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Abstract

Objectives: A common incidental radiological finding in asymptomatic adults is primary empty sella (PES). We examined the clini-
cal, radiological and hormonal features of patients with PES to identify risk factors and guide follow-up strategies.

Methods: The study included 120 patients with PES. Data on patients was obtained retrospectively and included details on symp-
toms, diseases, as well as radiological, biochemical and hormonal findings. Patients were divided into two groups (partial and total)
according to sella turcica cerebrospinal fluid volume and pituitary height. They were also classified as having isolated hormone
deficiency (HD), hypopituitarism or panhypopituitarism according to the severity of pituitary insufficiency.

Results: HD was found in 83.3% of the study group. The most common causes were growth hormone deficiency and central hypo-
gonadism. The two groups were indistinguishable with regard to pituitary insufficiency; however, panhypopituitarism was more
prevalent in the total PES group (60.5% vs 30.5%). PES was more common in women, while both general and severe HD were more
common in men. Pituitary height was positively correlated with thyroid stimulating hormone, free T4, insulin-like growth factor-1,
testosterone, estradiol, adrenocorticotropic hormone and cortisol (r=0.275, p=0.002; r=0.277, p=0.002; r=0.394, p<0.001; r=0.319,
p<0.001; r=0.195, p=0.032; r=0.220, p=0.016; r=0.310, p=0.001). Low pituitary height and male gender were associated with an
increased risk of panhypopituitarism (p=0.002 vs p=0.015).

Conclusion: Pituitary insufficiency is common in PES, but panhypopituitarism is more common in total PES. Low pituitary height
and male gender are risk factors for panhypopituitarism. Patients with these characteristics should be monitored more closely.
Keywords: Panhypopituitarism, pituitary height, total empty sella
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Primary empty sella (PES) is defined as thinning of the  PES is defined when the sella turcica is filled with CSF by
pituitary gland due to herniation of the subarachnoid less than 50% and the pituitary height is 2-5 mm. Total PES
space into the sella turcica.? Partial and total PES are clas-  is defined when the sella turcica is filled with CSF by more
sified according to CSF volume and pituitary height. Partial ~ than 50% and the pituitary height is <2 mm.5#
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The exact incidence of PES is unknown. In autopsy series,
PES has been reported as an incidental finding at a rate of
5.5-23%.5! Later studies and the increase in radiological ex-
aminations revealed that up to 38% of the general popula-
tion had PES."®”!

Empty sella is divided into primary and secondary accord-
ing to the underlying etiopathogenesis. It is defined as PES
in the absence of an underlying cause affecting the pitu-
itary gland, such as head trauma, postnatal pituitary necro-
sis, pituitary tumour, or a history of radiotherapy or surgery.
® Although the pathogenesis of PES is not clearly known,
the main factor is insufficiency of the sella diaphragm.®
In addition, pathologies leading to an increase in CSF pres-
sure—idiopathic intracranial hypertension (lIH), obesity,
systemic hypertension (HT), intracranial thrombosis, hy-
drocephalus, female gender, and physiological pituitary
involution (e.g., pregnancy, menopause)—have also been
implicated in the pathogenesis.B™"

While PES was initially considered insignificant, empty sella
syndrome (ESS) has been described in approximately 42%
of patients.'>'*I The clinical presentation of this syndrome
is complex. The most common neuro-ophthalmological
symptom is headache, but rhinorrhoea and visual loss may
also be observed less frequently. Although PES does not
always lead to hormonal dysfunction, many studies have
reported varying degrees of hormone deficiencies, pri-
marily affecting the somatotropic and gonadotropic axes.
814151 Functional hyperprolactinaemia may be observed in
10-17% of cases.'* The prevalence of pituitary hormone
deficiency (HD) in patients with ESS is variable and has
been reported as 15-68%.'2'¢171 The relationship among
sella volume (SV), pituitary size, and hormonal dysfunction
remains unclear. Some studies suggest that the rate of hy-
pofunction is higher in total PES compared to partial PES,
whereas others show no significant difference.’®'2

In summary, the presence of PES in asymptomatic adults
does not necessarily indicate a pathological condition.
There is no consensus on when or how frequently diagnos-
tic hormone tests should be performed. While overdiagno-
sis would not be cost-effective, treating HD could improve
morbidity and quality of life. Therefore, we examined the
characteristics of patients with PES to determine the risk
factors and guide follow-up strategies.

Methods

The study was approved by the decision of Kahramanma-
ras Sutcu Imam University Faculty of Medicine Medical Re-
search Ethics Committee, dated 2024/01 and numbered 07.
All procedures of the study were conducted in accordance
with the ethical principles of the Declaration of Helsinki.

Patient Selection and Inclusion Criteria

This retrospective cross-sectional study included patients
diagnosed with PES who were followed by the Depart-
ment of Endocrinology and Metabolic Diseases of Kahra-
manmaras Sutcu Imam University (KSU) between January
2014 and October 2020. Patients were selected from those
referred to the KSU Endocrinology and Metabolic Diseases
outpatient clinic after being diagnosed with PES on pitu-
itary magnetic resonance imaging (MRI). Thirty-seven of
157 patients (2014-20) had secondary empty sella and
were excluded. The remaining 120 patients had PES and
were included (Fig. 1).

Study Protocol

Data on patients were obtained retrospectively. The fol-
lowing levels were recorded: fasting glucose, creatinine,
aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT), total cholesterol, triglycerides (TG), low-density
lipoprotein (LDL) and high-density lipoprotein (HDL). In ad-
dition, the following levels were obtained retrospectively
from the files for the evaluation of pituitary hormone axes:
follicle-stimulating hormone (FSH), luteinising hormone
(LH), estradiol, total testosterone (T), cortisol, prolactin,
growth hormone (GH), insulin-like growth factor-1 (IGF-1),
adrenocorticotropic hormone (ACTH), thyroid-stimulating
hormone (TSH) and free thyroxine (fT4).

Biochemical Evaluation

Biochemical parameters were measured using spectro-
photometric assays (Cobas 8000, Roche Diagnostics,
Mannheim, Germany). Hormonal parameters were mea-
sured using chemiluminescence assays (Roche Elecsys or
Abbott Architect, USA) at the Biochemistry Laboratory of
the KSU.

Figure 1. Flowchart showing the selection of the subjects included
in the study.
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Diagnosis of Hypopituitarism

Hypopituitarism was diagnosed using hormone tests. The
following serum concentrations were measured: fT4, TSH,
prolactin, LH, FSH, cortisol, GH, IGF-1, estradiol and total T.
Dynamic tests used were the ACTH stimulation test, insulin
tolerance test (ITT) and thirst test. To evaluate secondary
adrenal deficiency (SAD), patients with cortisol levels be-
tween 3 and 18 pg/dl underwent an ACTH stimulation test.
Between 2014 and 2020, adrenal function was evaluated us-
ing the 250 ug Synacthen test, with a cortisol peak of >18
pg/dl used to exclude adrenal insufficiency.?" Secondary
hypothyroidism was diagnosed when low fT4 levels were
associated with low or normal TSH values. In men, second-
ary hypogonadism was defined by low total T levels associ-
ated with normal or low gonadotropins (LH and FSH), and in
women of childbearing age by low estradiol levels alongside
clinical findings associated with low or normal gonadotro-
pins (amenorrhoea or oligomenorrhoea), and the absence
of high FSH levels in postmenopausal women.??

Growth hormone deficiency (GHD) was diagnosed using
the ITT in patients with low IGF-1 levels (below the lower
limit of the age- and sex-specific reference range) or when
clinical suspicion of GHD was high. Severe GHD was diag-
nosed when the GH peak was <3 pg/L. In patients with low
IGF-1 and a documented deficiency in three other pituitary
hormones, GHD was diagnosed without stimulatory tests.
231|TT was performed on 7 patients with suspected isolated
GH deficiency; none had a history of epilepsy or atheroscle-
rotic heart disease (contraindications for ITT).

The thirst test was used to diagnose central diabetes insipi-
dus (CDI). CDI was defined as urine osmolarity <300 mosm/
kg despite increased blood osmolarity >295 mosm/kg dur-
ing fluid restriction, in patients with polyuria >40 ml/kg/
day and hypotonic urine <300 mosm/kg, in the absence of
hyperglycaemia or hyponatraemia, and with an increase in
urine osmolarity >50% after desmopressin administration.24

Deficiency in more than three hormone axes was defined
as panhypopituitarism; hypopituitarism if there was defi-
ciency in more than two axes; and isolated HD if there was
deficiency in a single axis.?

Radiological Evaluation

All patients underwent pituitary MRI at diagnosis. Dynamic
images were obtained using a 1.5 T scanner (Philips Inge-
nia, Philips Healthcare, Netherlands) and evaluated by the
same radiologist. The MRI protocol included sagittal and
coronal T1-weighted sequences, coronal T2-weighted se-
quences and post-contrast T1-weighted images. Morpho-
metric measurements of the sella turcica, including SV and
pituitary height, were performed retrospectively.
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Measurement of Sella Volume

Morphometric measurements of the sella turcica were
taken from the mid-sagittal section using the T1 sequence.
Sella length (L) was measured as the distance between the
dorsum sella and the tuberculum sella. Sella width (diam-
eter, D) was measured as the anteroposterior distance from
the tuberculum sella to the deepest point behind the sella.
Sella depth (W) was measured as the perpendicular dis-
tance from the line connecting the dorsum sella and the tu-
berculum sella to the deepest point at the base of the sella.

Sella volume was calculated using the formula “ellipsoid
volume (V)=0.52x(LxDxW) mm?>"2¢

Figure 2 shows the measurement of the sella dimensions
in three different planes in an MRI of one of the subjects in-
cluded in the study. In the non-contrast T1 Turbo Spin Echo
(TSE) coronal section, the width (D) of the sella is measured
from one side of the bone to the other. In the T1 TSE sagit-
tal section passing through the centre, the anteroposterior
diameter (L) and depth (W) are measured using two per-
pendicular rulers (yellow line).

Diagnosis of Primary Empty Sella

In partial PES, the sella turcica is <50% filled with CSF and
the remaining pituitary tissue is 2-5 mm thick. Total PES is
defined when the sella turcica is >50% filled with CSF and
the remaining pituitary tissue is <2 mm thick.24

Statistical Analysis

The suitability of quantitative variables for a normal distribu-
tion was analysed using the Shapiro-Wilk test. Group com-
parisons were analysed using an independent samples t-test
for variables that conformed to a normal distribution and a
Mann-Whitney U-test for variables that did not. The distri-
butional differences of qualitative variables between groups
were analysed using Fisher's exact test and the chi-square
test. Spearman correlation analysis was used to analyse the
relationship between quantitative variables. The effect of
independent variables on the dependent variable was ana-
lysed using multinomial logistic regression analysis. Statisti-
cal significance was accepted at p<0.05. Statistical param-

Figure 2. Measurement of sella dimensions in three different planes.
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eters were expressed as mean, standard deviation, median
(Q1-Q3), ratio and number (n). The IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corporation, Armonk, NY, USA)
programme was used to analyse the data.

Results

General Characteristics of Patients with Primary
Empty Sella

The mean age of the 120 subjects with PES who partici-
pated in the study was 52.73+15.49 years. Females (n=92)
outnumbered males (n=28) by a ratio of 3.3:1. The mean
body mass index (BMI) was 29.06+6.71kg/m?, with 40.8%
of participants being obese and 33.3% being overweight.
In our study group, PES was most commonly detected inci-
dentally (39.2%). The most common presenting complaint
at diagnosis was headache (36%). This was followed by
erectile dysfunction, menstrual irregularity, gynecomastia,
infertility, short stature and absence of a beard. The most
common comorbidities in our PES cases were overweight/
obesity (74.1%) and HT (23.9%) (Table 1).

Table 1. Demographic data, complaints and comorbidities of
patients with primary empty sella

Age, MeanxSD 52.73+£15.49
BMI, Mean+SD 29.0646.71
Gender, n (%)
Female 92.00 (76.70)
Male 28.00 (23.30)
Presenting complaints*, n (%)
Incidental 47 (39.2)
Headache 27 (36.0)
Erectile dysfunction** 8(28.5)
Menstrual irregularity** 19 (20.7)
Gynaecomastia** 4(14.2)
Infertility** 4(14.2)
Short stature 10(13.3)
Absence of beard** 3(10.7)
Comorbidities*, n (%)
Overweight/Obesity 89 (74.1)
Hypertension 42 (23.9)
Type 2 Diabetes mellitus 33(18.8)
Hyperlipidaemia 19(10.8)
Atherosclerotic heart disease 14 (8.0)
Osteoporosis 14 (8.0)
Depression 8 (4.5)
Idiopathic intracranial hypertension 3(1.7)
Rheumatoid arthritis 3(1.7)

BMI: Body mass index; SD; Standard deviation; *Since more than one
answer can be given for some variables, the total number of samples may
be higher than the total number of samples. **Ratios between men and
women are given.

Table 2. Radiological characteristics of the participants

Parameters Median (Q1-Q3)

1153.86 (578.62-1720.99)
18.49 (14.40-20.63)
13.00 (9.35-15.59)
9.58 (6.70-12.41)
2.54 (1.46-4.18)

Sella volume (mm?)
Sella length (mm)
Sella width (mm)
Sella depth (mm)

Pituitary height (mm)

The median SV of our patients with PES was 1153.86
mm?, and the median pituitary height was 2.54 mm
(Table 2).

Our study group with PES had at least one HD in 83.3%
(100/120) of patients and hyperprolactinaemia in 29.2%
(35/120). Of the 35 patients diagnosed with hyperprolac-
tinaemia, 28 had panhypopituitarism (GHD, secondary
hypogonadism and adrenal insufficiency), and seven had
isolated GHD. Panhypopituitarism patients had prolactin
levels ranging from 15 to 33 ng/ml. Since the elevated pro-
lactin levels were thought to be due to stalk compression,
none received dopamine agonist therapy. The most preva-
lent pattern among patients with HD was panhypopituita-
rism (48.0%, 48/100) (Fig. 3). The most common deficien-
cies were GHD and secondary hypogonadism, affecting
74% and 72% of participants, respectively. Other deficien-
cies were secondary hypothyroidism (66%), SAD (36%) and
CDI (4%) (Fig. 4).

Figure 3. Rates of hormone deficiency categorised by severity (a)
and type (b).

Figure 4. Rates of hormone dysfunction by gender.
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Figure 5. Severity of hormone deficiency in the total and partial PES
groups.

In addition, HD was present in 79.3% (73/92) of women and
96.4% (27/28) of men, with a statistically significant differ-
ence in favour of men (p=0.041). Panhypopituitarism was
present in 50% (14/28) of men and 37% (34/92) of women
(p=0.037) (Fig. 5).
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A Comparison of the Features of Patients with a
Total and Partial Empty Sella

The subjects were divided into two groups: total PES (n=82,
68.3%) and partial PES (n=38, 31.7%). According to the
hormonal evaluation, median TSH, IGF-1, FSH, LH, total T,
prolactin and cortisol levels were found to be significantly
lower in patients with total PES than in those with partial
PES (p<0.05). Although fT4, ACTH and estradiol levels were
lower in the total PES group than in the partial PES group,
no statistically significant difference was found (p>0.05).
When the two groups were compared in terms of metabol-
ic parameters, no significant differences were found in fast-
ing glucose, lipid panel, liver enzymes or creatinine levels
(p>0.05). Similarly, no significant difference was observed
in SV between total and partial PES (p=0.105) (Table 3).

There was no statistically significant difference between
the total and partial PES groups regarding the presence of
HD, but HD was high in both (89.4% vs 80.5%, p=0.296).

Table 3. Biochemical and radiological data of total and partial primary empty sella groups

Parameters Primer PES (n=120)
Total PES (n=82, 68.3%) Partial PES (n=38, 31.7%) MW-U p
Median (Q1-Q3) Median (Q1-Q3)

TSH (mIU/mL) 0.43 (0.04-1.65) 1.54 (0.67-2.75) 1066.500 0.006*
fT4 (ng/dL) 0.70 (0.57-1.00) 0.82 (0.60-1.10) 1244.500 0.076
GH (ng/mL) 0.10(0.05-0.27) 0.10 (0.05-0.22) 1546.000 0.946
IGF-1 (ug/L) 57.95 (29.00-94.00) 92.50(54.50-118.00) 1069.500 0.006*
FSH (U/L) 2.45 (0.62-7.30) 5.75(0.80-20.35) 1199.500 0.043*
LH (U/L) 0.90 (0.17-5.22) 3.30(0.60-10.40) 1103.000 0.010*
Total T (ng/dL) 13.25 (2.50-26.00) 22.92 (12.00-53.79) 1096.500 0.009*
Estradiol (ng/L) 12.24 (7.90-33.72) 17.32(11.10-45.30) 1339.500 0.217
Prolactin (ug/L) 5.80 (4.00-14.00) 10.55 (6.50-17.00) 1145.500 0.020*
Cortisol (ug/dL) 7.17 (3.16-13.25) 11.25 (8.33-14.50) 1130.500 0.016*
ACTH (ng/L) 17.65 (8.12-25, 60) 20.22 (14.70-28.60) 1218.500 0.055
Glucose (mg/dl) 93.00 (84.00-100.00) 97.00 (85.00-110.00) 1278.000 0.114
Creatinine (mg/dl) 0.75 (0.68-0.86) 0.78 (0.69-0.88) 1390.500 0.344
ALT (U/L) 17.00 (14.00-23.00) 18.00 (13.00-24.00) 1456.500 0.566
AST (U/L) 23.00 (17.00-28.00) 21.00 (16.00-30.00) 1442.500 0.514
TC (mg/dl) 185.00 (158.00-220.00) 175.00 (157.00-210.00) 1421.000 0.440
LDL (mg/dl) 118.50 (89.00-139.00) 117.25(91.00-136.00) 1539.000 0.915
HDL (mg/dl) 45.00 (38.00-50.00) 45.00 (39.00-52.00) 1506.000 0.769
TG (mg/dl) 154.50 (103.00-218.00) 138.50 (101.00-197.00) 1437.000 0.495
Sella volume (mm?) 1201.00 (990.10-1506.02) 1102.93 (845.44-1390.64) 1271.000 0.105

Mann-Whitney U test; a:0.05;* difference between groups statistically significant; Parameters: TSH: Thyroid stimulating hormone; fT4: Free thyroxine;
GH: Growth hormone; IGH-1: Insulin-like growth factor-1; FSH: Follicle stimulating hormone; LH: Luteinizing hormone; total T: Total testosterone; ACTH:
Adrenocorticotropic hormone; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TC: Total cholesterol; LDL: Low-density lipoprotein; HDL:

High-density lipoprotein; TG: Triglyceride.
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The total PES group had lower rates of single and two-
HD, whereas panhypopituitarism was significantly higher
(p=0.005) (Fig. 5).

Correlation between Sella Volume and Pituitary
Height with Age, BMI and Hormonal Data

A significant weak positive correlation was found between
SV and BMI, and significant weak negative correlations
were found between SV and FSH and LH (p<0.05). A sig-
nificant negative correlation was found between pituitary
height and age, while significant positive correlations were
found between pituitary height and TSH, sT4, IGF-1, TT, es-
tradiol, ACTH and cortisol (p<0.05) (Table 4).

Factors Affecting Pituitary Insufficiency

Multinomial logistic regression analysis was used to analyse
the effects of demographic, metabolic and radiological pa-
rameters on 1, 2 or =3 HD (Table 5). In the reference group
of people without pituitary hypofunction, the effect of the
independent variables on one HD was found to be insignifi-
cant (p>0.05). However, when the reference group included
people without pituitary hypofunction, the effect of male
gender on two hormone deficiencies was found to be sta-
tistically significant (p=0.031). Lower fasting glucose level,
pituitary height and male gender were found to have a sta-

Table 4. Relationship between sella volume and pituitary height
with age, body mass index and hormonal parameters

Parameters Sella Pituitary
volume height

r p r P
Sella volume (mm?3) - - -0.162 0.076
Pituitary height (mm) -0.162 0.076 - -
Age (years) 0.134 0.144  -0.323 <0.001*
BMI (kg/m?) 0.222 0.015* -0.056 0.540
TSH (mIU/mL) 0.114 0215  0.275 0.002*
fT4 (ng/dL) 0.080 0.387 0.277 0.002*
GH (ng/mL) 0.049 0.593 0.110 0.231
IGF-1 (ug/L) 0.138 0.132 0.394 <0.001*
FSH (U/L) -0.271 0.003*  0.093 0.312
LH (U/L) -0.288 0.001*  0.170 0.063
Total T (ng/dL) 0.027 0.774 0.319 <0.001*
Estradiol (ng/L) -0.017 0.851 0.195 0.032*
Prolactin (ug/L) 0.152 0.097 0.156 0.090
ACTH (ng/L) -0.106 0.250 0.220 0.016
Cortisol (ug/dL) 0.095 0.301 0.310 0.001*

Spearman Correlation test; r: Correlation coefficient; a:0.05; *correlation
statistically significant; Parameters: BMI: Body mass index; TSH: Thyroid
stimulating hormone; fT4: Free thyroxine; GH: Growth hormone; IGH-

1: Insulin-like growth factor-1; FSH: Follicle stimulating hormone; LH:
Luteinizing hormone; total T: Total testosterone; ACHT: Adrenocorticotropic
hormone.

tistically significant effect on the presence of =3 hormone
deficiencies (p=0.015, p=0.025 and p=0.002, respectively).

Discussion

We analysed 120 patients with PES. HD was found in 83.3%
of the study group, with GHD and secondary hypogonad-
ism being the most common causes. There was no signifi-
cant difference between total and partial PES. However,
total PES had a significantly higher rate of panhypopitu-
itarism. We also observed lower median serum levels of
TSH, IGF-1, FSH, LH, total T, prolactin and cortisol in total
PES compared to partial PES. Lower median pituitary gland
height and male gender were associated with panhypopi-
tuitarism.

PES is a common incidental radiological finding, with an
incidence rate of 5-38% in the general population.”27 A lit-
erature review shows that PES is diagnosed in asymptom-
atic patients 70% of the time.3! However, patients should
also be evaluated for ESS, which can cause endocrine, oph-
thalmic and/or neurological symptoms. The most common
neurological finding of ESS is headache due to increased
intracranial pressure.l'*'3 In their retrospective study of pa-
tients with PES, Guitelman et al.'™ reported that 33.1% of
patients presented with headaches, 12.5% with other neu-
rological symptoms and 8.75% with visual disturbances.
We also found that 39.2% of our patients with PES were
detected incidentally. Similar to the literature, we found
that the next most common reason for presentation was
headache, accounting for 36% of cases. Apart from this,
menstrual irregularities were found in 20.7% of women,
erectile dysfunction in 28.5% of men, gynaecomastia and
infertility in 14.2% of patients and an absence of beard
growth in 10.7% of patients. In another study of 142 pa-
tients with PES, menstrual irregularities were observed in
40% of women, sexual dysfunction in 53% of men and gyn-
aecomastia in 12% of men.

Female gender, multiple pregnancies, obesity, sleep ap-
nea, HT and benign intracranial HT are risk factors for de-
veloping PES.®' Previous studies have shown that PES is
more prevalent in middle-aged obese women with a his-
tory of multiple pregnancies, with an approximate female-
to-male ratio of 4:1.8'%% |n our study group, the mean
age was 52.73+15.49 years, with a female-to-male ratio of
3.3:1. There was also a weak negative correlation between
age and pituitary height. However, as our study was retro-
spective, we could not obtain data on pregnancy history.
Women are more affected because their pituitary glands
enlarge during pregnancy and lactation and shrink during
menopause. This can lead to displacement of the suprasel-
lar chiasmatic cisterna into the pituitary fossa.’?”!
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Table 5. Demographic, metabolic and radiological parameters affecting the risk of pituitary insufficiency

Pituitary insufficiency B Wald p ODDS Ratio (95% Cl)
Isolated hormone deficiency
Intercept 3.792 1.741 0.187
Age (years) -0.003 0.022 0.881 0.997(0.952-1.043)
BMI (kg/m2) -0.047 1.292 0.256 0.954(0.880-1.035)
Glucose (mg/dl) 0.007 0.313 0.576 1.007(0.983-1.031)
LDL (mg/dl) -0.005 0.266 0.606 0.995(0.975-1.015)
TG (mg/dl) 0.002 0.162 0.687 1.002(0.994-1.009)
Sella volume (mm?3) 0.000 0.041 0.840 1.000(0.999-1.002)
Pituitary height (mm) -0.270 0.613 0.434 0.763(0.388-1.502)
Gender=Male 1.609 1.813 0.178 5.000(0.480-52.048)
Gender=Female 0 . . .
Hypopituitarism Intercept 2.829 0.694 0.405
Age (years) 0.033 1.452 0.228 1.034(0.979-1.092)
BMI (kg/m2) -0.056 1.004 0.316 0.945(0.846-1.055)
Glucose (mg/dl) 0.001 0.006 0.936 1.001(0.976-1.027)
LDL (mg/dl) 0.002 0.020 0.888 1.002(0.979-1.025)
TG (mg/dl) 0.006 2.761 0.097 1.007(0.999-1.014)
Sella volume (mm?3) -0.001 0.789 0.375 0.999(0.997-1.001)
Pituitary height (mm) -0.386 0.890 0.346 0.680(0.305-1.516)
Gender=Male 2.750 4.650 0.031* 15.650(1.285-190.658)
Gender=Female 0 . . .
Panhypopituitarism Intercept 10.762 12.667 <0.001*
Age (years) 0.018 0.604 0.437 1.018(0.973-1.066)
BMI (kg/m?) -0.057 1.484 0.223 0.944(0.861-1.036)
Glucose (mg/dl) -0.039 5.033 0.025* 0.962(0.930-0.995)
LDL (mg/dl) 0.010 0.895 0.344 1.010(0.990-1.030)
TG (mg/dl) 0.004 1.337 0.248 1.004(0.997-1.012)
Sella volume (mm?) 0.001 2.543 0.111 0.999(0.997-1.000)
Pituitary height (mm) -1.147 9.290 0.002* 0.318(0.152-0.664)
Gender=Male 2.996 5.959 0.015* 20.002(1.805-221.672)
Gender=Female 0

Dependent variable reference group: No hormone dysfunction; Multinominal Logistic regression; a:0.05; Nagelkerke R2:0.420; Independent variables: Age,
BMI: Body mass index, LDL: Low-density lipoprotein, TG: Triglycerides, sella volume, pituitary height; *The effect of the respective variable on pituitary

hormone deficiency is significant.

In addition, obesity is frequently observed in patients with
PES. In a study by Zuhur et al.?¥, a BMI above 25kg/m? was
found in 70% of patients with PES. In our study group, the
mean BMI was 29.06+6.71kg/m? and we found that 74.1%
had a BMI=25kg/m? (40.8% obese vs 33.3% overweight).
In obese individuals, increased intracranial pressure may
be observed due to hypercapnia, sleep apnea syndrome,
high intra-abdominal pressure resulting from central obe-
sity and a thrombophilic predisposition.B%3" Systemic HT
can cause increased cranial pressure due to abnormal pul-
sation of CSF caused by arterial stiffness and perivascular
changes.B233 A study by Chen et al." found HT to be an
independent risk factor for PES, increasing the relative risk
by 3.1. The HT rate was 24.7% in a study by Zuhur et al.?®

In our study, HT was the most common comorbidity after
obesity, affecting 23.9% of patients with PES. We believe
that female gender, HT and obesity may contribute to the
development of PES, but the retrospective nature of our
study prevented us from determining a cause-and-effect
relationship.

The endocrine dysfunction associated with ESS can range
from mild to life-threatening. Hypopituitarism is observed
in around 50% of patients, often through incidental de-
tection.[2121617.24341 Multiple pituitary HD are more preva-
lent, with an estimated prevalence of 30%, compared to
21% for isolated HD.I"® In our study, the overall rate of HD
was 83.3%, the highest rate reported in the literature to
date, following the 68% reported by Colao et al.® As in
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previous studies, the most common type of HD in our
study group was =3 hormones. GHD (74%) and second-
ary hypogonadism (72%) were the most common causes
of HD. These were followed by secondary hypothyroidism
(66%), SAD (36%) and CDI (4%), respectively. GHD is the
most common form of HD, affecting 60% of patients ac-
cording to the literature. Hypogonadism, hypothyroidism
and hypoadrenalism follow, with reported rates of 15-
20%. CDl is the least common, at <5%.512'81 This suggests
a possible link to HD due to the pituitary gland’s cellular
anatomy. Somatotropes and gonadotropes may be more
vulnerable to pressure due to their location.®'>3% Another
common endocrinopathy is mild hyperprolactinaemia,
affecting up to 21% of patients, which is rarely of clini-
cal significance.?® It is usually caused by increased CSF
pressure on the pituitary stalk and a decreased inhibitory
effect of dopamine.“® We found hyperprolactinaemia in
29.2% of our patients. Our results and the literature show
high rates of hormone dysfunction, even among asymp-
tomatic patients with PES. We believe these patients
should be evaluated, especially for anterior pituitary HD
at diagnosis.

In our study, there was no significant difference in HD be-
tween the total and partial PES groups, but the total group
had significantly higher rates of panhypopituitarism (60.5%
vs 30.5%). Median serum TSH, IGF-1, FSH, LH, total T, prolac-
tin and cortisol levels were also lower in the total PES group.
Some studies suggest the rate of HD is higher in total PES
than in partial PES, while others report no significant differ-
ence. In a study of 85 patients, Lupi et al.®¥ found that the
prevalence of HD was similar in patients with partial and
total PES. Lu et al."® conducted a study in China including
60 subjects with PES and found that the hypopituitarism
rate was higher in patients with total PES than in those with
partial PES (70.8% vs 40%). Our data and previous studies
both support the need to evaluate the hormones of pa-
tients with PES regardless of whether it is total or partial.
However, our research has shown that patients with total
PES are at a higher risk of panhypopituitarism. Therefore,
we believe that these patients should be monitored more
closely.

Hormone dysfunction in PES is thought to be caused by
pressure on the pituitary gland parenchyma, located in
the sella, due to stretching of the pituitary stalk."” There-
fore, the relationship between pituitary size and SV and
hormone dysfunction has been a subject of interest.
The normal range of adult SV is 240-1092mm?29 In in-
dividuals with PES, SV increases compared to healthy
controls.®”? Simsek et al.B® found respective volumes of
895.6+330.6mm? 125.8+50.8mm> and 679.5+129.5mm?
in a study comparing partial PES, Sheehan syndrome and

healthy controls. In that study, ACTH, cortisol, fT4, pro-
lactin and IGF-1 levels were within the normal reference
range but were significantly lower in the partial PES group
than in the healthy control group. Consequently, it was
hypothesised that an enlarged SV could be a risk factor
for PES and the subsequent development of low hormone
levels. In our study, the median SV was within the upper
limits of the normal range (1153.86mm?). Additionally, al-
though the SV increased in the total PES group, no signifi-
cant difference was observed in median SV between total
and partial PES groups (1201.00/1102.93mm?). We found
a weak negative correlation between SV and FSH and LH
levels but not with other hormone levels. SV was not an
effective factor on hormone dysfunction. Similarly, Katuza
et al.?? examined the relationship between radiologic
features and pituitary hormone levels in 43 patients with
total and partial PES and found no significant difference in
pituitary—sella volume or height between the two groups.
In addition, logistic regression analysis showed no sig-
nificant relationship between SV and the development
of hormone disorders. Our findings, which are consistent
with the literature, suggest that although SV increases in
PES, it alone does not predict hormone dysfunction. We
believe that this relationship should be further investigat-
ed in prospective studies.

In our study, we demonstrated a weak positive correlation
between pituitary gland height and hormone levels. Lower
pituitary gland height was also an effective factor in hor-
mone insufficiency. Yamada et al.* found total PES in six
and partial PES in 16 of the 38 asthenic individuals in their
study; however, serum cortisol level was the only factor
found to be independently associated with pituitary size.
Katuza et al.?” found no significant difference in pituitary
height between patients with total and partial PES. Akkus
et al.® studied 55 patients with partial PES and 12 with total
PES and found lower levels of FSH, LH, ACTH, cortisol and
fT4 in patients with total PES than in those with partial PES.
However, pituitary volume was not a significant factor in
hormonal insufficiency. Our data and the literature suggest
an association between pituitary volume and hormonal
dysfunction, but further studies are needed.

Men are more likely to have hypopituitarism than women
with primary PES. Lu et al.'® found that 72.2% of men had
hypopituitarism compared to 44.74% of women, while Gui-
telman et al." found a 64% prevalence in men compared
to 22% in women. Our study also revealed higher rates of
general HD and panhypopituitarism in men (96.4% and
79.3%, respectively, vs 79.3% and 37% in women). Our re-
sults showed that being male increased the risk of panhy-
popituitarism. We could not determine why there is a dif-
ference in hypopituitarism between men and women with
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PES, but we suggest that sex-related variations in the cells
within the anterior pituitary gland could be a contributing
factor. Additionally, more female patients with PES may
have been included in study populations.

Fasting glucose levels were also a factor in panhypopitu-
itarism. A literature review revealed no information on
glucose levels and hypopituitarism in patients with PES.
Patients with hypopituitarism are prone to hypoglycaemia
due to growth hormone and/or cortisol deficiency, as these
hormones act as counter-regulators."? Therefore, the lower
glucose levels observed in our study were associated with
panhypopituitarism.

Our study’s limitation is its observational design, which
prevented us from determining the risk of HD in asymp-
tomatic patients with PES or elucidating the physiopathol-
ogy of HD in these patients. We are planning a prospective
cohort study on this topic in patients with PES in the future.

Conclusion

Pituitary HD is common in both total and partial PES, but
panhypopituitarism is more prevalent in total PES. PES is
more prevalent in women, whereas general and severe HD
are higher in men. Low pituitary height and male gender
are risk factors for panhypopituitarism. Patients with PES
should undergo hormonal evaluation at the time of diag-
nosis, regardless of whether the condition is total or partial.
However, patients who are male, have total PES and have
low pituitary height are at a higher risk of panhypopituita-
rism and require further investigation and close follow-up.

The article is derived from a medical specialty thesis.
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