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ABSTRACT

Objective: To evaluate whether inflammatory markers and carotid intima-media thickness are increased in patients with
Sheehan syndrome. Methods: This study included 37 patients diagnosed with Sheehan syndrome who met the eligibility criteria,
along with 37 healthy controls matched for age, body mass index, and parity. All participants underwent a detailed clinical
evaluation, along with measurement of biochemical and hormonal parameters, as well as inflammatory markers, specifically
tumor necrosis factor alpha and interleukin-6. Both patients and controls were assessed for carotid intima-media thickness
using a high-resolution color Doppler system. Results: Patients with Sheehan syndrome had significantly higher mean levels
of triglycerides, total cholesterol, and low-density lipoprotein cholesterol, along with lower levels of high-density lipoprotein
cholesterol compared with controls. They also exhibited higher levels of tumor necrosis factor alpha (23.41 + 10.97 pg/mL
versus 20.05 + 2.76 pg/mL; p = 0.041) and interleukin-6 (37.19 + 5.38 pg/mL versus 32.08 + 1.18 pg/mL; p = 0.004), as well as an
increased mean carotid intima-media thickness value (0.71 £ 0.07 mm versus 0.59 + 0.05 mm; p = 0.001). Conclusion: Patients
with Sheehan syndrome exhibited risk factors that may elevate their likelihood of developing atherosclerosis.

Keywords: Hypopituitarism; Carotid intima-media thickness; Atherosclerosis

INTRODUCTION

Sheehan syndrome is a condition characterized by  care, Sheehan syndrome remains one of the most

have decreased due to improvements in obstetric

hypopituitarism, resulting from ischemic necrosis of  common causes of hypopituitarism in developing
the pituitary gland due to extreme hypotension or  countries. The disorder is rare in Western countries,
shock caused by severe hemorrhage during or after  but it continues to be observed in some develop-
childbirth (1). Although its incidence is believed to  ing nations (2,3). An epidemiological survey from
the Kashmir valley of the Indian subcontinent has
reported a prevalence of Sheehan syndrome of ap-
proximately 3% in women older than 20 years, with
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at home (4). Sheehan syndrome is characterized by
varying degrees of dysfunction in the anterior and,
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festing immediately in the postpartum period or af-
ter several years, depending on the extent of tissue
damage (5,6).

=
i
=<

Arch Endocrinol Metab, 2025, v.69(3), 1-8, €240140. 1



Patients with hypopituitarism who are receiving
appropriate conventional replacement therapy, es-
pecially women, have a higher risk of cardiovascular
morbidity and mortality compared with the general
population (7). The exact mechanism behind this in-
creased risk of vascular disease in hypopituitarism
remains unclear. However, recent research has called
into question the previously held belief that growth
hormone (GH) deficiency protects against the risk of
cardiovascular events, suggesting instead that GH
deficiency may play a role in their pathophysiology
(8). Notably, GH deficiency, a well-known feature of
Sheehan syndrome, is linked to a cluster of cardiovas-
cular risk factors, including abnormalities in lipid and
carbohydrate metabolism, insulin resistance, endo-
thelial dysfunction, and increased carotid intima-me-
dia thickness (CIMT), among others (9-11). Moreover,
the significant prevalence of coronary calcium depos-
its in patients with Sheehan syndrome not receiving
GH replacement therapy predisposes them to a rela-
tively high risk of coronary heart disease (12).

Endothelial dysfunction plays an important role in
the pathogenesis of atherosclerosis and can be detect-
ed early in individuals at risk for cardiovascular events
(13). Cytokines, as mediators of inflammation, play a
crucial role in endothelial injury (14). Several inflam-
matory markers, including tumor necrosis factor alpha
(TNF-a) and interleukin-6 (IL-6), have been shown to
predict cardiovascular events in asymptomatic patients
who are at high risk for these events. These peripheral
markers of inflammatory activity correlate with the lev-
el of atherosclerosis detected by CIMT measurement.

Considering the above, the present study aimed
to evaluate whether inflammatory markers and CIMT
are increased in patients with Sheehan syndrome.

METHODS

This case-control, cross-sectional observational study
was conducted inthe Department of Internal Medicine
and Endocrinology at Government Medical College
Srinagar, following approval from the Institutional
Ethics Committee. Written informed consent was
obtained from all participants, and the study was con-
ducted in accordance with the principles outlined in
the Declaration of Helsinki.
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Study subjects

Cases (n = 37)

Women diagnosed with Sheehan syndrome were re-
cruited from the Endocrine Clinic after meeting the
study’s inclusion criteria. The diagnosis of Sheehan
syndrome was established according to the essential
criteria proposed by Diri and cols. (1). For this study,
cases were defined as women who met the essential
criteria for Sheehan syndrome and were stable on
conventional replacement treatment without GH re-
placement for at least 6 months prior to the study. All
participants had GH deficiency documented by low
levels of insulin-like growth factor 1 (IGF-1) and GH
on aninsulin tolerance test (ITT), when required.

Controls (n = 37)

Healthy women, who were matched by age and body
mass index (BMI), from the same ethnic background, and
unrelated to those in the case group, served as controls.

Inclusion criteria

Women in the postpartum period, regardless of age
group, who were hemodynamically stable, had no other
comorbidities (e.g., diabetes or hypertension), agreed
to participate, and met the above-mentioned criteria
for cases and controls, were eligible for the study.

Exclusion criteria

The exclusion criteria for all participants included
known atherosclerotic disease or established cardio-
vascular disease, such as hypertension, peripheral ar-
terial insufficiency, a history of myocardial infarction
or stroke, and diabetes. Additional exclusions were
applied to specific physiological groups, including
women who were pregnant or lactating and those at
the extremes of age.

Method

All study participants underwent anthropometric as-
sessments, which included measurements of weight,
height, waist-to-hip circumference, blood pressure,
and a detailed physical examination. The participants’
BMI was calculated by dividing body weight (in kg)
by the square of height (in m?). All patients had been
stable on conventional replacement therapy for at
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least 6 months prior to the study. None of the patients
had received GH replacement before. Patients visited
the Endocrinology Clinic within the Internal Medicine
Department between 8:30 a.m. and 9 a.m., following
an overnight fast of 10 to 12 hours and without taking
their usual morning replacement therapy. The investi-
gation was conducted on an outpatient basis.

Venous blood samples were collected to measure
levels of triglycerides, total cholesterol, high-density
lipoprotein (HDL) cholesterol, low-density lipopro-
tein (LDL) cholesterol, and fasting blood glucose, and
to conduct routine hematological tests. Liver and kid-
ney function tests were also conducted. Biochemical
analyses, including glucose, total cholesterol, and
triglyceride concentrations, were conducted using a
Technicon DAX-72 automated analyzer (Technicon,
Bayer Corporation, Tarrytown, NY, USA) at the Central
Biochemistry Laboratory of the Government Medical
College Srinagar. Levels of HDL cholesterol were mea-
sured using an automated analyzer (RAXT) following
precipitation with phosphotungstic acid and magne-
sium chloride. Levels of LDL cholesterol were calculat-
ed using the Friedwald formula (15). Hormonal assays
were performed using the electrochemiluminescence
method on an Abbott ARCHITECT i2000SR immuno-
assay analyzer, following the manufacturer’s protocol.
Levels of IGF-1 were measured using a chemilumines-
cent immunometric assay (CLIA).

Measurement of CIMT was performed using a
high-resolution color Doppler ultrasound system
(LOGIQ S8; GE Healthcare, Chalfont St. Giles, UK),
following a standard protocol (16). Scanning of the
extracranial carotid arteries in the neck was conduct-
ed bilaterally using three different longitudinal pro-
jections, i.e., anterior-oblique, lateral, and posterior-
oblique, in addition to a transverse projection. Three
CIMT measurements were obtained at the site of
greatest thickness, as well as at two additional points:
1 cm proximal and 1 cm distal to that site. The aver-
age of these three values was calculated. The highest
value among the six averaged CIMT measurements
(three from the left side and three from the right
side) was used as the representative CIMT value for
each individual. The coefficients of variation for the
measurements were below 3%. All scans were read
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by an independent physician who was blinded to the
participants’ clinical status.

Serum concentrations of TNF-a and IL-6 were
measured in all patients using commercially avail-
able enzyme-linked immunosorbent assay (ELISA) kits
for cytokine detection (eBioscience ELISA Kits, San
Diego, CA, USA), which have an intra-assay coefficient
of variation of 5.3 to 8.3%.

Statistical analysis

The statistical software Statistical Package for the
Social Sciences (SPSS), version 20.0 (SPSS Inc., Chicago,
IL, USA), was used to analyze the recorded data.
Continuousvariables are presented as means + standard
deviations, while categorical variables are summarized
as frequencies and percentages. The Shapiro-Wilk test
and a normal probability plot were used to assess the
normality of the data. Normally distributed continuous
variables were compared using Student’s independent
t test, while non-normally distributed variables were
analyzed using the Mann-Whitney U test. A p-value of
less than 0.05 was deemed statistically significant. All
p-values were calculated using two-tailed tests. Linear
regression analysis was conducted to predict the value
of one variable based on the value of another variable.

RESULTS

Baseline characteristics of the participants

The study included 74 women, 37 with Sheehan syn-
drome and 37 controls, matched for age, BMI, and par-
ity. Cases and controls were selected to ensure similar
distributions in age, BMI, baseline heart rate, systolic
blood pressure, and diastolic blood pressure. The de-
tails of the biochemical profile and inflammatory mark-
ers of the participants are provided in Table 1. Patients
received glucocorticoids in the form of divided doses
of hydrocortisone, which was the most common treat-
ment (81.08%), or once-daily doses of prednisolone.
Combined estrogen-progestin was used as hormone
replacement therapy for hypogonadism (67.57%).

Biochemical parameters and inflammatory markers

Patients with Sheehan syndrome, compared with con-
trols, had significantly higher mean levels of triglyceri-
des(216.29+51.94mg/dLversus154.42+42.17 mg/dL;
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p <0.001), total cholesterol (188.26 +45.17 mg/dL ver-
sus 147.53 + 39.63 mg/dL; p < 0.001), and LDL choles-
terol(112.38+43.82mg/dLversus74.62+28.85mg/dL;
p < 0.001), along with lower levels of HDL cholester-
ol (46.21 + 10.69 mg/dL versus 61.35 + 8.72 mg/dL;
p <0.001).

The details of the hormone profiles at the initial
evaluation in patients with Sheehan syndrome are
presented in Table 2. All patients had at least one hor-
mone deficiency, and 90% of them had multiple hor-
mone deficiencies.

Carotid IMT in Sheehan syndrome

Patients with Sheehan syndrome, compared
with healthy controls, had significantly higher mean
TNF-a levels (23.41 + 10.97 pg/mL versus 20.05 + 2.76
pg/mL; p = 0.041) and mean IL-6 levels (37.19 + 5.38
pg/mL versus 32.08 + 1.18 pg/mL; p = 0.004).
Additionally, patients with Sheehan syndrome exhib-
ited significantly increased mean CIMT values (0.71 £
0.07 mm) than controls (0.59 + 0.05 mm; p < 0.001).
Regression analysis showed no significant associa-
tion between the number of hormone deficiencies and
CIMT values (Table 3).

Table 1. Comparison of anthropometric, clinical, and biochemical characteristics and inflammatory markers among patients with Sheehan

syndrome (cases) and controls

. Cases
Variable (mean = SD)
Age, years 50.1 +14.71 (30-80)
Parity 3.4+1.47(1-7)

HR, beats/minute 73.81+9.76 (51-98)

SBP. mmHg 112.6 + 8.74 (90-130)
DBP, mmHg 74.6 +7.93 (64-84)
BMI, kg/m2 22.08+247

Waist-to-hip ratio

Serum total cholesterol, mg/dL
Serum triglycerides, mg/dL
Serum LDL cholesterol, mg/dL
Serum HDL cholesterol, mg/dL
Serum TNF-at, pg/mL

Serum IL-6, pg/mL

CIMT, mm

0.89+0.10(0.83-0.99)
188.26 £ 45.17
216.29 +51.94
112.38 £ 43.82
46.21+10.69
23.41 +£10.97 (19.8-27.1)
3719+ 5.38 (35.4-38.9)
0.71+0.07 (0.69-0.74)

Controls
(mean = SD) pelaine
47.8 +13.54 (29-69) 0.472
29+1.28(1-6) 0.123
76.71 +14.20 (64-100) 0.231
108.9 + 12.12 (98-126) 0.332
70.9 +10.34 (70-84) 0.223
21.43+2.04 0.221
0.87 +0.09 (0.83-0.98) 0.314
147.53 + 39.63 <0.001*
154.42 +42.17 <0.001*
74.62 + 28.85 <0.001*
61.35+8.72 <0.001*
20.05+2.76 (19.1-20.9) 0.041*
32.08 £1.18(32.4-33.2) 0.004*
0.59 +0.05 (0.58-0.61) <0.001*

Values in parenthesis are range or 95% confidence interval.
* p-values < 0.05 were considered significant.

SD: standard deviation; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; LDL: low-density lipoprotein; HDL: high-density lipoprotein; TNF-c.:

tumor necrosis factor alpha; IL-6: interleukin-6; CIMT: carotid intima-media thickness.

Table 2. Baseline hormone levels among patients with Sheehan syndrome

Hormone Mean + SD
fT3, pg/dL 1.41+0472
fT4, ng/dL 0.77 £0.741
TSH, mlU/L 1.62+2.178
LH, mlU/mL 0.89 +1.463
FSH, mIU/mL 3.14 £1.036
GH ,ng/mL* 0.17 £0.241
Prolactin, ng/mL* 453+2.193
Cortisol, pg/dL* 3.19 +1.356
IGF-1, ng/mL 18.55+6.12

Normal values Patients with deficiency (%)

1.7-3.71 45.9
0.59-1.76 51.4
0.5-6.5 511
3-12 67.6
2-6.6 43.2
>3 100.0
>2 73.0
>20 86.5
105-190 100

*Peak values after the insulin tolerance test. Hormone assays were performed with a specific radioimmunoassay.
Data are expressed as frequency or median (range or 35% confidence interval), as appropriate, if not mentioned any other way.
SD: standard deviation; fT3: free triiodothyronine; fT4: free thyroxine; TSH: thyroid-stimulating hormone; LH: luteinizing hormone; FSH: follicle-stimulating hormone; GH: growth hormone.
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Table 3. Results of correlation analysis between carotid intima-
media thickness values and the number of hormone deficiencies

Variable r p-value
One hormone (8%) 0.251 0.763
Two hormones (21.5%) 0.982 0.016
Three hormones (12%) 0.264 0.816
Four hormones (58.5%) 0.035 0.043

DISCUSSION

Cardiovascular diseases, the leading cause of death in
both developed and developing countries, are not un-
common in patients with hypopituitarism. Reportedly,
cardiovascular diseases are considerably more preva-
lent among patients with hypopituitarism, along with
abnormalities in cardiac structure and poor cardiac
output (17,18). Studies have shown that women with
hypopituitarism have more than double the risk of
cardiovascular mortality compared with the general
population (19). Patients with Sheehan syndrome
experience varying degrees of pituitary insufficiency,
which can range from partial to complete hormone
insufficiency, with GH deficiency observed in all cases
(5,6). Severe GH deficiency is a well-recognized char-
acteristic of Sheehan syndrome and is associated with
a high incidence of cardiovascular morbidity and mor-
tality; this is due to an unfavorable cardiovascular risk
profile that includes abnormal body composition, al-
tered lipid profile, reduced quality of life, and osteopo-
rosis (7). Replacement with recombinant GH improves
most of these altered parameters (20). Limited data
are available on the effects of GH deficiency in these
patients (21).

A study has found that patients with Sheehan syn-
drome who have not previously received GH replace-
ment therapy exhibit a combination of risk factors
that contribute to increased cardiovascular risk, ulti-
mately leading to higher morbidity and mortality (22).
The presence of elevated inflammatory markers, an
atherogenic lipid profile, and increased CIMT under-
scores the importance of preventive measures to re-
duce cardiovascular risk in patients with Sheehan syn-
drome. The present study demonstrated that these
patients have atherogenic lipid abnormalities char-
acterized by higher levels of triglycerides, total cho-
lesterol, and LDL cholesterol, along with lower levels
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of HDL cholesterol compared with healthy controls.
These observations are consistent with some earlier
studies (23-25). Bulow and cols. reported that adults
with untreated GH deficiency had elevated levels of
total cholesterol, LDL cholesterol, triglycerides, and
apolipoprotein B, and reduced levels of HDL choles-
terol compared with healthy adults (26). Kelestimur
and cols. have reported positive effects of GH replace-
ment on an adverse cardiovascular risk profile, par-
ticularly concerning the atherogenic lipid profile, in
addition to beneficial effects on quality of life and on
lean and fat body mass in patients with Sheehan syn-
drome (21).

In the present study, hormone levels were evalu-
ated in all patients, and each one exhibited at least one
hormonedeficiency,with 90% presenting multiple hor-
mone deficiencies. Other studies assessing hormone
levels following pituitary ischemic infarction have
found that 88% of the cases exhibited GH deficiency,
58 to 76% showed gonadotropin deficiency, and 66%
demonstrated corticotropin deficiency. In a few earli-
er studies involving patients with partial Sheehan syn-
drome, GH deficiency was a universal finding among
all women (5,6). The somatotrophs are located in the
lower and lateral regions of the pituitary, which makes
them susceptible to damage from ischemic necrosis of
the gland; this damage often leads to GH deficiency,
a common characteristic observed in the syndrome
(27,28). These hormonal deficiencies, along with inad-
equate hormone replacement, increase the patients’
metabolic, inflammatory, and cardiovascular risks.
Inadequate hormone replacement in these patients
increases their therapeutic burden and encourages
complacency where none is warranted.

The adult patients with hypopituitarism and un-
treated GH deficiency in the present study exhibited
increased CIMT values, which is a widely recognized,
noninvasive indicator of atherosclerosis in the coro-
nary arteries and a predictor of cardiovascular events
(29-31). Studies examining CIMT values in patients
with hypopituitarism and untreated GH deficiency
have produced conflicting results. While some studies
found that these patients had increased CIMT values
compared with controls (32,33), other studies did not

confirm this association (19,34). In the present study, =
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the mean CIMT value was significantly higher in pa-
tients with Sheehan syndrome compared with controls
matched for age, BMI, and parity. Leonsson and cols.
found that patients with GH deficiency had signifi-
cantly higher CIMT compared with nonobese controls
(35). Notably, in women, several cardiovascular risk fac-
tors were identified that were independent of the de-
gree of adiposity (35). The authors noted that a higher
waist-to-hip ratio, elevated serum levels of triglycer-
ides, total cholesterol, and LDL cholesterol, along with
decreased serum levels of HDL cholesterol in the pa-
tients, appeared to be a consequence of GH deficiency.
Therefore, the adverse risk profile in the present study
may increase the predisposition to adverse cardiovas-
cular events in patients with hypopituitarism due to
Sheehan syndrome. The replacement of GH in adult pa-
tients with hypopituitarism has been shown to signifi-
cantly decrease CIMT, suggesting a direct effect of GH
on the arterial wall and a potential beneficial impact of
GH on the vascular system (36). The role of prolactin in
cardiovascular risk remains inconclusive. Nevertheless,
some studies suggest a connection, as this hormone has
been associated with inflammatory processes that play
apartinatherosclerosis. In contrast, in a study involving
3,232 participants from the Framingham Heart Study,
Therkelsen and cols. found no association between pro-
lactin levels and a comprehensive panel of risk factors
for incident cardiovascular disease (37).

The results of the present study indicate that pa-
tients with Sheehan syndrome have elevated levels
of the inflammatory markers IL-6 and TNF-a. com-
pared with healthy controls. This increased inflam-
matory status may contribute to the unfavorable car-
diovascular risk profile observed in this population.
Potential reasons for the elevated IL-6 and TNF-a
levels in women with Sheehan syndrome include both
the hormone deficiencies and the effects of hormone
replacement therapies. Notably, GH exerts important
effects on inflammatory cells, stimulating the pro-
duction of cytokines. In addition to its direct effects
on the production of inflammatory markers, GH may
also have important indirect effects by altering body
composition. Increased production of IL-6 and TNF-a
from monocytes, along with increased concentrations
of these cytokines in the peripheral serum, have been
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observed in patients with GH deficiency. Furthermore,
GH replacement has been associated with a decrease
in the levels of these cytokines, suggesting that GH
may play a role in regulating inflammation in the vas-
cular wall. We propose that GH deficiency could be
a contributing factor involved in regulating cytokine
production in patients with Sheehan syndrome, as
demonstrated in our study. The increased adipose tis-
sue mass in patients with GH deficiency may also con-
tribute to the synthesis of TNF-o. and lead to elevated
levels of inflammatory markers in these patients. Our
study emphasizes the importance of further investi-
gating the role of GH deficiency and its treatment in
patients with Sheehan syndrome.

The present study showed that patients with
Sheehan syndrome who are receiving conventional
hormone replacement without GH exhibit a cluste-
ring of adverse cardiovascular risk factors, i.e., an
atherogenic lipid profile, elevated levels of the inflam-
matory markers TNF-a. and IL-6, and increased CIMT
values compared with healthy controls. In our region,
Sheehan syndrome is one of the most common causes
of adult GH deficiency and may be linked to an in-
creased cardiovascular risk profile in these patients.
Further research is needed to explore the underlying
pathophysiological mechanisms and implications of
this association.

This paper was presented at the 32nd Annual
American College of Clinical Endocrinology Meeting
in San Diego, USA, in 2022, as an oral presentation,
with the abstract listed as #1184265.
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