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Abstract

A 41-year-old woman with non-alcoholic fatty liver disease and 
complex endometrial hyperplasia with atypia was admitted to our 
hospital to undergo hysterectomy. Her weight was 107 kg, having 
doubled after delivery of her second child. After a routine hyster-
ectomy, unexpected polyuria was observed. Investigation revealed 
a relatively low plasma vasopressin concentration, and absence of 
hyperintense signals in the region of the posterior lobe of the pitu-
itary gland on T1-weighted magnetic resonance imaging, suggest-
ing partial central diabetes insipidus. It was concluded that exces-
sive intake of sweetened carbonated beverages due to thirst caused 
by diabetes insipidus had contributed to her obesity.
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Introduction

Central diabetes insipidus (CDI) is caused by a decreased 
arginine vasopressin level, and is characterized by polyuria 
and polydipsia. This condition occurs equally in both sexes 
and affects all age groups, with the most frequent age of on-
set being between 10 and 20 years [1]. Patients are classified 
as having partial CDI or complete CDI based on the findings 
of a water deprivation test [2]. Complete CDI is less com-
mon than partial CDI [1]. In partial CDI, moderately exces-
sive diuresis may be the only symptom, and plasma osmo-

larity usually only slightly exceeds 290 mOsm/kg (normal 
range: 280 - 295 mOsm/kg) [3].

CDI may result from any condition that impairs the syn-
thesis, transport or release of arginine vasopressin. Known 
causes of secondary CDI include tumors, infections, trauma, 
and other conditions such as histiocytosis and vascular le-
sions [1, 2]. Idiopathic CDI is caused by selective hypo-
function of the hypothalamic-neurohypophysial system, and 
accounts for 20-50% of all cases of CDI [4]. Patients often 
experience weight loss induced by excessive loss of free wa-
ter [5].

Here, we describe a rare case of weight gain associated 
with partial CDI that was initially misdiagnosed as simple 
obesity. Observation of polyuria and hypernatremia after 
gynecologic surgery provided an opportunity to make the 
correct diagnosis. A detailed medical history revealed that 
excessive intake of sweetened carbonated beverages due to 
thirst caused by CDI may have contributed to her marked 
weight gain.

 
Case Report

A 41-year-old woman was admitted to the Department of 
Obstetrics and Gynecology at our hospital to undergo hys-
terectomy for complex endometrial hyperplasia with atypia. 
She had been diagnosed with simple endometrial hyperplasia 
2 years previously, and surgical treatment was recommended 
because of progression of cellular atypia and endometrial 
thickening. Prior to surgery, she underwent medical review 
to evaluate the risks of general anesthesia in the presence of 
her impaired liver function.

When she first visited our department, she reported no 
thirst, polyuria or polydipsia. She had no other significant 
medical history or family history, was not taking any medi-
cations and denied alcohol intake. Her height was 153 cm 
and weight was 107 kg. Her body mass index was 45.7 kg/
m2, indicating severe obesity. Her weight had been 58 kg 
at the time of the birth of her second child at age 35, and 
had increased by about 10 kg per year since then. Previous 
testing at another general hospital had shown normal plasma 
concentrations of thyroid and adrenocortical hormones. Her 
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menstrual cycle had been irregular over the previous 2 years.
Physical examination revealed blood pressure 120/70 

mmHg, pulse rate 85 beats/min, temperature 36.4 °C and ox-
ygen saturation on room air 99%. She was alert and oriented. 
Her skin turgor was almost normal and she did not have a dry 
mouth. Her abdomen was obese and soft, with normal bowel 
sounds, no tenderness and no striae. Electrocardiography and 
chest X-ray showed no significant abnormalities. Laboratory 
testing 1 week before admission showed liver dysfunction 

and dyslipidemia, but no other abnormalities (Table 1). Her 
abnormal laboratory data were as follows: serum aspartate 
aminotransferase 49 IU/L (normal range: 10 - 38 IU/L), ala-
nine aminotransferase 57 IU/L (normal range: 0 - 35 IU/L), 
γ-glutamyl transpeptidase 73 IU/L (normal range: 0 - 55 
IU/L), alkaline phosphatase 321 IU/L (normal range: 105 - 
320 IU/L) and low density lipoprotein-cholesterol 168 mg/
dL (normal range: 70 - 139 mg/dL). Blood gas analysis on 
room air was normal. Urine analysis was normal, with a spe-

Table 1. Laboratory Test Results at 1 Week Before Admission 

Hematology
   WBC 5,600/mm3

   RBC 528 × 104/mm3

   Hemoglobin 14.2 g/dL
   Hematocrit 44.9%
   Platelet 16.3 × 104/mm3

Blood Coagulation Test
   International Normalized Ratio of Prothrombin Time 1.05

Blood Chemistry
   Total Protein 7.7 g/dL
   Albumin 4.1 g/dL
   AST* 49 IU/L
   ALT* 57 IU/L
   LDH 223 IU/L
   ALP* 321 IU/L
     gGTP* 73 IU/L
   Total Birirubin 0.6 mg/dL
   CPK 48 IU/L
   BUN 5.8 mg/dL
   Cre 0.52 mg/dL
   Na 141 mEq/L
   K 4.4 mEq/L
   Cl 96 mEq/L
   CRP 0.03 mg/dL
   LDL-Cholesterol* 168 mg/dL
   HDL-Cholesterol 54 mg/dL
   Triglyceride 138 mg/dL
   FBS 98 mg/dL
   HbA1c 5.2%

Serology
   HBsAg negative
   HCV-Ab negative
   Anti-nuclear Antibody < 40
   Anti-mitochondrial M2 Antibody < 6.7 U/mL
   IgG 1,890 mg/dL
   IgM 168 mg/dL
   IgA 250 mg/dL

*These values are outside the normal range.
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cific gravity of 1.012. Abdominal ultrasonography showed a 
normal-sized liver with poorly defined margins and a diffuse 
increase in echogenicity, consistent with fatty liver. No asci-
tes was observed. It was concluded that her abnormal liver 
function test results were due to non-alcoholic fatty liver 
disease, and that general anesthesia was not contraindicated.

During the first 24 h after hospitalization, her oral water 
intake was 3,200 mL and her urine output was 2,520 mL. 
She did not receive intravenous fluids during that time. On 
the day after admission, she underwent simple hysterectomy 
under general anesthesia with no complications. On the day 
of surgery, she received 3,200 mL of intravenous fluid and 
lost 520 mL of blood, and her urine output was 2,570 mL. No 
corticosteroids were administered during the perioperative 
period. No neoplasia was detected in the surgically resected 
specimen.

The next day after surgery, she received 3,200 mL of 
intravenous fluid and her urine output increased dramatically 
to 7,800 mL. Although oral food or water intake was permit-
ted in the morning on that day, she complained of severe 
thirst and a compelling urge to drink water. Her plasma so-
dium concentration was high at 157 mEq/L. Although her 
urine osmolarity was < 180 mOsm/kg, her plasma osmolar-
ity was high at 322 mOsm/kg. In spite of her hypernatremia, 
her urinary sodium excretion was only 22 mEq/day. Urine 
analysis showed a low specific gravity of 1.005 and no sedi-
ment. Her serum creatinine concentration was 1.17 mg/dL 
and her creatinine clearance rate was 51 mL/min. Her arte-
rial blood pH remained normal, her serum potassium con-
centration was 3.9 mEq/L, and serum calcium concentration 
was 9.8 mg/dL, indicating that she was unlikely to be in the 

polyuric phase of acute tubular necrosis or to be develop-
ing secondary nephrogenic diabetes insipidus due to hypo-
kalemia or hypercalcemia. Her basal concentrations of an-
terior pituitary hormones were largely within normal limits 
(Table 2). Her elevated plasma concentrations of aldosterone 
and renin were thought to be a response to volume deple-
tion. However, her plasma arginine vasopressin concentra-
tion measured by radioimmunoassay was relatively low (0.9 
pg/mL) considering her high plasma osmolarity. Testing 
for antipituitary, antithyroid and antinuclear antibodies was 
negative. T1-weighted magnetic resonance imaging of the 
pituitary gland showed absence of hyperintense signals and 
no enlargement of the neurohypophysis or thickening of the 
pituitary stalk (Fig. 1). She underwent a vasopressin test, and 
her urinary osmolarity increased to 512 mOsm/kg at 120 min 
after administration of 5 units of arginine vasopressin (Table 
3). She was diagnosed with CDI, and was treated with 10 μg 
of intranasal 1-desamino-8-arginine vasopressin (DDAVP) 
daily. Over the following week, her serum sodium concen-
tration gradually decreased to 140 mEq/L and her urine out-
put decreased to < 2,500 mL/day. According to the Japanese 
guidelines for definitive diagnosis of CDI, administration 
of DDAVP was temporarily suspended, she was allowed 
free oral water intake, and a 5% hypertonic saline infusion 
test (0.05 mL/kg/min for 120 minutes) was performed. Her 
plasma arginine vasopressin concentration did not increase 
after the hypertonic saline infusion (Fig. 2), whereas her 
plasma osmolarity gradually increased. Both the results of 
the vasopressin test and the hypertonic saline infusion test 
met the criteria for CDI, but her 24-h urine output on the day 
of admission (< 3,000 mL) and her urine specific gravity (> 
1.010) did not meet the criteria. We therefore made a diag-
nosis of partial CDI.

Further questioning revealed that the patient had first 
noticed polyuria and extreme thirst during the last trimes-
ter of her second pregnancy. Her water intake had gradually 
increased from 2,500 mL/day to 3,500 mL/day over a few 
months. During this time she had started to drink large vol-
umes of sweetened carbonated beverages and juice. Over the 
following 5 years she had gained 50 kg. It was therefore pos-
sible that the excessive consumption of these beverages due 

Table 2. Plasma Hormone Concentrations on the First 
Postoperative Day 

Measured Value Normal Range

GH 1.02 ng/mL 0.28 - 1.64
PRL 9.57 ng/mL 6.12 - 30.54
ACTH 15.8 pg/mL 7.2 - 63.3
Cortisol 20.5 mg/mL* 4.0 - 18.3
TSH 1.24 pg/mL 0.43 - 3.78
Free T3 2.4 pg/mL 2.1 - 4.1
Free T4 1.2 ng/dL 1.0 - 1.7
PRA 3.5 ng/mL/hr* 0.2 - 2.7
Aldosterone 225 pg/mL* 30 -159

ACTH, adrenocorticotropic hormone; AVP, arginine va-
sopressin; GH, growth hormone; PRA, plasma renin ac-
tivity; PRL, prolactin; TSH, thyroid-stimulating hormone. 
* These values are outside the normal range.

Table 3. Results of Vasopressin Test 

Plasma 
Osmorality*

Urinary 
Osmorality*

Pre-administration 286 165
2 hour after AVP 
Administration

284 512

AVP, arginine vasopressin. *Units: mOsm/kg.
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to the thirst caused by diabetes insipidus contributed to her 
obesity. Dietary therapy with caloric restriction initially re-
sulted in a 5 kg weight loss over 2 months. Her DDAVP was 
reduced to 5 μg/day after 6 months. A year after discharge, 
she weighed 95 kg.

Discussion

CDI is a rare condition with an estimated prevalence of 3 
per 100,000 persons [6]. We presume that our patient de-
veloped diabetes insipidus 6 years before diagnosis, during 

her second pregnancy. Soul et al [7] classified patients with 
transient diabetes insipidus during pregnancy into four ma-
jor subgroups: (1) those with hepatic dysfunction such as 
acute fatty liver, which suppresses degradation of vasopres-
sinase, resulting in a marked decrease in plasma arginine va-
sopressin concentration; (2) those with panhypopituitarism 
as a complication of obstetric shock, including Sheehan’s 
syndrome; (3) those with subclinical neurogenic diabetes 
insipidus and various degrees of pre-existing vasopressin 
deficiency; and (4) those with nephrogenic diabetes insipi-
dus with concomitant resistance to arginine vasopressin. Our 
patient had not experienced severe liver dysfunction or ob-
stetric shock associated with her second pregnancy, and her 
polyuria and polydipsia persisted after delivery. She also did 
not have a family history of diabetes insipidus, or significant 
abnormalities on magnetic resonance imaging. We therefore 
made a diagnosis of idiopathic CDI.

Undiagnosed CDI often causes a medical emergency 
due to severe hyperosomolarity and dehydration when fluid 
intake does not match obligate losses [8]. In the present case, 
we first noticed polyuria and hypernatremia postoperatively. 
Limitation of free oral water intake was probably the most 
significant cause of the intensification of her symptoms. 
Increased secretion of adrenocorticotropic hormone and 
corticosteroids induced by surgical stress might also have 
intensified her symptoms, because adrenocorticotropic hor-
mone suppresses arginine vasopressin secretion [9] and an 
increased cortisol level causes sodium retention. Laboratory 
testing revealed a mild increase in plasma corticosteroid 
concentration, which may have contributed to her increased 
urine output. The possibility of potent adrenocortical insuf-
ficiency should also be considered because of her relatively 
low serum sodium concentration (139 mEq/L) and urine 

Figure 1. Pituitary T1-weighted magnetic resonance images of our pa-
tient (A) and a healthy young woman (B). In the young healthy woman, 
there is a hyperintense signal in the region of the posterior lobe of the 
pituitary gland (white arrow); this was absent in our patient. There was 
no thickening of the pituitary stalk or abnormality of the anterior lobe of 
the pituitary gland.

Figure 2. Hypertonic saline infusion test. The patient 
was given an intravenous infusion of 5% saline solu-
tion at 0.05 mL/kg/min for 120 min. Her arginine vaso-
pressin (AVP) level remained low (●). The dotted lines 
indicate the normal range of arginine vasopressin 
concentration according to plasma osmolarity.
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output (2,500 mL/day) during the preoperative period. Al-
though no pituitary gland pathology was detected in this 
case, past studies have reported that lymphocytic infiltration 
of the neurohypophysis is associated with CDI, and lympho-
cytic infiltration of the adenohypophysis is associated with 
hypopituitarism [10, 11]. Lymphocytic adenohypophysitis 
occurs exclusively in young women during pregnancy [11], 
and causes preferential impairment of cells secreting adre-
nocorticotropic hormone and thyroid stimulating hormone 
[11]. It was previously considered that lymphocytic adeno-
hypophysitis spared the neurohypophysis [12], but a review 
article reported that some patients with lymphocytic adeno-
hypophysitis develop CDI [13]. Idiopathic adrenalitis may 
also occur in patients with lymphocytic adenohypophysitis 
[13]. We therefore suggested corticotropin-releasing hor-
mone and adrenocorticotropic hormone tests, but the patient 
refused consent. Although she has shown no obvious signs 
of adrenocortical insufficiency since her discharge, careful 
follow-up is considered important.

In management of the present case, the most significant 
problem was that we did not diagnose CDI at the time of first 
contact. The main reason for this was the lack of a detailed 
medical history. Patients with CDI may not notice the onset 
of diabetes insipidus until urine output exceeds 4,000 mL/
day [8]. Patients with an adequate thirst mechanism and free 
access to water may not develop dehydration or hypernatre-
mia [5, 14]. However, the polydipsia and polyuria associ-
ated with CDI may be so disruptive to daily activities and 
sleep that patients seek medical attention [5]. Our patient 
had experienced interruption of sleep several times per night 
due to her polyuria for 6 years. The frequency of nocturnal 
awakening helps to determine the optimal DDAVP dose [5]. 
It is therefore important to obtain a careful history of sleep 
disturbances when evaluating patients with polyuria of un-
known origin. It is also important to discriminate between 
solute diuresis and water diuresis [15]. For a rapid diagnosis 
of CDI, both elevated serum osmolarity due to an increased 
serum sodium concentration and inappropriately low urine 
osmolarity due to water diuresis are necessary [8]. Measure-
ment of plasma arginine vasopressin concentration confirms 
the diagnosis, but is not available on an emergency basis [5].

In conclusion, we present a patient with weight gain 
associated with CDI that had been misdiagnosed as simple 
obesity. Observation of polyuria after gynecologic surgery 
provided an opportunity to diagnose CDI, and subsequent-
ly treat both her diabetes insipidus and obesity. Clinicians 
should be alert to the possibility of diabetes insipidus being 
masked by seemingly unrelated complications.
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