.0%, 3/12) compared 
to that in patients with no puberty (4.8%, 1/21) or normal 
puberty (9.8%, 4/41), but this was not statistically significant 

Table 1. Demographics and hormonal characteristics in 74 women with hypogonadotropic hypogonadism who underwent pituitary mag-
netic resonance imaging

Variables Total No.
Type of puberty

P-value
No pubertya) No.

Interrupted  
pubertyb) No.

Normal  
pubertyc) No.

Age (yr) 23.9±6.1 74 22.8±5.1 21 20.5±7.0 12 25.5±5.9 41 0.025d)

Height (cm) 161.5±6.5 73 163.7±8.3 21 162.1±8.3 12 160.1±4.4 40 0.121

Weight (kg) 55.2±9.5 73 59.0±12.3 21 57.6±9.0 12 52.4±7.0 40 0.020

BMI (kg/m2) 21.1±3.3 73 21.9±3.6 21 22.1±4.6 12 20.4±2.5 40 0.131

TSH (μIU/mL) 2.2±1.2 74 2.2±1.3 21 2.8±1.5 12 2.0±1.1 41 0.125

Prolactin (ng/mL) 8.7±6.5 74 7.9±5.2 21 8.0±4.8 12 9.3±7.5 41 0.664

LH (mIU/mL) 3.0±4.1 74 0.5±1.1 21 1.8±1.9 12 4.5±4.7 41 <0.0001e)

FSH (mIU/mL) 4.1±3.1 74 1.4±1.9 21 3.1±2.4 12 5.8±2.6 41 <0.0001f)

Estradiol (pg/mL) 21.3±15.5 48 13.3±11.3 15 14.1±11.4 8 28.4±15.7 25 0.003g)

Data are shown as mean±standard deviation or number (%).
BMI, body mass index; LH, luteinizing hormone; FSH, follicle-stimulating hormone; TSH, thyroid-stimulating hormone.
a)Primary amenorrhea with no secondary sex characteristics; b)Primary amenorrhea with naturally-occurring secondary sex characteristics; c)Sec-
ondary amenorrhea with normal secondary sex characteristics; d)b<c; e)a<c; f)a, b<c; g)a, b<c.
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Table 3. Comparison of clinical and laboratory characteristics in 74 patients based on pituitary magnetic resonance imaging (MRI) diag-
noses

Variables Total No.
Diagnoses of pituitary MRI

P-value
Normala) No.

Space-occupying 
lesionb) No. Small PGc) No.

Age (yr) 23.9±6.1 74 24.0±6.1 48 23.8±6.9 8 23.7±6.0 18 0.979

Height (cm) 161.5±6.5 73 160.9±5.6 47 157.5±6.3 8 164.6±7.7 18 0.022

Weight (kg) 55.2±9.5 73 52.6±8.3 47 58.6±8.8 8 60.5±10.5 18 0.005

BMI (kg/m2) 21.1±3.3 73 20.2±2.7 47 23.8±4.7 8 22.3±3.3 18 0.003d)

Pituitary height (mm) 6.0±1.1 48 3.1±0.9 18 <0.0001

TSH (μIU/mL) 2.2±1.2 74 2.1±1.2 48 2.9±1.3 8 2.2±1.3 18 0.253

Prolactin (ng/mL) 8.7±6.5 74 8.7±6.3 48 15.5±9.6 8 5.7±1.5 18 0.001e)

LH (mIU/mL) 3.0±4.1 74 3.5±4.7 48 1.7±1.6 8 2.0±2.7 18 0.292

FSH (mIU/mL) 4.2±3.1 74 4.8±3.1 48 3.1±1.7 8 2.9±3.0 18 0.044

Estradiol (pg/mL) 21.3±15.5 48 24.4±15.6 30 14.7±11.2 5 16.6±15.4 13 0.187

Data are shown as mean±SD.
BMI, body mass index; LH, luteinizing hormone; FSH, follicle-stimulating hormone; TSH, thyroid-stimulating hormone; PG, pituitary gland; SD, 
standard deviation.
a)No abnormal findings at the hypothalamo-pituitary area; b)Space-occupying lesion at the hypothalamo-pituitary area greater than 1.0 cm in 
diameter; c)Vertical height of PG <2 SDs of the age mean; d)a≤c≤b; e)c, a<b.

(P>0.05) (data not shown). The frequency of small PGs was 
lower in patients with normal puberty (14.6%, 6/41) com-
pared to that in patients with no puberty (38.1%, 8/21) or 
interrupted puberty (33.3%, 4/12), but this was also not sta-
tistically significant (P>0.05) (data not shown).

3. ‌�Comparison of clinical parameters based on 
pituitary magnetic resonance imaging diagnoses

A comparison of the clinical and laboratory characteristics 

among the three categories of pituitary MRI diagnoses is 
shown in Table 3. The mean levels of serum LH (P=0.292) 
and estradiol (P=0.187) were not different between patients 
with and without pituitary MR abnormalities. The compari-
son of mean FSH among the three groups was statistically 
different (P=0.044); however, no difference was found in the 
post-hoc test. The mean level of serum prolactin was higher 
in patients with space-occupying lesions (15.5 ng/mL) than 
in patients with small PGs (5.7 ng/mL) or normal MRI results  

Table 2. Patient characteristics of those with space-occupying lesion on pituitary magnetic resonance imaging

No.
Age at  

diagnosis (yr)
Type of puberty Diagnosis

Tumor size (largest 
diameter, mm)

LH  
(mIU/mL)

FSH  
(mIU/mL)

Prolactin 
(ng/mL)

1 18 Interrupted puberty Langerhans cell histiocytosis 13 <0.07 0.31 17.64

2 28 No puberty Rathke’s cleft cysta) 15 2.44 4.04 10.43

3 20 Interrupted puberty Astrocytoma grade 1a) 40 <0.07 1.84 10.28

4 34 Normal puberty Hemangioblastoma grade 1a) 24 0.97 3.28 9.31

5 21 Normal puberty Rathke’s cleft cysta) 29 2.99 3.63 10.27

6 33 Normal puberty Pituitary tumor 35 2.12 4.82 22.24

7 20 Normal puberty Total hemorrhagic massa) 16 4.7 5.4 35.96

8 16 Interrupted puberty Craniopharyngiomaa) 40 0.56 1.61 7.55

LH, luteinizing hormone; FSH, follicle-stimulating hormone.
a)Histologically confirmed.
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(8.7 ng/mL) (P=0.001). The mean BMI was lower in patients 
with normal pituitary MRI results (20.2 kg/m2) than in pa-
tients with space-occupying lesions (23.8 kg/m2) or small PGs 
(22.3 kg/m2) (P=0.003).

Comparative analyses of the clinical and hormonal param-
eters as well as pubertal milestones in the normal pituitary 
MRI and space-occupying lesion groups are shown in Table 4. 
Space-occupying lesions were not associated with under-
weight, overweight, low serum gonadotropin levels, type of 
amenorrhea, presence of secondary sex characteristics, or 
type of puberty (all P>0.05). Furthermore, small PGs were as-
sociated with low LH (<0.5 mIU/mL, as stated by the reference 
range) (61.1 vs. 29.2%, P=0.024), low FSH (<1.5 mIU/mL, 
as stated by the reference range) (55.6 vs. 20.8%, P=0.014), 
low LH and FSH (50.0 vs. 20.8%, P=0.032), and primary 
amenorrhea (66.7 vs. 35.4%, P=0.029) when compared to 
the normal pituitary MRI group (Table 5). The frequencies of 
normal LH and FSH were significantly lower in patients with 
small PGs compared to that in patients with normal pituitary 

MRI results (P=0.01). No differences were observed for un-
derweight, overweight, and the presence of secondary sex 
characteristics between the normal pituitary MRI group and 
the small PG group (P>0.05).

Discussion

In this study, space-occupying lesions greater than 1 cm in 
diameter at the H-P area were present in 10.8% of female 
patients with HH who underwent pituitary MRI scans. In 
addition, we found no differences in the frequency of low 
gonadotropin levels, type of amenorrhea, or presence of 
secondary sex characteristics when comparing patients with 
space-occupying lesions and those with normal pituitary MRI 
results. To date, several studies have reported the diagnostic 
usefulness of pituitary MRI in patients with HH; however, 
all of these studies were performed in male patients with 
hypogonadism [13-16]. To the best of our knowledge, this 

Table 4. Comparative analyses of body weight, hormonal features, and pubertal milestone in the normal pituitary magnetic resonance 
imaging (MRI) group and the space-occupying lesion group

Variables
Normal pituitary MRI (n=48) Space-occupying lesion (n=8)

P-value
Total No. (%) Total No. (%)

Underweight (BMI <18.5) 47 12 (25.5) 8 1 (12.5) 0.664

Overweight (BMI ≥25.0) 47 4 (8.5) 8 2 (25.0) 0.206

Low LH (<0.5 mIU/mL) 48 14 (29.2) 8 2 (25.0) 1

Low FSH (<1.5 mIU/mL) 48 10 (20.8) 8 1 (12.5) 1

Low LH/low FSH 48 10 (20.8) 8 1 (12.5) 1

Low LH/normal FSH 48 4 (8.3) 8 1 (12.5) 0.552

Normal LH/low FSH 48 0 (0) 8 0 (0) NA

Normal LH/normal FSH 48 34 (70.8) 8 6 (75.0) 1

Amenorrhea

Primary 48 17 (35.4) 8 4 (50.0) 0.456

Secondary 31 (64.6) 4 (50.0)

Secondary sex characteristics

Absence 48 12 (25.0) 8 1 (12.5) 0.665

Presence 36 (75.0) 7 (87.5)

Puberty

No puberty 48 12 (25.0) 8 1 (12.5) 0.121

Interrupted puberty 5 (10.4) 3 (37.5)

Normal puberty 31 (64.6) 4 (50.0)

Data are shown as number (%).
BMI, body mass index; LH, luteinizing hormone; FSH, follicle-stimulating hormone; NA, not available.
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was the first study to present the frequency of pituitary MRI 
abnormalities and associated factors in female patients with 
HH.

Space-occupying lesions at the H-P area is a serious but rare 
cause of HH. Early diagnosis of large space-occupying lesions 
in the H-P area is important, because some of the lesions can 
lead to neurologic sequelae such as bitemporal hemianopia 
or unilateral optic atrophy due to the compression of the op-
tic chiasm or optic nerve tracts. Reassuringly, however, stud-
ies performed in male patients with HH showed a low fre-
quency of clinically significant macroadenoma in the H-P area 
(0–2.4%) [13-16]. In 1996, a prospective study of 164 male 
patients with HH demonstrated the prevalence of total H-P 
imaging abnormalities and pituitary macroadenoma to be 
6.7% (11/164) and 2.4% (4/164), respectively [13]. Recently, 
a large retrospective case series of 281 men with HH who 
underwent pituitary MRIs demonstrated that the prevalence 
of pituitary microadenoma, macroadenoma, and craniopha-
ryngioma were 8.5%, 1.8%, and 0.4%, respectively [16].

It was arbitrary to simply compare the results of studies on 
men with the present results; however, the frequency of large 
space-occupying lesions in the H-P area in our study (10.7%) 
was meaningfully higher than expected. Considering the 
small number of patients and retrospective approach, it was 
uncertain whether the frequency identified in our study was 
representative of the actual prevalence of organic H-P disease 
in female patients with HH. Since our study analyzed only 
patients who underwent expensive pituitary MRIs during the 
diagnosis of HH, it has been suggested that the patients with 
HH included in this study were more likely to have severe 
clinical symptoms and a longer duration of disease compared 
to that in patients with HH not included in the study. In fact, 
the duration of symptoms in 41 patients with secondary 
amenorrhea in our study was considerably long, with a mean 
duration of 39.3 months (range, 5–156 months). Such a long 
duration of amenorrhea might exclude patients with revers-
ible HH such as functional HA, and thereafter increase the 
frequency of organic brain lesions. Therefore, a large-scale, 

Table 5. Comparative analyses of body weight, hormonal features, and pubertal milestone in the normal pituitary magnetic resonance 
imaging (MRI) group and the small pituitary gland (PG) group

Variables
Normal pituitary MRI (n=48) Small PG (n=18)

P-value
Total No. (%) Total No. (%)

Underweight (BMI <18.5) 47 12 (25.5) 18 1 (5.6) 0.091

Overweight (BMI ≥25.0) 47 4 (8.5) 18 1 (5.6) 1

Low LH (<0.5 mIU/mL) 48 14 (29.2) 18 11 (61.1) 0.024

Low FSH (<1.5 mIU/mL) 48 10 (20.8) 18 10 (55.6) 0.014

Low LH/low FSH 48 10 (20.8) 18 9 (50.0) 0.032

Low LH/normal FSH 48 4 (8.3) 18 2 (11.1) 0.661

Normal LH/low FSH 48 0 (0) 18 1 (5.6) 0.273

Normal LH/normal FSH 48 34 (70.8) 18 6 (33.3) 0.01

Amenorrhea

Primary 48 17 (35.4) 18 12 (66.7) 0.029

Secondary 31 (64.6) 6 (33.3)

Secondary sex characteristics

Absence 48 12 (25.0) 18 8 (44.4) 0.144

Presence 365 (75.0) 10 (55.6)

Puberty

No puberty 48 12 (25.0) 18 8 (44.4) 0.072

Interrupted puberty 5 (10.4) 4 (22.2)

Normal puberty 31 (64.6) 6 (33.3)

Data are shown as number (%).
BMI, body mass index; LH, luteinizing hormone; FSH, follicle-stimulating hormone.
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well-organized prospective study is needed to determine the 
actual prevalence of significant organic brain lesions in fe-
male patients with HH.

There is limited information concerning the clinical and/or 
biochemical factors associated with pituitary MRI abnormali-
ties in patients with HH. A prospective study in 164 male 
patients with clinical hypogonadism reported that the risk 
of H-P imaging abnormalities increased markedly when the 
serum testosterone level was markedly decreased [13]. Based 
on this prior study, Endocrine Society guidelines recommend 
pituitary imaging be used for men with significant hypogo-
nadism (total testosterone concentrations less than 150 ng/dL) 
or with concerning neurologic symptoms such as headache 
or visual disturbance [12]. However, a subsequent large 
retrospective case series of 281 male patients reported no 
difference in testosterone or gonadotropin levels between 
patients with pituitary MRI abnormalities and those with nor-
mal results [16].

Because the frequency and related factors of pituitary MRI 
abnormalities have not yet been defined in female patients 
with HH, guidelines for pituitary imaging have also not yet 
been established for female patients. The present study 
analyzed the developmental state of puberty, menstrual 
state, and hormonal abnormalities between patients with 
pituitary MR abnormalities and patients with normal MRI 
results. Therefore, we found no differences in gonadotropin 
levels, type of amenorrhea, or presence of secondary sex 
characteristics between patients with space-occupying le-
sions and those with normal pituitary MRI results. However, 
the frequency of space-occupying lesions was higher in pa-
tients with interrupted puberty (25.0%) compared to that in 
patients with did not go through puberty (4.8%) or patients 
with normal puberty (9.8%), although this was not statisti-
cally significant.

There is little known clinical significance or diagnostic criteria 
for small PGs in patients with HH. A case series of 51 men 
with hypogonadism reported a 17.6% prevalence of small 
PGs; however, the report did not present the criteria for 
small PGs used in the study [14]. With regards to the vertical 
height of a normal PG, a retrospective study performed in 
60 healthy subjects (ages ranging from 8 days to 21 years) 
reported a pituitary vertical height reference value of 3–7 mm 
[18]. However, a large-scale case series of 1,020 subjects 
(age from 10 to 78 years) found age-related changes in the 
vertical height of the PG [17]. In that study, the pituitary ver-

tical height peaked in the 20-to-29-year-old age group, and 
tended to decline with age. Because there has been no con-
sensus regarding the criteria for small PGs, we used <2 SDs 
of the age mean for our analysis [17]. With this criteria, we 
found small PGs in 18 of 74 female patients with HH, which 
was similar to a previous study [14].

The clinical implications of small PGs are still largely un-
known; however, several studies have suggested that chang-
es in hormone secretion are reflected in the size of the PG 
[17,19]. Furthermore, small PGs in our study were associated 
with low gonadotropin levels and primary amenorrhea when 
compared to that in the normal pituitary MRI group (Table 5).  
Regardless, no assumptions of causal inference can be drawn 
from this study. Furthermore, congenital HH, which is a rare 
genetic condition characterized by inappropriately low go-
nadotropins, as well as primary amenorrhea [20] and failure 
of secondary sexual development were found in 25% of 
patients in the normal-sized pituitary MRI group in our study 
(data not shown). Therefore, further studies are needed to 
determine the relationship between pituitary hormone secre-
tion and pituitary size.

In this study, serum estradiol measurements were not uni-
formly performed in study subjects. The mean level of serum 
estradiol in patients who were tested was 21.3±15.5 pg/mL 
(range, 1.0–63.5 pg/mL), which was consistent with hypo-
gonadism. However, low levels of estrogen milieu were not 
biochemically confirmed in the 16 patients who were not 
tested. Although low gonadotropin levels and clinically evi-
dent hypogonadism provide a substantial degree of diagnos-
tic accuracy, we could not completely exclude the possibility 
that these limitations may have affected the accuracy of HH 
diagnoses in patients who were not tested.

In conclusion, this was the first study to report the frequen-
cy of pituitary MRI abnormalities and associated factors in 
female patients with HH. In our study, no significant clinical, 
hormonal, or pubertal factors were found to effectively pre-
dict space-occupying lesions in patients with HH. However, 
the frequency of space-occupying lesions was higher in pa-
tients with interrupted puberty compared than in no puberty 
or normal puberty groups. Considering the potential limita-
tions such as the small number of study subjects as well as 
the retrospective approach, the prevalence of pituitary MRI 
abnormalities in our study should be verified by further large-
scale prospective studies.
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