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Vasopressin deficiency: a hypothesized driver of both social
impairment and fluid imbalance in autism spectrum disorder
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OVERVIEW
Scientific naming conventions are often idiosyncratic. For exam-
ple, biological processes have acquired names after a physician
who described a syndrome (Alois Alzheimer), the resemblance of a
structure to a common item (sella turcica or Turkish saddle), or a
function a molecule is observed to mediate (growth hormone).
Although these names may be useful for initial characterization,
they can also create confusion (e.g., when a biological entity
receives multiple names) or be misleading (e.g., when critical
aspects of a molecule’s function are overlooked because it is
named after a different, unrelated action).
We believe that arginine vasopressin (AVP), also known as anti-

diuretic hormone (ADH), is one such “casualty.” Its dual scientific
names – suggesting important effects on blood pressure
maintenance and renal water regulation – have made integrating
knowledge of AVP’s diverse functions across disciplines challen-
ging. Moreover, because this molecule was named for its
peripheral actions – twice! – its function in the central nervous
system as a key regulator of mammalian social behavior was
insufficiently studied for decades.
The goals of this perspective are four-fold: 1) to advance the

novel hypothesis that brain AVP deficiency drives both social
interaction impairments and fluid imbalance in at least some
individuals with autism spectrum disorder (ASD); 2) to synthesize
emerging evidence consistent with this hypothesis; 3) to outline a
strategy for testing and confirming this hypothesis; and 4) to
propose a laboratory-based method for detecting AVP deficiency,
in order to identify autistic individuals who may be most likely to
benefit from AVP therapy.

A BRIEF HISTORY OF AVP’S PERIPHERAL AND CENTRAL
FUNCTIONS
AVP is a nonapeptide initially studied as a classic hormone due to
its release from the hypothalamic-pituitary-portal into peripheral
circulation. The name AVP refers to the hormone’s role in
increasing vascular resistance and regulating blood pressure (via
AVP receptor 1A [AVPR1A]), whereas the name ADH refers to its
role in regulating osmolality and renal water handling (via AVPR2).
Although hypothalamic and extra-hypothalamic AVP neurons
were known to project throughout the brain [1], AVP’s names
hindered the elucidation of its role in brain-related behavioral
processes. Decades would pass before neuroscientists identified

AVP as a key regulator of mammalian social behavior (e.g., social
recognition memory, pair-bond formation, paternal care) [2],
acting primarily through brain AVPR1A.
A role for the central AVP pathway in ASD was later

hypothesized [3], as persistent social interaction difficulties are a
core feature of ASD. Empirical research subsequently showed that
both children with ASD and infants who later receive an ASD
diagnosis have significantly lower cerebrospinal fluid (CSF) AVP
concentrations compared to controls [4–6]. (Notably, these studies
found no group differences in CSF concentrations of oxytocin
(OXT), a nearly structurally identical neuropeptide also involved in
social functioning [1], demonstrating the specificity of these AVP
findings.) Finally, consistent with brain AVP deficiency, a pilot
placebo-controlled trial recently reported that intranasal AVP
treatment improves social abilities in children with ASD [7].

AVP-RELATED MEDICAL COMORBIDITIES IN ASD
Given the emerging evidence for central AVP signaling abnormalities
in ASD, we would expect individuals with ASD, or a subgroup of them,
to be at increased risk of AVP-related medical conditions and
symptoms. For example, substantially decreased brain AVP produc-
tion and/or release into systemic circulation can lead to the
development of full or partial central diabetes insipidus (CDI), a
condition characterized by polydipsia (excessive thirst) and polyuria
(excessive urine production). However, there has been limited effort
to link the presence of medical symptoms associated with AVP
deficiency to social function impairment observed in individuals with
ASD. We believe that initial evidence of central AVP deficiency in
patients with ASD exists, but has been overlooked, not only because
these patients are cared for by clinicians from different specialties, but
also because clinicians may attribute these behaviors to a patient’s
diagnosis of ASD, rather than to an underlying physiological process.
Below we review published findings supporting the association of
ASD with functions in which AVP is unequivocally a key regulator (i.e.,
CDI, polydipsia, polyuria).

CDI
No published information is available on the rate of CDI in
individuals with ASD, making it difficult to ascertain whether the
two conditions co-occur at a higher rate than would be expected
based on current population prevalence rates. The only available
literature on CDI in ASD comes from two intriguing case reports.
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The first report described a 33-year-old man diagnosed with
Asperger disorder (now considered ASD), CDI, and empty sella
syndrome [8]. A more recent case report described an infant boy
with a family history of CDI who developed polydipsia and
polyuria during his first year of life. The child was eventually
diagnosed with CDI, and genetic testing confirmed both
autosomal dominant familial neurohypophyseal diabetes insipidus
and Gitelman syndrome (a defect of renal tubular electrolyte
wasting). While the case report did not mention the child
receiving a formal diagnosis of ASD, follow-up evaluation
“confirmed a developmental disorder characterized by impair-
ment in social interaction and in communication abilities” [9] – a
description consistent with ASD’s phenotypic presentation. These
findings are also consistent with those from a naturally occurring
AVP gene null mutant model – the Brattleboro rat – which shows
robust social behavior impairment in addition to developing CDI,
polydipsia, and polyuria [10].

Polydipsia
There is also emerging evidence to suggest that people with ASD,
even when compared to people with other neurodevelopmental
diagnoses, are at an increased risk of experiencing polydipsia.
Results from a survey of 674 people with ASD found that 74%
experienced excessive drinking and that this behavior was not
correlated with their level of intellectual disability [11]. (Unfortu-
nately, the relationship between polydipsia and social symptom
severity was not assessed in this report.) Similarly, among 138
children with either ASD or intellectual disability, children with
ASD were more than twice as likely to experience polydipsia
(16.3% vs 6.7%) and had significantly more severe symptoms.
These findings were not readily associated with psychotropic
medication use [12]. Finally, a study of 110 individuals revealed
that rates of polydipsia were higher in people with ASD compared
to those with other neurodevelopmental disorders [13]. These
collective findings suggest that the increased rate of polydipsia
among individuals with ASD is not attributable to intellectual or
neurodevelopmental disability, but instead, may be driven by a
physiological process unique to ASD, consistent with our
hypothesis of an underlying AVP deficiency.

Polyuria
While we were unable to find reports that directly quantified rates
of polyuria in individuals with ASD, there are several studies of
urinary incontinence, one potential sign of polyuria [14], in this
population. In a sample of 83 participants, children with ASD had
significantly higher rates of daytime urinary incontinence (25% vs
4.7%) and nocturnal enuresis (30% vs 0%) compared to neurotypical
children [15]. In a separate sample of 785 participants, 29% of
children with ASD experienced more bedwetting: a percentage
significantly (p < 0.03) greater than children with attention deficit
hyperactivity disorder (ADHD)-combined type (21%), ADHD-
inattentive type (10%), and anxiety/depression (7%), as well as
healthy controls (10%) [16]. The increased incidence of polyuria in
children with ASD compared to children with other neurologic and
psychiatric disorders points toward a process enriched in ASD,
which is again consistent with an underlying AVP deficiency.

IMPLICATIONS AND DIRECTIONS FOR FUTURE RESEARCH
The emerging evidence reviewed above is consistent with
decreased brain AVP production in at least some individuals with
ASD. If AVP signaling was globally deficient in individuals with
ASD, we would expect a much higher CDI prevalence (currently
0.004%) [17], given ASD impacts greater than 1% of the world’s
population [18]. We would also expect to observe a clear bimodal
distribution of CSF AVP concentration in those with ASD
compared to controls. Neither is the case. Indeed, given that
AVP is not a high-confidence ASD susceptibility gene, central AVP

signaling may be a downstream pathway critical for the
expression of ASD symptoms and a point of convergence for
multiple and diverse ASD susceptibility genes [19]. This would
explain why CSF AVP concentration is closely linked to quantita-
tive variation in autistic-like traits in socially impaired monkeys
[19] and social symptom severity in children with ASD [6]. We
would then also expect to observe a gradient of co-occurring AVP-
related medical symptoms in people with ASD. However, given a
lack of awareness of AVP’s diverse functions, these symptoms may
be subtle enough to go unnoticed or, if prominent, may be
misattributed to other causes (e.g., polydipsia being psychogenic
rather than neurogenic; enuresis being due to intellectual
disability). In addition, although a synthetic analog of AVP (i.e.,
desmopressin, a compound which targets AVPRV2), has been
widely prescribed for over 40 years to treat nocturnal enuresis in
ASD, serendipitous observation of social symptom improvement
would be unlikely to occur, as discussed in detail elsewhere [7].
Rigorous epidemiological research is now needed to evaluate

whether there is an increased prevalence of AVP-related medical
conditions (e.g., CDI, polydipsia, polyuria) in ASD. Laboratory research
is likewise needed to carefully characterize the relationship between
social symptom severity and severity of AVP-related medical
symptoms among individuals with ASD. It will be particularly
important to confirm that these medical symptoms arise from an
endogenous AVP deficiency rather than from medications that alter
water consumption or AVP production [20]. Should these clinical
investigations bear fruit, copeptin (a molecule co-synthesized and
secreted with endogenous AVP) [21] could be used as a comple-
mentary or companion precision diagnostic tool to detect AVP
deficiency in this clinically heterogeneous patient population. This
information, in turn, could guide targeted utilization of AVP therapy,
both for the psychiatric management of core social symptoms and
medical management of fluid imbalance, thereby significantly
improving quality of life for individuals with ASD.

REFERENCES
1. Rigney N, de Vries GJ, Petrulis A, Young LJ. Oxytocin, Vasopressin, and Social

Behavior: From Neural Circuits to Clinical Opportunities. Endocrinology.
2022;163:bqac111.

2. Caldwell HK, Lee HJ, Macbeth AH, Young WS 3rd. Vasopressin: behavioral roles of
an “original” neuropeptide. Prog Neurobiol. 2008;84:1–24.

3. Insel TR, O’Brien DJ, Leckman JF. Oxytocin, vasopressin, and autism: is there a
connection? Biol Psychiatry. 1999;45:145–57.

4. Parker KJ, Garner JP, Oztan O, Tarara ER, Li J, Sclafani V, et al. Arginine vasopressin
in cerebrospinal fluid is a marker of sociality in nonhuman primates. Sci Transl
Med. 2018;10:eaam9100.

5. Oztan O, Garner JP, Constantino JN, Parker KJ. Neonatal CSF vasopressin con-
centration predicts later medical record diagnoses of autism spectrum disorder.
Proc Natl Acad Sci USA. 2020;117:10609–13.

6. Oztan O, Garner JP, Partap S, Sherr EH, Hardan AY, Farmer C, et al. Cerebrospinal
fluid vasopressin and symptom severity in children with autism. Ann Neurol.
2018;84:611–5.

7. Parker KJ, Oztan O, Libove RA, Mohsin N, Karhson DS, Sumiyoshi RD, et al. A
randomized placebo-controlled pilot trial shows that intranasal vasopressin
improves social deficits in children with autism. Sci Transl Med.
2019;11:eaau7356.

8. Raja M, Azzoni A, Giammarco V. Diabetes Insipidus and Polydipsia in a Patient
with Asperger’s Disorder and an Empty Sella: A Case Report. J Autism Dev Disord.
1998;28:235–9.

9. Brugnara M, Gaudino R, Tedeschi S, Syrèn ML, Perrotta S, Maines E, et al. Type III
Bartter-like syndrome in an infant boy with Gitelman syndrome and autosomal
dominant familial neurohypophyseal diabetes insipidus. J Pediatr Endocrinol
Metab. 2014;27:971–5.

10. Paul MJ, Peters NV, Holder MK, Kim AM, Whylings J, Terranova JI, et al. Atypical
Social Development in Vasopressin-Deficient Brattleboro Rats. eNeuro.
2016;3:ENEURO.0150–15.2016.

11. Mills R, Wing L. Excessive drinking of fluids in children and adults on the autism
spectrum: a brief report. Adv Autism. 2015;1:51–60.

12. Terai K, Munesue T, Hiratani M. Excessive water drinking behavior in autism. Brain
Dev. 1999;21:103–6.

L. Clarke et al.

2

Molecular Psychiatry



13. Rowland GH. Polydipsia in Adults with Learning Disabilities: Prevalence, Pre-
sentation and Aetiology. Br J Dev Disabil. 1999;45:52–62.

14. Pan CG 58 - Polyuria and Urinary Incontinence. In: Kliegman RM, Toth H, Bordini
BJ, Basel D, editors. Nelson Pediatric Symptom-Based Diagnosis: Common Diseases
and their Mimics (Second Edition). Elsevier: Philadelphia, 2023, pp 1106–13.e1101.

15. von Gontard A, Pirrung M, Niemczyk J, Equit M. Incontinence in children with
autism spectrum disorder. J Pediatr Urol. 2015;11:264.e261–264.e267.

16. Mayes SD, Calhoun S, Bixler EO, Vgontzas AN. Sleep Problems in Children with
Autism, ADHD, Anxiety, Depression, Acquired Brain Injury, and Typical Develop-
ment. Sleep Med Clin. 2009;4:19–25.

17. Christ-Crain M, Bichet DG, Fenske WK, Goldman MB, Rittig S, Verbalis JG, et al.
Diabetes insipidus. Nat Rev Dis Prim. 2019;5:54.

18. Zeidan J, Fombonne E, Scorah J, Ibrahim A, Durkin MS, Saxena S, et al. Global
prevalence of autism: A systematic review update. Autism Res. 2022;15:778–90.

19. Oztan O, Talbot CF, Argilli E, Maness AC, Simmons SM, Mohsin N, et al. Autism-
associated biomarkers: test-retest reliability and relationship to quantitative
social trait variation in rhesus monkeys. Mol Autism. 2021;12:50.

20. Mutter CM, Smith T, Menze O, Zakharia M, Nguyen H. Diabetes Insipidus:
Pathogenesis, Diagnosis, and Clinical Management. Cureus. 2021;13:e13523.

21. Fenske W, Refardt J, Chifu I, Schnyder I, Winzeler B, Drummond J, et al. A
Copeptin-Based Approach in the Diagnosis of Diabetes Insipidus. N Engl J Med.
2018;379:428–39.

ACKNOWLEDGEMENTS
The writing of this manuscript was supported, in part, by funding from the National
Institutes of Health (HD091972; KJP and AYH), the Department of Defense (W81XWH-
21-1-0210; KJP), and the Truong-Tan Broadcom Endowment (KJP). No funding source
was involved in the writing of this report or in the decision to submit it for publication.

AUTHOR CONTRIBUTIONS
All authors contributed to the conceptualization of this manuscript. LC and KJP
performed the literature review and wrote the first draft of the manuscript. NG, EHS,
and AYH reviewed the manuscript and provided critical editorial feedback on it. All
authors read and approved the final manuscript.

COMPETING INTERESTS
LC, NG, and EHS have no interests to declare. AYH declares consulting fees from
Quadrant Bio, IAMA therapeutics, and Beaming Health. AYH and KJP are receiving
Vasostrict from Endo International free of charge for use in an investigator-initiated,
NIH-funded phase IIb clinical trial that is evaluating the safety and efficacy of
vasopressin treatment to improve social abilities in children with ASD. The Board of
Trustees of the Leland Stanford Junior University has filed patent applications related
to data reviewed herein: PCT/US2019/019029 (“Methods for diagnosing and
determining severity of an autism spectrum disorder”) and PCT/US2019/041250
(“Intranasal Vasopressin Treatment for Social Deficits in Children with Autism”). These
patents have not been granted, nor licensed, and no author is receiving financial
compensation at this time.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Karen J. Parker.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

L. Clarke et al.

3

Molecular Psychiatry

http://www.nature.com/reprints
http://www.nature.com/reprints

	Vasopressin deficiency: a hypothesized driver of both social impairment and fluid imbalance in autism spectrum disorder
	Overview
	A brief history of AVP’s peripheral and central functions
	AVP-related medical comorbidities�in ASD
	CDI
	Polydipsia
	Polyuria

	Implications and directions for future research
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




