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Lithium Use: Consider Central Causes Despite 
Nephrogenic as the Most Common
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 Patient: Female, 31-year-old
 Final Diagnosis: Central diabetes insipidus
 Symptoms:	 Polydipsia	•	polyuria
 Medication: —
 Clinical Procedure: —
 Specialty: Endocrinology and Metabolic

 Objective: Unusual clinical course
 Background: Nephrogenic diabetes insipidus is a well-known adverse effect of lithium use. Albeit rare, there have also been 

documented cases of central diabetes insipidus (CDI) associated with lithium use.
 Case Report: A 31-year-old woman with a past medical history of bipolar disorder, managed with lithium 300 mg by mouth 

every day for 3 years, was assessed for a 1-year history of polyuria with accompanying polydipsia. During her 
initial hospital stay, her estimated urine output was more than 4 L per day. Initial labs showed elevated se-
rum sodium (149 mmol/L; reference range 135-145), elevated serum osmolality (304 mOsm/kg; reference 
range 275-295), urine osmolality of 99 mOsm/kg (reference range 50-1200), and urine specific gravity (1.005; 
reference range 1.005-1.030). Lithium was at a subtherapeutic level of 0.05 mEq/L (reference range 0.6-1.2). 
Magnetic resonance imaging of the brain revealed no abnormalities of the pituitary gland. Two different occa-
sions of desmopressin administration resulted in >50% increase in urine osmolality, confirming the diagnosis 
of CDI. Common causes of CDI, including trauma, tumors, and familial CDI, were ruled out and chronic lithium 
use was determined as the most probable cause for the patient’s CDI.

 Conclusions: CDI in the background of chronic lithium use is rarely reported. We present this case to consider CDI as a dif-
ferential diagnosis when evaluating polyuria and hypernatremia in patients with long-term lithium use. These 
presentations warrant the consideration of both types of diabetes insipidus in the differential diagnoses.
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Background

The first-line treatment for bipolar disorder is lithium [1]. Long-
term lithium use has been associated with various adverse ef-
fects, including cerebellar dysfunction, gastrointestinal distress, 
and diabetes insipidus [2]. Nephrogenic diabetes insipidus is 
known to occur in up to 20% to 40% percent of long-term lith-
ium users and is more common than central diabetes insipidus 
(CDI) [3,4]. Central diabetes insipidus due to lithium use, how-
ever, has rarely been reported [5-8]. CDI recently had its name 
changed to “arginine vasopressin deficiency” [9] and is often 
caused by damage to the posterior pituitary gland, impairing 
the secretion of antidiuretic hormone (ADH) [10]. Other recent-
ly learned causes of CDI were from COVID-19 infection or from 
the COVID-19 mRNA vaccine [11,12]. We present the case of 
a patient who presented with onset of CDI in the background 
of long-term lithium use in the treatment of bipolar disorder.

Case Report

A 31-year-old woman with a past medical history of bipolar 
disorder, managed with lithium 300 mg by mouth every day 
for 3 years, presented to the hospital with a 1-year history 
of polyuria with accompanying polydipsia. Following admis-
sion and initial workup, the patient was also diagnosed with 
Guillain-Barre syndrome (GBS) with onset of weakness symp-
toms within the previous week; it was determined that her 
GBS and polyuria were separate, unrelated diagnoses. During 
her initial hospital stay, her estimated urine output was more 
than 4 L per day, indicating polyuria. The patient was not on 
any angiotensin-converting enzyme (ACE) inhibitors, nonste-
roidal anti-inflammatory drugs (NSAIDs), or thiazide or loop 
diuretics that can cause lithium toxicity [13]. Her past med-
ical history was significant for hemorrhoids and her family 
history was unremarkable. She had markedly decreased oral 
intake for the past 3 months because of fear of hemorrhoid 
pain upon defecation.

On the initial encounter, vital signs were within normal limits 
with blood pressure of 118/63 mmHg, heart rate of 86 beats 
per minute, respiratory rate of 19 breaths per minute, oxygen 
saturation of 97%, and temperature of 36.5°C. Her body mass 
index was 41.2 kg/m2. Physical examination revealed cracked 
lips and dry mucosa.

Initial labs showed elevated serum sodium (149 mmol/L; refer-
ence range 135-145), elevated serum osmolality (304 mOsm/kg; 
reference range 275-295), urine osmolality of 99 mOsm/kg 
(reference range 50-1200), and urine specific gravity (1.005; 
reference range 1.005-1.030). Kidney function was normal 
with creatinine at 0.62 mg/dL (reference range 0.6-1.2) and 
eGFR at 122 mL/min (reference range >90). Lithium was at a 

subtherapeutic level of 0.05 mEq/L (reference range 0.6-1.2). 
Her thyroid stimulating hormone, serum calcium, glucose, and 
liver enzymes were unremarkable. Complete blood count was 
significant for macrocytosis (mean corpuscular volume 118 fL; 
reference range 80-100 fL) and slight anemia (hemoglobin 
11.3 g/dL; reference range 12-16 g/dL), which were attributed 
to her malnutrition. Inflammatory enzymes were slightly ele-
vated with C-reactive protein (CRP) at 0.94 mg/dL (reference 
range <0.50 mg/dL) and erythrocyte sedimentation rate (ESR) 
at 37 mm/h (reference range 0-20), which were attributed to 
her GBS. Magnetic resonance imaging (MRI) of the brain re-
vealed no expansive processes, hypophysitis, loss of signal 
from the posterior pituitary, or otherwise any abnormalities 
of the pituitary gland (Figure 1).

Within a few days of admission, the patient’s sodium increased 
from 149 mmol/L to 151-154 mmol/L. It was then brought down 
to 145 mmol/L via 5% dextrose infusion. However, her sodi-
um levels spiked back up to 149 mmol/L (Figure 2A). A des-
mopressin trial of 4 µg 1-deamino-8-d-arginine vasopressin 
(DDAVP), a synthetic form of desmopressin, was then admin-
istered subcutaneously without the need for water deprivation 
because of her already hypoosmotic urine (<100 mOsm/kg), 
hyperosmotic serum (³295 mOsm/kg), and hypernatremic 
(>145 mmol/L) states. Her beginning urine osmolality was 
74 mOsm/kg and peaked at 254 mOsm/kg within a 2-h time 
period after administration of desmopressin. Her hypernatre-
mia also resolved, dropping from 149 mmol/L to 140 mmol/L 
the next day (Figure 2A). A repeat desmopressin trial (1 µg 
DDAVP subcutaneously) was given after water deprivation a 
week later. Before water deprivation, her urine osmolality was 

Figure 1.  MRI of T1-weighted sagittal view of the brain showing 
normal pituitary gland.
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Figure 2.  (A) Daily measurement of sodium concentration throughout the patient’s hospitalization. On Day 3, an infusion of Dextrose 
5% was given as needed. On Day 8, Desmopressin trial 1 (4 µg DDAVP) was administered subcutaneously (SC), with 
additional doses of desmopressin (DDAVP) administered on an as needed basis. On Day 17, Desmopressin trial 2 (1 µg 
DDAVP) was given after an overnight water deprivation test, with further daily doses given as needed. (B) Daily measurement 
of urine output volume throughout the patient’s hospitalization. As needed DDAVP injections were given: 4 µg on Day 9, 
4 µg on Day 10, 4 µg on Day 14, and 1 µg on Day 18.
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145 mOsm/kg. After water deprivation for 10 h, her urine os-
molality was 194 mOsm/kg. Following administration of des-
mopressin, her urine osmolality increased from 194 mOsm/kg 
to 362 mOsm/kg (Table 1). Copeptin and ADH levels were not 
measured as these assays were not available as in-house tests.

Discussion

The goal of water deprivation in the testing of diabetes insipi-
dus was to achieve maximal ADH secretion, indicated by sodium 
level >145 mmol/L and serum osmolality ³295 mOsm/kg [14]. 
Our patient during the initial trial already met the criteria for 
maximal ADH secretion (sodium 149 mmol/L and serum osmo-
lality 295 mOsm/kg) and did not require further water depriva-
tion before desmopressin administration. Following hypernatre-
mia (>145 mmol/L) and hyperosmolar serum (³295 mOsm/kg) 
levels, along with urine osmolality <300 mOsm/kg, adminis-
tration of 1-4 µg desmopressin that results in >50% increase 
in urine osmolality is diagnostic for CDI; if there is <50% in-
crease in urine osmolality, the result is diagnostic of nephro-
genic DI [15]. Because our patient had an increase in urine 
osmolality by more than 50% (73 mOsm/kg to 254 mOsm/kg 
and 194 mOsm/kg to 362 mOsm/kg) within 2 h after desmo-
pressin trials, her condition was diagnostic for CDI.

Before we went ahead with testing for diabetes insipidus, we 
considered other differentials for her polyuria. Psychogenic 
polydipsia may occur with bipolar disorder, but we ruled this 
out because her sodium level was >135 mmol/L; treatment 
would have been limiting water intake [16]. Hypercalcemia 
may also lead to polyuria, but we ruled that out as her cal-
cium levels were normal; treatment would have been intra-
venous normal saline [17]. After the desmopressin trials, we 
ruled out nephrogenic diabetes insipidus because of a >50% 
increase in urine osmolality after DDAVP administration; treat-
ment would have been amiloride and thiazide diuretics [18].

After we diagnosed her CDI, we first sought out possible causes 
for her CDI as there are very few case reports describing lith-
ium-induced CDI [5-8]. Common causes of CDI include family 
history, craniopharyngiomas, germ cell tumors, trauma, and in-
flammatory pathologies [10]. We ruled out familial CDI because 

inheritance would have been in an autosomal dominant man-
ner, and the patient had no relevant family history. We ruled 
out trauma, tumors, or any other insults to the pituitary gland 
or stalk because TSH levels were normal, and MRI of the pitu-
itary gland and stalk showed no abnormalities (Figure 1). An 
unknown, underlying inflammatory pathology may be a pos-
sible cause for her CDI as her CRP and ESR were slightly ele-
vated, but unlikely as the inflammation in her blood can be 
explained by her diagnosed GBS. Although GBS can be a rare 
trigger for CDI [19], we ruled out GBS as an etiology because 
her development of GBS was within the last month while her 
polyuria developed in the past year. Furthermore, the patient 
endorsed her polyuria had remained the same even after GBS 
diagnosis and treatment, strongly indicating that GBS did not 
contribute to her CDI. CDI due to inflammatory pathologies is 
also often characterized by pituitary stalk thickening on T1-
weighted MRI [20], which was not seen on our patient’s MRI 
(Figure 1). If there were lesions to the posterior pituitary gland 
from tumors, trauma, or inflammatory pathologies, then there 
would have also been a disappearance of a bright signal in 
the posterior pituitary gland on T1-weighted MRI, indicating 
loss of ADH storage [21]. A possible explanation for the visi-
ble bright spot in our patient’s posterior pituitary gland would 
be the inhibition of ADH exocytosis from the gland. Thus, giv-
en the onset of this disease without a better explanation, we 
considered long-term lithium use as the most likely cause for 
our patient’s CDI. As described in Posner and Mokrzychi, their 
patient was on lithium for 3 years and was diagnosed with 
CDI after a water deprivation test, which was similar in pre-
sentation to our patient [5].

The mechanism for lithium-induced nephrogenic diabetes insip-
idus is understood as the downregulation of aquaporin chan-
nels in principal cells from lithium inhibiting cyclic adenosine 
monophosphate (cAMP) formation [22]. The mechanism for 
CDI is understood as either a lack of ADH synthesis in the su-
praoptic nuclei of the hypothalamus or impaired exocytosis 
of ADH from the posterior pituitary gland [23]. Exocytosis of 
vesicles containing ADH relies on the formation of cAMP [24]. 
Because lithium inhibited cAMP formation in the renal tu-
bules, a potential explanation for lithium causing CDI would 
be the selective inhibition of cAMP formation in the poste-
rior pituitary gland, preventing ADH vesicle exocytosis [25]. 

Urine osmolality before desmopressin 
administration

Urine osmolality after desmopressin 
administration

Desmopressin trial 1 74 mOsm/kg 254 mOsm/kg

Desmopressin trial 2 194 mOsm/kg 362 mOsm/kg

Table 1.  Urine osmolality after desmopressin trials. First desmopressin trial resulted in a 343% increase in urine osmolality. Second 
desmopressin trial resulted in a 187% increase in urine osmolality. Increase in urine osmolality by at least 50% after 
desmopressin administration is diagnostic of central diabetes insipidus.
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Current understanding of the interactions between lithium 
and posterior pituitary structures is limited. Despite knowl-
edge about the mechanism of lithium-induced nephrogen-
ic diabetes insipidus, more research is needed to understand 
the relationship between lithium and CDI, as the current lit-
erature only described 4 occurrences of CDI in the presence 
of lithium. Diabetes insipidus affects 1 in 25 000 people [26], 
but the concomitant occurrence of central and nephrogenic 
diabetes insipidus has yet to be revealed.

A limitation of our report is the lack of ADH or copeptin levels 
due to the unavailability of these tests at our hospital. ADH or 
copeptin may be used as another confirmatory test for CDI [14]. 
However, our patient’s more than 50% increase in urine os-
molality after 2 different occasions of DDAVP administration 
was clearly diagnostic for CDI [15]. Another factor to consid-
er was that our patient’s CDI had not been resolved. At the 
time of this report, the patient’s lithium had been discontin-
ued for 3 weeks and was not restarted, but previous reports 
had shown that CDI resolved after lithium was discontinued 
for months [5]. Our patient’s CDI hypernatremia was managed 
well with DDAVP injections given as needed to control her so-
dium levels. We also added 5% dextrose to help control her 
sodium levels as needed; additionally, oral water intake was 
encouraged whenever the patient was thirsty. The patient’s 
sodium was subsequently normalized to 138-146 mmol/L fol-
lowing the above interventions, and urine output decreased 
from >4000 mL/day to 2500-3600 mL/day when desmopressin 
was given (Figure 2B). Prior to discharge, she was switched to 

daily oral DDAVP. During her hospital stay, our patient’s poly-
uria was not a primary concern to manage as she had unlim-
ited access to the urinary catheter.

Conclusions

CDI in the background of chronic lithium use is a rare phe-
nomenon. By obtaining a thorough history, performing a de-
tailed physical examination, and obtaining relevant imaging 
studies, we ruled out other causes of CDI in our patient, thus 
leaving lithium as the most likely explanation. Ultimately, more 
research is needed to truly understand how lithium can cause 
impairment of ADH synthesis or secretion. Despite this, we sug-
gest considering CDI in addition to nephrogenic diabetes in-
sipidus in the investigation of polyuria and hypernatremia in 
patients who present with long-term lithium use.
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