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Background: We investigated the prevalence of electrolyte imbalance and the relationship between serum electrolyte and anteri-
or pituitary hormone levels in patients with Sheehan’s syndrome.
Methods: In a retrospective study, we investigated 78 patients with Sheehan’s syndrome. We also included 95 normal control 
subjects who underwent a combined anterior pituitary hormone stimulation test and showed normal hormonal responses. 
Results: In patients with Sheehan’s syndrome, the serum levels of sodium, potassium, ionized calcium, magnesium, and inorgan-
ic phosphate were significantly lower than those in control subjects. The prevalence of hyponatremia, hypokalemia, hypocalce-
mia, hypomagnesemia, and hypophosphatemia in patients with Sheehan’s syndrome was 59.0% (n=46), 26.9% (n=21), 35.9% 
(n=28), 47.4% (n=37), and 23.1% (n=18), respectively. Levels of sodium and ionized calcium in serum were positively corre-
lated with levels of all anterior pituitary hormones (all P<0.05). Levels of potassium in serum were positively correlated with ad-
renocorticotrophic hormone (ACTH) and growth hormone (GH) levels (all P<0.05). Levels of inorganic phosphate in serum 
were positively correlated with levels of thyroid-stimulating hormone, prolactin, and GH (all P<0.05), and levels of magnesium 
in serum were positively correlated with delta ACTH (P<0.01). 
Conclusion: Electrolyte imbalance was common in patients with Sheehan’s syndrome. Furthermore, the degree of anterior pitu-
itary hormone deficiency relates to the degree of electrolyte disturbance in patients with this disease.
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INTRODUCTION

First reported in 1948 by British pathologist Harold Leeming 
Sheehan, the eponymous Sheehan’s syndrome is defined as hy-
popituitarism that occurs during or directly after childbirth due 
to blood loss, resulting in pituitary gland necrosis from de-
creased arterial perfusion of the pituitary gland [1]. In the 
1960s, the prevalence of Sheehan’s syndrome was 100 to 200 
per one million people [2]. In 2001, Tomlinson et al. [3] report-

ed that less than 1% of 1,014 hypopituitarism patients were di-
agnosed with Sheehan’s syndrome. Furthermore, Regal et al. 
[4] reported that hypopituitarism affected 455 people in a sam-
ple size of approximately one million, and about 6% of the af-
fected people were diagnosed with Sheehan’s syndrome.
  The clinical symptoms of Sheehan’s syndrome may develop 
in various ways according to the type and degree of hormone 
deficiency [5,6]. Early diagnosis and treatment of Sheehan’s 
syndrome is critical, as it can lead to from severe fatigue and 
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decreased energy to coma or even death [5]. However, many 
patients often receive prolonged inadequate treatment due to 
the differences in disease duration and symptoms, and several 
symptoms observed in patients with Sheehan’s syndrome are 
associated with electrolyte imbalance, such as hyponatremia 
[7,8]. Although anterior pituitary hormones are known to affect 
serum electrolyte levels, insufficient information is available 
about serum electrolyte levels in patients with Sheehan’s syn-
drome. Therefore, this study investigated the association be-
tween serum electrolyte levels and the incidence of anterior pi-
tuitary hormones and electrolyte imbalance in patients with 
Sheehan’s syndrome.

METHODS 

Study subjects
The study enrolled 78 patients newly diagnosed with Sheehan’s 
syndrome and 95 patients in a control group from 1995 to 2014 
at Chonnam National University Hospital.
  Sheehan’s syndrome was diagnosed based on: (1) heavy 
bleeding during the most recent childbirth along with postpar-
tum lactation failure or premature menopause based on the 
medical history; (2) a lack of one or more anterior pituitary 
hormones; and/or (3) an empty sella on pituitary magnetic res-
onance imaging [6]. Patients who received radiotherapy to the 
skull or had head trauma or surgery that might affect the pitu-
itary gland were excluded, as were patients with liver disease, 
kidney disease, heart failure, and/or who were taking medica-
tions known to affect electrolyte levels, including diuretics, 
calcium agents, vitamin D, and osteoporosis medication.
  Patients who did not have a proven pituitary hormone defi-
ciency based on combined pituitary stimulation testing at the 
time of admittance for pituitary tumor diagnosis were included 
in this study as the control group. 

Methods
Patient age and associated diseases at the time of diagnosis of 
Sheehan’s syndrome were analyzed. Patient height and weight 
were used to calculate body mass index (BMI, kg/m2).
  Hemoglobin, creatinine, sodium (reference value, 136 to 146 
mEq/L), potassium (reference value, 3.5 to 5.1 mEq/L), calci-
um (reference value, 8.4 to 10.2 mg/dL), ionized calcium (ref-
erence value, 2.2 to 2.6 mEq/L), magnesium (reference value, 
1.9 to 2.5 mg/dL), and phosphate (reference value, 2.5 to 5.5 
mg/dL) levels were measured using blood samples taken im-
mediately after admission. Total cholesterol, low density lipo-

protein cholesterol, high density lipoprotein cholesterol, tri-
glyceride, and glycated hemoglobin levels were measured us-
ing blood samples obtained after fasting at least 8 hours. The 
hormone response was measured with a combined pituitary 
stimulation test after fasting at least 8 hours while lying down 
for at least 15 minutes to measure the baseline levels of growth 
hormone, corticotropin, luteinizing hormone, follicle-stimulat-
ing hormone, thyroid-stimulating hormone, prolactin, free thy-
roxine, and cortisol, along with a blood sugar test. Blood sugar, 
prolactin, luteinizing hormone, follicle-stimulating hormone, 
thyroid-stimulating hormone, and corticotropin levels were 
measured by collecting blood samples 15, 30, 60, 90, and 120 
minutes after intravenous injections of 0.1 U/kg of rapid-acting 
insulin, 500 μg of thyrotropin-releasing hormone, and 100 μg 
of luteinizing-hormone-releasing hormone mixed in 5 mL of a 
saline solution [9]. Normal reactions to the combined pituitary 
stimulation tests were defined as follows: a prolactin level of 2 
μg/L or more with an increase exceeding 200% above the base-
line value; a thyroid-stimulating hormone level increase ex-
ceeding 5 mU/L above the baseline value; a luteinizing hor-
mone level increase exceeding 10 IU/L above the baseline val-
ue; a follicle-stimulating hormone level increase exceeding 2 
IU/L above the baseline value; a growth hormone level of at 
least 3 μg/dL when the glucose level was 40 mg/dL or less; and 
a cortisol level increase of at least 7 μg/dL or a cortisol level of 
20 μg/dL or more when the glucose level was 40 mg/dL or less 
[9]. Delta values were determined by subtracting the basal hor-
mone levels from the highest values of anterior pituitary hor-
mone responses to stimuli.
 
Statistical analysis
Data are expressed as median values (interquartile range) or 
percentages. The Mann-Whitney test was used to compare con-
tinuous variables between the two groups, and the chi-square 
test or Fisher exact  test was used to compare categorical vari-
ables. Spearman’s rank correlation analysis was used to ana-
lyze the relationships between electrolyte concentrations and 
the respective hormones. SPSS version 19.0 (IBM Co., Ar-
monk, NY, USA) was used for statistical analyses, and the level 
of statistical significance was defined as P<0.05.

RESULTS

At the time of Sheehan’s syndrome diagnosis, the median pa-
tient age was 54.0 years and the median BMI was 22.0 kg/m2 
(Table 1). At the time of admittance, 14 patients (17.9%) had 
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clouding of consciousness, three patients (3.8%) were coma-
tose, three (3.8%) had hypoglycemia with glucose less than 55 
mg/dL, and 10 patients (12.8%) had an accompanying infec-
tion. The median age at menopause was 33.0 years; lactation 
failure was observed in 73 patients (93.6%); and no patient had 
diabetes insipidus. Additionally, completely and partially emp-

ty sellae were observed in 47 patients (60.3%) and 31 (39.7%), 
respectively.
  Compared to the controls, Sheehan’s syndrome patients had 
significantly lower BMI, hemoglobin, serum sodium, potassi-
um, ionized calcium, magnesium, phosphate, and osmolality, 
and significantly higher serum creatinine and low density lipo-

Table 1. Clinical Features of Patients with Sheehan’s Syndrome	

Variable Sheehan’s syndrome (n=78)

Age at diagnosis, yr 54.0 (42.8–63.3)

Body mass index, kg/m2 22.0 (20.0–24.0)

Mental status on initial visit, normal/confusion/coma 61 (78.2)/14 (17.9)/3 (3.8)

Loss of lactation 73 (93.6)

Age at menopause, yr 33 (29.0–40.0)

Hypoglycemia (glucose <55 mg/dL) on initial visit 3 (3.8)

Diabetes mellitus 8 (10.3)

Hypertension 8 (10.3)

Infection 10 (12.8)

Diabetes insipidus 0

MRI scan of sella: empty sella, total/partial 47 (60.3)/31 (39.7)

Values are expressed as median (interquartile range) or number (%).	
MRI, magnetic resonance imaging.	

Table 2. Characteristics of Patients with Sheehan’s Syndrome and Control Subjects			 

Characteristic Sheehan’s syndrome (n=78) Controls (n=95) P value

Age at diagnosis, yr 54.0 (42.8–63.3) 49.5 (43.3–54.8) 0.105

Body mass index, kg/m2 22.0 (20.0–24.0) 25.1 (22.6–27.0) <0.001

Hemoglobin, g/dL 11.0 (10.0–12.0) 12.8 (11.9–13.5) <0.001

Sodium, mEq/L 131.0 (117.5–139.0) 140.0 (139.0–142.0) <0.001

Potassium, mEq/L 3.8 (3.4–4.1) 4.0 (3.7–4.3) 0.002

Total calcium, mg/dL 8.8 (8.6–9.2) 9.1 (8.8–9.3) 0.204

Ionized calcium, mEq/L 2.2 (2.1–2.3) 2.4 (2.3–2.5) <0.001

Magnesium, mg/dL 1.9 (1.7–2.0) 2.2 (2.1–2.4) 0.002

Inorganic phosphorus, mg/dL 3.1 (2.6–3.6) 3.7 (3.2–4.0) 0.004

Creatinine, mg/dL 0.8 (0.6–1.0) 0.6 (0.5–0.7) <0.001

HbA1c, % 5.8 (5.5–6.6) 5.8 (5.4–8.3) 0.967

Total cholesterol, mg/dL 220.0 (180.5–260.5) 196.0 (162.0–234.8) 0.140

Triglyceride, mg/dL 137.0 (101.0–191.5) 132.5 (70.0–182.3) 0.449

HDL-C, mg/dL 52.0 (36.5–63.0) 51.0 (40.0–63.0) 0.703

LDL-C, mg/dL 145.0 (111.0–177.0) 134.0 (98.0–164.5) <0.001

Serum osmolality, mOsm/kg 268.0 (243.0–291.8) 302.5 (283.3–309.8) <0.001

Urine osmolality, mOsm/kg 386.0 (300.0–586.0) 306.5 (161.3–485.0) 0.216

Values are expressed as median (interquartile range).			 
HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.			 
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Fig. 1. Prevalence of hormone deficiencies in patients with Shee-
han’s syndrome. GH, growth hormone; PRL, prolactin; FSH, fol-
licle-stimulating hormone; LH, luteinizing hormone; TSH, thy-
roid-stimulating hormone; ACTH, adrenocorticotrophic hormone.
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Table 3. Correlation between Hormone Levels and Electrolytes in the Study Subjects					   

Variable Na K Ca (i) P Mg

TSH 
Basal
Peak
Delta
FT4

  
–0.091
0.263b

0.344c

0.425c

  
–0.021
0.046
0.094
0.106

  
0.296a

0.290b

0.323b

0.264a

  
0.034
0.220a

0.259a

0.123

  
–0.020
0.229
0.185
0.161

ACTH
Basal
Peak
Delta

  
–0.002
0.305c

0.310c

  
–0.042
0.182a

0.262b

  
0.175
0.352b

0.428c

  
0.010
0.058
0.116

  
0.046
0.139
0.384b

Cortisol
Basal
Peak
Delta

  
0.332c

0.455c

0.425c

  
0.209b

0.248b

0.263b

  
0.226a

0.304b

0.282b

  
0.073
0.156
0.109

  
0.198
0.254
0.276a

GH
Basal
Peak
Delta

  
0.287c

0.461c

0.442c

  
0.147
0.182a

0.174a

  
0.255a

0.315b

0.344b

  
0.185
0.278a

0.258a

  
0.201
0.213
0.228

PRL
Basal
Peak
Delta

  
0.312c

0.463c

0.458c

  
0.01
0.11
0.14

  
0.270a

0.415c

0.455c

  
0.212a

0.270a

0.252a

  
0.169
0.282
0.277

LH
Basal
Peak
Delta

  
0.211b

0.330c

0.341c

  
0.069
0.069
0.070

  
0.317b

0.257a

0.226a

  
–0.035
0.061
0.155

  
0.110
0.177
0.062

FSH
Basal
Peak
Delta

  
0.202a

0.354c

0.323c

  
0.042
0.078
0.039

  
0.230a

0.297b

0.246a

  
0.019
0.076
0.196

  
0.250
0.262
0.173

ρ indicates the Spearman’s rank correlation coefficient.					   
Ca (i), ionized calcium; TSH, thyroid-stimulating hormone; FT4, free thyroxine; ACTH, adrenocorticotrophic hormone; GH, growth hormone; PRL, 
prolactin; LH, luteinizing hormone; FSH, follicle-stimulating hormone.					   
aP<0.05; bP<0.005; cP<0.001. 					  
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Fig. 2. Prevalence of electrolyte imbalances in patients with Shee-
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protein cholesterol higher (Table 2).
  In the combined pituitary stimulation tests, no patient react-
ed to growth hormones, while no reactions were observed for 
follicle-stimulating and luteinizing hormones in 74 patients 
(94.9%), prolactin in 74 patients (94.9%), corticotropin in 71 
patients (91.0%), and thyroid-stimulating hormones in 69 pa-
tients (88.5%) (Fig. 1).
  The following electrolyte imbalances were observed in pa-
tients with Sheehan’s syndrome: hyponatremia, 46 patients 
(59.0%); hypokalemia, 21 patients (26.9%); hypocalcemia, 28 
patients (35.9%); hypomagnesemia, 37 patients (47.4%); and 
hypophosphatemia, 18 patients (23.1%) (Fig. 2). The median 
electrolyte levels (interquartile range) in patients with Shee-
han’s syndrome accompanying electrolyte imbalance were 
119.0 mEq/L (113.3 to 130.0) for sodium, 3.2 mEq/L (3.1 to 
3.4) for potassium, 7.7 mg/dL (7.5 to 8.0) for calcium, 2.0 
mEq/L (1.9 to 2.1) for ionized calcium, 1.7 mg/dL (1.5 to 1.8) 
for magnesium, and 1.8 mg/dL (1.2 to 2.0) for phosphate.
  Positive correlations of the serum sodium and ionized calci-
um levels were observed with thyroid-stimulating hormone, 
free thyroxine, corticotropin, cortisol, growth hormone, prolac-
tin, and gonadotropin (Table 3). Serum potassium levels were 
positively correlated with corticotropin, cortisol, and growth 
hormone. Inorganic phosphate levels were positively correlated 
with thyroid-stimulating hormone, growth hormone, and pro-
lactin and serum magnesium levels were positively correlated 
with delta corticotropin and delta cortisol.

DISCUSSION

In this study, serum sodium, potassium, ionized calcium, mag-
nesium, and phosphate levels were significantly lower in Shee-
han’s syndrome patients compared to the controls. In terms of 
electrolyte imbalance, hyponatremia was most commonly ob-
served in Sheehan’s syndrome patients at the time of diagnosis, 
with hypomagnesemia, hypocalcemia, hypokalemia, and hypo-
phosphatemia observed in descending frequency.
  Although the pathophysiology of Sheehan’s syndrome re-
mains unclear, a pituitary gland enlarged due to estrogen dur-
ing pregnancy leads to excessive bleeding during childbirth, 
rendering the pituitary gland sensitive to ischemic change and 
subsequent ischemic necrosis leading to the development of 
Sheehan’s syndrome [1]. Furthermore, autoimmune processes 
involving anti-pituitary or anti-hypothalamus antibodies report-
edly affect the pituitary gland or hypothalamus cells [10]. 
  Postpartum lactation failure and premature menopause are 

frequently observed in cases of Sheehan’s syndrome [5]; most 
patients in this study had postpartum lactation failure, and the 
median age at menopause was 33 years. Other studies have ex-
amined the incidence of anterior pituitary hormone deficiency 
in Sheehan’s syndrome. In a sample of 20 patients, Dokmetas 
et al. [8] observed growth hormone, prolactin, and follicle-
stimulating and luteinizing hormone deficiencies in all patients, 
and thyroid-stimulating hormone and corticotropin deficiencies 
in 18 patients (90%) and 11 (55%), respectively. In a sample of 
18 Sheehan’s syndrome patients, Lee et al. [11] observed blunt-
ed responses to combined pituitary stimulation tests in 15 pa-
tients (83.3%) to growth hormone, 16 patients (88.9%) to corti-
cotropin, 15 patients (83.3%) to thyroid-stimulating hormone, 
and 14 patients to (77.8%) prolactin, and reported that most pa-
tients did not respond to follicle-stimulating or luteinizing hor-
mones. In our study, no patient reacted to growth hormone, 
while reactions were deficient for follicle-stimulating and lu-
teinizing hormones in 94.9%, prolactin in 94.9%, corticotropin 
in 91.0%, and thyroid-stimulating hormone in 88.5% of the pa-
tients. This is probably because growth hormone cells are in 
the anatomical location in the pituitary gland most vulnerable 
to ischemic necrosis [12]. The differences in the incidence of 
anterior pituitary deficiency in various studies is probably due 
to the different times to the diagnosis of Sheehan’s syndrome 
in each study, because pituitary gland necrosis occurs over a 
long period.
  In this study, hyponatremia was the most common electro-
lyte abnormality in Sheehan’s syndrome. Hyponatremia may 
cause weakness, nausea, and vomiting, and it can even result in 
altered consciousness or death [13]. Dokmetas et al. [8] ob-
served hyponatremia in 35% of patients with Sheehan’s syn-
drome, while Sert et al. [14] reported hyponatremia in 32% of 
patients with the condition. Hyponatremia can be caused by in-
appropriate antidiuretic hormone secretions in a normal blood 
volume [13]; in our study, serum sodium levels were signifi-
cantly positively correlated with thyroid and thyroid-stimulat-
ing hormones and corticotropin and cortisol. This finding sug-
gests that thyroid hormone and cortisol reductions are related 
to serum sodium reductions in patients with Sheehan’s syn-
drome. Moreover, serum sodium levels were significantly posi-
tively correlated with growth hormone, prolactin, follicle-stim-
ulating, and luteinizing hormone levels in our study. Growth 
hormone directly increases sodium reabsorption in the renal tu-
bules and is involved in sodium uptake via the renin-angioten-
sin-aldosterone system [15,16]. Greenlee et al. [17] discovered 
that prolactin promotes sodium transport in renal epithelial 
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cells, suggesting that prolactin also affects sodium and fluid 
balances. Estrogen has been reported to affect arginine vaso-
pressin secretion and promote sodium retention [18]. Although 
we cannot demonstrate a causal relationship between anterior 
pituitary hormones and serum sodium levels in this study, there 
are signs that, in addition to thyroid and thyroid-stimulating 
hormones and corticotropin and cortisol, anterior pituitary hor-
mones and their target hormones may be associated with serum 
sodium levels directly or indirectly. Prolactin receptors play an 
important role in calcium homeostasis and bone formation [19], 
and thyroid hormones act directly on bone cells to increase the 
liquidity of bone minerals and are associated with urinary ex-
cretions of calcium [20]. Additionally, growth hormone reduces 
urinary potassium excretions [16]. Furthermore, Beshyah et al. 
[21] reported increases in serum calcium in hypopituitarism 
patients after 6 months of growth hormone treatments. Al-
though various electrolyte imbalances have been predicted in 
Sheehan’s syndrome patients with anterior pituitary hormone 
deficiencies, little is known about the electrolyte imbalances 
other than the relevance of serum sodium levels. In our study, 
in addition to low serum sodium levels, patients with Sheehan’s 
syndrome had significantly lower serum potassium, ionized 
calcium, magnesium, and phosphate levels compared to the 
controls, and these electrolyte deficiencies were each observed 
in more than 20% of the patients. Nunoda et al. [22] reported 
that hypomagnesemia improved after cortisone treatments 
where it accompanied Sheehan’s syndrome, and observed sig-
nificant correlations between serum magnesium levels and del-
ta adrenocorticotropic hormone and cortisol levels. Significant 
positive correlations were also observed between the serum 
ionized calcium levels and all anterior pituitary hormones; be-
tween serum potassium levels and adrenocorticotropic hor-
mone, cortisol, and growth hormone levels; and between serum 
phosphate levels and thyroid-stimulating hormone, growth 
hormone, and prolactin levels. Together, these findings and 
those of previous studies suggest that the electrolyte imbalanc-
es observed in Sheehan’s syndrome patients are related to ante-
rior pituitary hormone deficiencies. Additional research is 
needed to elucidate a direct relationship or mechanism between 
anterior pituitary hormones and electrolyte levels in patients 
with Sheehan’s syndrome.
  In conclusion, various electrolyte imbalances can be ob-
served in Sheehan’s syndrome. Considering the slow onset of 
the condition, which is still diagnosed clinically, Sheehan’s 
syndrome must be considered a possible cause of electrolyte 
imbalance.
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