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Rare coexistence of disease or pathology

Central diabetes insipidus (CDI) is a rare disorder characterized by large volumes of dilute urine because of a
lack of antidiuretic hormone. Co-existing CDI and diabetes mellitus without inherited disorders such as Wolfram
syndrome are rare. It is both important and challenging to diagnose this combination because the 2 conditions
present with thirst, polydipsia, and polyuria. A few cases of CDI developing in patients with type 2 diabetes
mellitus (T2D) have been reported. We report an unusual case of CDI that developed in an older patient with
T2D. The aims of this report are to share the clinical course and discuss clues to the early diagnosis of CDI in
T2D.

A 70-year-old Japanese woman developed T2D with hyperglycemia symptoms, including thirst, polydipsia, and
polyuria. After starting medical treatment, the hyperglycemia and its symptoms improved. The glycated he-
moglobin level decreased from 9% to 6%. However, 5 years later (at 75 years of age), she re-exhibited thirst,
polydipsia, and polyuria despite stable glycemic control. Her urine volume was large (6.3 L/day). A urine glu-
cose test was negative. The plasma osmolality was high (321 mOsm/kg), while the urinary osmolality was low
(125 mOsm/kg). A significant increase in urinary osmolality following vasopressin administration indicated a
diagnosis of CDI. Desmopressin therapy effectively relieved the symptoms.

This case highlights the need to consider CDI as a rare but important comorbid disorder in patients with dia-
betes mellitus, including T2D, particularly those presenting with thirst, polydipsia, and polyuria despite well-
controlled glycemia.

Central Diabetes Insipidus ¢ Desmopressin ¢ Polyuria ¢ Type 2 Diabetes Mellitus
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Background

Central diabetes insipidus (CDI) is a rare endocrine disorder
characterized by a large volume of dilute urine because of a
lack of the posterior pituitary hormone arginine vasopressin
(AVP), also known as antidiuretic hormone [1-3]. Treatment
goals for CDI are correcting and stabilizing the water deficit
and electrolyte balance, together with reducing the excessive
urination and thirst. The synthetic AVP analogue desmopres-
sin is the treatment of choice.

Diabetes mellitus is a metabolic disease characterized by
chronic hyperglycemia due to insufficient insulin action [4,5].
Diabetes mellitus can be classified based on the underlying
etiology. Type 2 diabetes mellitus (T2D) is the most common
form, characterized by a relative (rather than absolute) insu-
lin deficiency and decreased insulin sensitivity.

It is both important and challenging to diagnose co-existing CDI
and diabetes mellitus because the 2 conditions present with
similar symptoms including thirst, polydipsia, and polyuria [1-4].

There are many reported cases of co-existing CDI and diabetes
mellitus in patients with Wolfram syndrome, a rare autosomal
recessive neurodegenerative disorder characterized by CDI, ju-
venile-onset diabetes mellitus, optic nerve atrophy, and sensori-
neural deafness [6]. The co-existence of CDI and diabetes melli-
tus without inherited disorders [6,7] is rare. Co-existing CDI and
type 1 diabetes mellitus have been reported in patients with
polyglandular autoimmune syndrome [8]. Although the etiologi-
cal links remain unclear, several cases of CDI with T2D [9-14] or
diabetes mellitus of other etiologies [15-18] have been reported.

Although it is important to know the clinical characteristics
of CDI that develops in patients being treated for T2D, as the
number of patients with T2D has been increasing [19], only a
few cases have been reported [10,11]. Here, we report the un-
usual case of an older patient with T2D who developed CDI.
The aims of this report are to share the clinical course and dis-
cuss clues to the early diagnosis of CDI in T2D.

Case Report

A 70-year-old Japanese woman visited a primary care doctor
due to a 2-month history of thirst, polydipsia, pollakisuria, and
polyuria. Her family history included paternal T2D. No family
member suffered from deafness, visual loss, diabetes insip-
idus, or any renal tract or neurological abnormality. The pa-
tient had never smoked cigarettes and did not drink alcohol.
She had no history of a brain tumor, cerebrovascular disease,
brain surgery, or radiation therapy. Her body weight had been
approximately 46 kg in her 20s but gradually increased to 51
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kg when she was 70 years old; she then developed thirst, poly-
dipsia, pollakisuria, and polyuria. Two months later, she visit-
ed a primary care doctor, who noted a 3-kg body weight loss
and hyperglycemia with a high glycated hemoglobin (HbA1c)
level (9.0%). The patient was diagnosed with T2D accompa-
nied by mild dyslipidemia and hypertension and was started
on diet therapy, oral hypoglycemic agents [sitagliptin (50 mg/
day) and metformin (500 mg/day)], and the antihypertensive
agent amlodipine (2.5 mg/day). Her hyperglycemia improved
gradually, and the thirst, polydipsia, pollakisuria, and polyuria
resolved. Her HbA1c level decreased to around 6%.

The patient subsequently developed thirst, polydipsia, pollaki-
suria, and polyuria at 75 years of age, without any prodrome
such as headache or head trauma, and she visited her prima-
ry doctor. A blood test revealed fasting plasma glucose and
HbA1c levels of 105 mg/dL and 6.7%, respectively; a urine glu-
cose test was negative. She was first thought to have a blad-
der problem, and oral solifenacin succinate (5 mg/day) was
commenced. However, her symptoms persisted, and she was
referred to our hospital and admitted.

On physical examination, she was 150 cm tall, weighed 43 kg
(body mass index, 19.1 kg/m?), and her body temperature was
36.7°C, blood pressure 140/63 mmHg, and pulse rate 69 beats
per minute. Her daily urine volume was large (6.3 L/day). Her
mouth was dry. No heart murmurs, chest rales, or peripheral
edema were detected.

Laboratory tests (Table 1) revealed high serum sodium (158
mEq/L) and chloride (121 mEg/L) levels, high plasma osmolal-
ity (Posm; 321 mOsm/kg), and low urinary osmolality (Uosm;
125 mOsm/kg). The plasma AVP level was relatively low (0.6
pg/mL) [20]. These results suggested hypertonic dehydration
and hypotonic polyuria because of inability of the kidneys to
conserve body water and concentrate urine. We considered
diabetes insipidus.

Because the patient had severe plasma hyperosmolality, we
did not perform the water deprivation test or hypertonic saline
test [2,3,21]. Instead, we performed the vasopressin adminis-
tration test, which revealed a drastic rise in Uosm from 73 to
509 mOsm/kg, along with a reduced urine volume from 140
to 15 mL/30 min, within 2 hours after intravenous vasopres-
sin (5 units) administration (Table 2). The significant increase
in Uosm by up to 100% ruled out nephrogenic diabetes insip-
idus and indicated a diagnosis of CDI [2,3,21].

Magnetic resonance imaging (MRI) detected no morphological
abnormalities in the brain including the hypothalamus, hypoph-
yseal stalk, or pituitary gland. However, the high signal inten-
sity of the posterior pituitary on T1-weighted images was ab-
sent. These results were consistent with idiopathic CDI [2,3,22].
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Table 1. Laboratory test results.

Hematology
"""" Redblood cells a0 (386492
"""" Hemoglobn  127g4 (116148
"""" Hematocit  399% (351444
"""" White blood cells ~ saom (330086000
"""" Platelets ~ 29esdovL (158348
CBlood chemistry
"""" Ureanittogen ~ 9Jmgd (802000
"""" urcagcd  aymg& (655
"""" Creatnine ~ oSemgdl (046079
"""" Sediuom  158mEqL  (35147)
"""" Potassum  3omEgL (3548
"""" Chloride ~ 12imEgt (98108
"""" Triglycerides  172mgd  (s0-149)
"""" Total cholesterol ~ 230mg@ (150219
"""" Fasting plasma glucose ~~ 1l4mgdl (70139
"""" Glycated hemoglobin 6% (4662
"""" Immunoreactive insuln ~~~~ 34pum. (2124
"""" C-peptide immunoreactivity ~ 18ngmL (825
"""" Plasmaosmolalty =~ 315mOsmkg  (7529)
"""" Arginine vasopressin ~~~~ O6pgmL (@8
"""" Thyroid-stimulating hormone ~ 379uUmL (050500
"""" Free thyroxine ~ Llllngd (090170
Curinalysis
"""" Specficgravity 1002 (10051030
"""" pH s @s15
"""" Glucose ~ Negative
"""" Protin  Negative
"""" Occultblood ~ Negative
CUrinechemistry
"""" Urinary osmolalty ~ 67mosmkg (013000
"""" Urinary sodium  24mEqL (8285
"""" Urinary abumin ~~ 8omg/gre (300

The reference range for each parameter is in parentheses.

Table 2. Vasopressin administration test results.

Urinary osmolality (mOsm/kg) 73 95 112 336 509
Urine volume (mL/30 min) 140 50 25 40 15
Plasma osmolality (mOsm/kg) 313 313 314 313 312

Vasopressin (5 units) was administered intravenously.
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Figure 1. Serial changes in urine volume during hospitalization, before and after treating central diabetes insipidus with the
synthetic arginine vasopressin analogue desmopressin. Oral desmopressin was started at 60 pg/day on day 4 of admission.
As the dose was titrated up gradually, the daily urine volume decreased. After the dose was increased to 300 pg/day, the

urine volume decreased to around 1 L/day.

The patient was started on oral desmopressin at 60 pg/day
to treat CDI on day 4 of admission. The dose was titrated up
gradually on the basis of her polyuria, thirst, and electrolyte
imbalance.

Dynamic tests for anterior pituitary hormone secretion re-
vealed no anterior pituitary dysfunction.

To investigate possible co-existing autoimmune disorders [23],
serum autoantibodies against different organs were examined,
and the patient tested positive for thyroglobulin autoantibody
(94.0 IU/mL; reference range, <28.0 IU/mL). Neck ultrasonog-
raphy revealed coarse, low echogenicity in a normal-sized thy-
roid gland, suggesting Hashimoto thyroiditis [24]. Because the
patient had normal serum thyroid-stimulating hormone (3.79
plU/mL) and free thyroxine (1.11 ng/dL) levels (Table 1), thy-
roid hormone replacement therapy was not indicated.

Regarding the patient’s diabetes mellitus, her fasting plas-
ma glucose was 114 mg/dL and HbA1c level 6.6% (Table 1).
Her serum immunoreactive insulin level was 3.4 uU/mL and
C-peptide immunoreactivity 1.8 ng/mL. Tests for pancreatic
islet autoantibodies, such as glutamic acid decarboxylase au-
toantibody, insulinoma-associated antigen-2 antibody, insulin
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antibody, islet cell antibody, and zinc transporter 8 antibody,
were negative. These findings were consistent with a diagno-
sis of T2D with a relatively preserved endogenous insulin se-
cretion capacity. Funduscopy detected no diabetic retinopathy.
The patient had no numbness in her hands or feet and had
normal Achilles tendon reflexes.

Upon treatment of the CDI, after the desmopressin was in-
creased to 300 pg/day, the urine volume decreased to around
1 L/day (Figure 1). Her thirst, polydipsia, pollakisuria, and poly-
uria resolved. The serum sodium and chloride levels, Posm, and
Uosm also normalized. The patient was instructed to continue
desmopressin therapy, was given information about an adequate
daily water intake, and was discharged on day 28 of admission.

The patient’s subsequent clinical course has been uneventful
for more than 3 years.

Discussion

The clinical features of diabetes mellitus in our patient, such
as islet autoantibody negativity, relatively preserved endoge-
nous insulin secretion capacity, comorbid hypertension, and
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Table 3. Summary of reported cases of central diabetes insipidus (CDI) that developed in patients with treated type 2 diabetes mellitus

(T2D).

glucose
(mg/dL)

Plasma

Diabetic  Medication for

retinopathy T2D Symptoms

Age Duration of HbA1c
(years) T2D (years) (%)
[10] 48 F 2 N.D
Cpy 6  F 10 107
Present case 75 F 5 6.6
wlume  specic  Uom  Posm
(L/day) it (mOsm/kg) (mOsm/kg)
[10] 9.7 1.005 106 291
py s 1008 138 285
Present case 6.3 1.002 67 315

Thirst, polydipsia,

N.D. N.D. Insulin .
polyuria
351 N.D. Insulin Polydipsia, polyuria
114 Negative OHAs Thirst, polydipsia,
polyuria
Anterior Mor!)h?loglcal
ituitary pituitary Treatment Other
P s abnormality on for CDI findings
dysfunction
MRI
Negative None Nasal DDAVP Bronchial
asthma
Negative None DDAVP None
Chronic
Negative None Oral DDAVP  autoimmune
thyroiditis

HbA1lc - glycated hemoglobin; MRI — magnetic resonance imaging; N.D. — not determined; OHA — oral hypoglycemic agent;

Posm — plasma osmolality; Uosm — urinary osmolality.

dyslipidemia, and a family history of T2D supported the diag-
nosis of T2D [4,5]. Medical treatment with diet therapy and
oral hypoglycemic agents controlled the hyperglycemia and its
symptoms, and no chronic diabetic complications such as dia-
betic retinopathy occurred. However, 5 years after the T2D de-
veloped, the patient developed thirst, polydipsia, and polyuria,
and was diagnosed with CDI. This case highlights the need for
physicians to be aware of CDI as a rare but important comor-
bid disorder in patients with diabetes mellitus, including T2D,
especially in those who present with thirst, polydipsia, and
polyuria despite well-controlled glycemia.

Reported cases of co-existing CDI and T2D show different on-
set patterns at various ages. A 56-year-old man had simulta-
neous CDI and T2D with no abnormal brain MRI findings [12].
An obese 16-year-old boy developed T2D associated with non-
ketotic severe hyperglycemia 2 months after undergoing brain
surgery for craniopharyngioma and developing hypopituitarism
with CDI [13]. An obese 41-year-old man with a 5-year history
of treated CDI developed T2D associated with hyperosmolar
diabetic coma and was also diagnosed with Klinefelter syn-
drome [9]. There have also been a few reports of CDI that de-
veloped in patients being treated for T2D [10,11], as in our case.

Table 3 summarizes the characteristics of reported CDI cas-
es that developed in patients with treated T2D. In a case of
poorly controlled hyperglycemia, CDI was suspected due to
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worsening polyuria and a low urine specific gravity despite the
presence of significant glucosuria, 10 years after the diagnosis
of T2D [11]. In another case, in a patient with a 2-year dura-
tion of T2D, CDI was suspected because of recurring polyuria
6 weeks after correcting the hyperglycemia with insulin ther-
apy [10]. Our patient initially developed T2D presenting with
thirst, polydipsia, and polyuria. Medical treatment controlled
the hyperglycemia and its symptoms. However, 5 years later,
she re-exhibited thirst, polydipsia, and polyuria despite well-
controlled glycemia and was diagnosed with CDI. Thus, regu-
lar good glycemic control not only relieved the hyperglycemic
symptoms but also helped us to detect CDI early.

CDI, a deficiency of AVP, may be inherited or acquired [2,3,21].
Hereditary CDI is caused by mutations in the gene encoding
AVP, and symptoms develop gradually at various ages during
childhood [25]. Acquired CDI has many causes, such as trau-
matic brain injury, brain surgery, pituitary and hypothalamic
tumors, and inflammatory, infiltrative, autoimmune, and vas-
cular diseases [2,3,21,26]. However, many acquired cases are
idiopathic with no identifiable cause [2]; in these idiopathic
cases, autoimmunity may be an etiology [3], especially when
other organ-specific autoimmune disorders are present [21,23].
In the present case, because the patient had a negative fam-
ily history for CDI and developed CDI at an advanced age, her
CDI was likely to have been acquired. No morphological ab-
normality in the intra- or suprasellar regions was detected on
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MRI, while she exhibited an autoimmune thyroid disease [24].
These findings suggested autoimmunity as a possible etiolo-
gy for her idiopathic CDI.

The pathogenesis of T2D is also heterogeneous and involves
many factors, including genetic and environmental ones, such as
overeating, lack of physical activity, and resultant obesity [4,5].
Unlike type 1 diabetes mellitus, T2D is not typically associat-
ed with pancreatic autoimmunity. These findings suggest that
there was no etiological link between our patient’s CDI and T2D.

Conclusions

We describe an older patient with a 5-year history of well-
treated T2D who developed thirst, polydipsia, and polyuria and
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was diagnosed with CDI. Desmopressin therapy effectively re-
lieved the symptoms. Physicians should be aware of CDI as a
rare but important comorbid disorder in patients with diabetes
mellitus, including T2D, especially in those who present with
thirst, polydipsia, and polyuria despite well-controlled glycemia.
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