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Abstract
Lithium is a commonly used medication for mood stabilization and a well-known cause of nephrogenic
diabetes insipidus (DI). Coexistent psychogenic polydipsia with nephrogenic DI is uncommon, and its
management is challenging due to the wide variation in serum sodium based on fluctuations in water intake.
Here, we describe the case of a 56-year-old male with psychogenic polydipsia and nephrogenic DI which
manifested in wide swings of serum sodium over a short interval. He initially presented with hyponatremia
with low urine osmolality consistent with psychogenic polydipsia. His serum sodium began to improve after
free water restriction. However, later in the course, he developed an increase in serum sodium levels and
polyuria with persistent low urine osmolality consistent with DI.
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Introduction
Psychogenic polydipsia is a well-known phenomenon characterized by excessive fluid intake and polyuria. It
is found in 11-20% of patients with schizophrenia spectrum disorder [1]. Lithium is a medication used for
mood stabilization in many psychiatric disorders. Nephrogenic diabetes is a known adverse effect associated
with lithium therapy. Underlying nephrogenic diabetes insipidus (DI) predisposes patients to urinary water
loss and hypernatremia unless patients replace the water loss with an increase in fluid intake. However, in
the event of coexisting psychogenic polydipsia, patients can consume enough water to overcome the
kidney’s ability to excrete it which can result in hyponatremia. Therefore, a patient with both psychogenic
polydipsia and nephrogenic DI can develop either hypernatremia or hyponatremia or swing rapidly from
one to the other depending on access to and intake of water.

Case Presentation
A 56-year-old male with a history of schizoaffective disorder (diagnosed 20 years ago) presented to the
Emergency Department with generalized weakness, fatigue, and fever for a day. His home medications
included lithium, amitriptyline, and valproic acid. His vital signs were stable except for a temperature of
103.2°F. A physical examination was remarkable for crackles on the right lower region of the chest. A chest
X-ray revealed an infiltrate in the right lower lobe for which he was started on broad-spectrum antibiotics
amoxicillin/clavulanate and doxycycline (Figure 1). Urine antigens for Legionella and Streptococcus
pneumoniae were negative, and mycoplasma immunoglobulin M was not elevated. Labs were remarkable for
serum sodium of 127 mmol/L and serum creatinine of 1.48 mg/dL. Serum osmolality was 271 mOsm/kg
(reference range: 275-295 mOsm/kg), and urine osmolality was 83 mOsm/kg (reference range: 50-1,200
mOsm/kg) which in the presence of hyponatremia suggested a diagnosis of psychogenic polydipsia. The
patient was placed on fluid restriction of 1 L. Repeat labs in eight hours showed sodium of 133 mmol/L and
creatinine of 1.08 mg/dL. The patient had a urine output of 2,700 cc over 24 hours, and the next day sodium
corrected to 142 mmol/L with fluid restriction. Urine output subsequently increased to 4,400 cc in 24 hours
and sodium increased to 145 mmol/L. Once his sodium level increased, his fluid restriction was stopped. He
continued to have polyuria with urine output on average 5.5 L/24 hours for the next few days. At this time,
despite the rise in serum sodium, his urine osmolality remained low at 103 mOsm/kg which was consistent
with DI due to long-standing lithium use. He then maintained serum sodium in the high normal range
because of spontaneous water intake. During hospitalization, he underwent informal water deprivation by
being started on fluid restriction after which he developed a rise in sodium level and polyuria with low urine
osmolality, essentially consistent with DI.
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FIGURE 1: Chest X-ray showing right lower lobe infiltrate consistent
with pneumonia.

Discussion
Lithium is one of the oldest mood stabilizers and was approved in 1970 by the Food and Drug Administration
[2]. It remained the first line of management for many years. However, its use has been declining due to its
toxicity and narrow therapeutic window [2]. Lithium is not protein-bound and is freely distributed
throughout the body. It is not metabolized, and almost 95% of it is excreted unchanged through the kidney
[3]. The plasma elimination half-life of a single dose ranges from 18 to 20 hours in young adults to
approximately 36 hours in elderly patients. The half-life is also affected by the duration of therapy,
increasing with the duration the patient has been on the treatment [4].

Because lithium has the same charge as sodium, its mechanism of filtration and reabsorption is very similar
to sodium. It is freely filtered in the kidney, and 70% of it is reabsorbed in the proximal tubule. However,
compared to sodium, lithium is less absorbed and delivered more to the distal part of the nephrons [5].
Overall, 3-10% of lithium is absorbed in the loop of Henle while the remaining is reabsorbed by transcellular
uptake via epithelial sodium channel in the distal tubule and collecting duct [6,5]. The serum lithium
concentration may not correlate with toxicity. Around 40% of patients who receive lithium therapy develop
nephrogenic DI [7], which can sometimes persist for years after discontinuing lithium [8], even becoming
irreversible after chronic use [9].

Nephrogenic DI is characterized by an inability of the kidneys to concentrate urine in the presence of
antidiuretic hormone causing polyuria [10]. The aquaporin-2 water channel (AQP2) is expressed in the
principal cells and plays an essential role in the reabsorption of water in the collecting ducts via the type 2
vasopressin receptor (V2R)-mediated mechanism. The dysfunction of the AVP-V2R-AQP2 system can result
in DI [11]. Lithium prevents the insertion of cytoplasmic urinary aquaporin (AQP2) to the apical membrane
because of which more hypo-osmotic fluid is delivered to the medullary collecting duct resulting in large-
volume dilute urine excretion [12]. An open clinical trial with amiloride showed that impaired concentrating
ability in lithium-induced nephrogenic DI was associated with decreased urinary aquaporin excretion, and
this association correlated with the duration of lithium exposure [12].

Our patient had been on lithium for a long time and may have developed chronic nephrogenic DI. The
diagnosis was obscured on admission due to hyponatremia. Nephrogenic DI manifested only after water
restriction was enforced. He underwent an informal water deprivation test by being started on fluid
restriction, after which the serum sodium increased to 145 mEq/L while the urine osmolality remained
low (103 mOsm/kg), which is essentially diagnostic of DI. Polyuria tends to decrease in patients with
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primary polydipsia after eight hours of water deprivation and urine osmolality increases, whereas in DI,
polyuria does not improve after water deprivation and serum osmolality remains low, as seen in this patient.
The desmopressin test was not done due to concerns regarding cost and clinical correlation. As he was on
lithium for a long duration, it was likely nephrogenic DI. Another case has been described of a patient with
both psychogenic polydipsia and lithium-induced nephrogenic DI [13]. Further studies are needed to study
whether lithium has any effect on the thirst mechanism and a role in developing primary polydipsia.

Polyuria-polydipsia syndrome describes a clinical syndrome of excessive intake and urinary output, with the
usual differential diagnosis including psychogenic polydipsia and central or nephrogenic DI [14]. In rare
cases, when polydipsia and nephrogenic DI coexist, multiple tests are needed at different times in the
clinical course to provide a complete analysis. The water deprivation test is the best diagnostic test to
differentiate among the different etiologies [1]. Studies have also found that copeptin, the c-terminal part of
the AVP precursor peptide, can serve as a sensitive surrogate marker for AVP. Copeptin has been shown to
improve the diagnostic accuracy of water deprivation test and help discriminate between primary polydipsia
and DI [1]. Further studies are needed to accurately determine the objective way of differentiating between
the two entities.

Conclusions
Having psychogenic polydipsia and diabetes insipidus at the same time can be challenging to manage due to
wide fluctuations in sodium with changes in water intake, and can even prove catastrophic if sodium drops
or rises to extreme levels. Because psychogenic polydipsia is widely prevalent in psychiatric patients and
many patients are on lithium therapy, this condition may be more common, though very few cases have been
reported. Further studies are needed to study this and explore the pathophysiology behind the possible role
of lithium in the development of psychogenic polydipsia.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Sailer C, Winzeler B, Christ-Crain M: Primary polydipsia in the medical and psychiatric patient:

characteristics, complications and therapy. Swiss Med Wkly. 2017, 147:w14514. 10.4414/smw.2017.14514
2. Hedya SA, Avula A, Swoboda HD: Lithium toxicity. StatPearls Publishing, Treasure Island, FL; 2021.
3. Wen J, Sawmiller D, Wheeldon B, Tan J: A review for lithium: pharmacokinetics, drug design, and toxicity .

CNS Neurol Disord Drug Targets. 2019, 18:769-78. 10.2174/1871527318666191114095249
4. Boltan DD, Fenves AZ: Effectiveness of normal saline diuresis in treating lithium overdose . Proc (Bayl Univ

Med Cent). 2008, 21:261-3. 10.1080/08998280.2008.11928407
5. Alsady M, Baumgarten R, Deen PM, de Groot T: Lithium in the kidney: friend and foe? . J Am Soc Nephrol.

2016, 27:1587-95. 10.1681/ASN.2015080907
6. Palmer LG, Schnermann J: Integrated control of Na transport along the nephron . Clin J Am Soc Nephrol.

2015, 10:676-87. 10.2215/CJN.12391213
7. Moeller HB, Rittig S, Fenton RA: Nephrogenic diabetes insipidus: essential insights into the molecular

background and potential therapies for treatment. Endocr Rev. 2013, 34:278-301. 10.1210/er.2012-1044
8. Stone KA: Lithium-induced nephrogenic diabetes insipidus . J Am Board Fam Pract. 1999, 12:43-7.

10.3122/15572625-12-1-43
9. Christensen BM, Kim YH, Kwon TH, Nielsen S: Lithium treatment induces a marked proliferation of

primarily principal cells in rat kidney inner medullary collecting duct. Am J Physiol Renal Physiol. 2006,
291:F39-48. 10.1152/ajprenal.00383.2005

10. Knoers N, Lemmink H: Hereditary nephrogenic diabetes insipidus . GeneReviews® [Internet]. Adam MP,
Ardinger HH, Pagon RA, et al. (ed): University of Washington, Seattle, Seattle, WA; 2020.

11. Balla A, Hunyady L: Nephrogenic diabetes insipidus . Exp Suppl. 2019, 111:317-39. 10.1007/978-3-030-
25905-1_15

12. Bedford JJ, Weggery S, Ellis G, McDonald FJ, Joyce PR, Leader JP, Walker RJ: Lithium-induced nephrogenic
diabetes insipidus: renal effects of amiloride. Clin J Am Soc Nephrol. 2008, 3:1324-31.
10.2215/CJN.01640408

13. De Soto MF, Griffith SR, Katz EJ: Water intoxication associated with nephrogenic diabetes insipidus
secondary to lithium: case report. J Clin Psychiatry. 1985, 46:402-3.

14. Nigro N, Grossmann M, Chiang C, Inder WJ: Polyuria-polydipsia syndrome: a diagnostic challenge . Intern
Med J. 2018, 48:244-53. 10.1111/imj.13627

2022 Antala et al. Cureus 14(3): e23438. DOI 10.7759/cureus.23438 3 of 3

https://dx.doi.org/10.4414/smw.2017.14514
https://dx.doi.org/10.4414/smw.2017.14514
https://www.ncbi.nlm.nih.gov/books/NBK499992
https://dx.doi.org/10.2174/1871527318666191114095249
https://dx.doi.org/10.2174/1871527318666191114095249
https://dx.doi.org/10.1080/08998280.2008.11928407
https://dx.doi.org/10.1080/08998280.2008.11928407
https://dx.doi.org/10.1681/ASN.2015080907
https://dx.doi.org/10.1681/ASN.2015080907
https://dx.doi.org/10.2215/CJN.12391213
https://dx.doi.org/10.2215/CJN.12391213
https://dx.doi.org/10.1210/er.2012-1044
https://dx.doi.org/10.1210/er.2012-1044
https://dx.doi.org/10.3122/15572625-12-1-43
https://dx.doi.org/10.3122/15572625-12-1-43
https://dx.doi.org/10.1152/ajprenal.00383.2005
https://dx.doi.org/10.1152/ajprenal.00383.2005
https://www.ncbi.nlm.nih.gov/books/NBK1177/
https://dx.doi.org/10.1007/978-3-030-25905-1_15
https://dx.doi.org/10.1007/978-3-030-25905-1_15
https://dx.doi.org/10.2215/CJN.01640408
https://dx.doi.org/10.2215/CJN.01640408
https://psycnet.apa.org/record/1986-25280-001
https://dx.doi.org/10.1111/imj.13627
https://dx.doi.org/10.1111/imj.13627

	A Rare Case of Coexisting Psychogenic Polydipsia and Nephrogenic Diabetes Insipidus With Lithium Therapy
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Chest X-ray showing right lower lobe infiltrate consistent with pneumonia.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


