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Background: Hyponatremia is generally defined as a serum sodium level <135mmol/L and is considered severe if serum

sodium is <125mmol/L. Hyponatremia is a potentially life-threatening medical comorbidity for patients with schizophrenia.

The incidence of hyponatremia in patients with schizophrenia who are taking second-generation antipsychotics (SGAs) has

not been well established.

Methods: We conducted a systematic review of case reports of hyponatremia associated with the use of SGAs in patients with

schizophrenia. We searched MEDLINE (from 1946 through September 2016) using the medical subject headings antipsychotic

agents, hyponatremia, and water intoxication to identify reported diagnoses of hyponatremia following treatment with SGAs in

patients with schizophrenia.

Results: We abstracted 12 potentially relevant case reports from 157 records. Nine case reports met the selection criteria. Three

cases involved the use of aripiprazole (Abilify), 3 involved the use of risperidone (Risperdal), and the other 3 cases involved

ziprasidone, olanzapine, and clozapine. Approximately equal numbers of males and females were represented, and 2 of the

9 patients were aged ≥60 years. The average patient age was 47 years, and the average time to the hyponatremia event

was 17 days. The average serum sodium was 138mmol/L at baseline, 112mmol/L at treatment nadir, and 138mmol/L after

treatment discontinuation.

Conclusion: Hyponatremia can result from the use of SGAs in patients with schizophrenia and can be avoided with proper

management of treatment. Physicians, psychiatrists, and other healthcare workers should be aware of the potential for

severe hyponatremia with the use of commonly prescribed SGAs. SGA-induced hyponatremia is generally reversible after

discontinuing treatment.
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INTRODUCTION
Schizophrenia is a chronic debilitating psychiatric illness

occurring in approximately 1% of the world’s population.1

Hyponatremia affects 4% of patients with schizophrenia,2,3

even without the use of antipsychotic medications, and oc-

curs in 10% of patients with chronic schizophrenia who

take antipsychotic medications.4 The use of antipsychotic

medications may put patients with schizophrenia at an in-

creased risk of developing hyponatremia.2,4 The occurrence

of hyponatremia among patients with schizophrenia who are

taking second-generation antipsychotics (SGAs) in the clin-

ical setting has not been well established and warrants fur-

ther research.

Hyponatremia is generally defined as a serum sodium

level <135mmol/L.5 A serum sodium level <125mmol/L is

considered severe hyponatremia and can have irreversible

clinical consequences such as coma, death, rhabdomyoly-

sis, and neurologic damage.4,6,7 In a study of 7,113 psychi-

atric inpatients, 347 (4.9%) patients had hyponatremia, with

29% of patients experiencing mild symptoms. Mild symp-

toms included gait impairment (including falls) in 45% of pa-

tients, confusion in 30%, sedation in 26%, and dyspepsia in

41%.8 In severe cases (a serum sodium level <125mmol/L),

salt wasting can occur, leading to symptoms such as head-

ache, agitation, mental confusion, delirium, convulsions,

coma, and encephalopathy.2,9 Hyponatremia most frequent-

ly occurs in hospitalized patients and is prevalent in females

and the elderly population who may be vulnerable to severe

complications.6,7

Patients with schizophrenia are more commonly treated

with SGAs than with first-generation antipsychotics (FGAs).10

An estimated 670,000 of 2 million adult patients prescribed
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an antipsychotic medication in the United States (according

to findings from the 2004-2005 US Medical Expenditure

Panel Survey) are prescribed SGAs for the treatment of psy-

chiatric symptoms. Table 1 presents a list of FGAs and

SGAs.10 While the evidence to recommend use of SGAs

over FGAs is insufficient,11 practice guidelines do not ad-

dress the issue of monitoring for hyponatremia in patients

with schizophrenia who are taking SGAs.12

While SGAs are the drugs of choice to treat schizophrenia

because they are associated with fewer extrapyramidal

symptoms,13 information available about the risk of hypona-

tremia associated with these medications is limited.4 In the

cases of hyponatremia reported to be associated with

SGAs, olanzapine (Zyprexa), risperidone (Risperdal), and

clozapine (Clozaril) are most common.2 However, in most

published reports, the drug dosage comparison and the

risk association of concomitant interaction are not

provided.2,3,9,14-24

A 2010 study examining the frequency of reporting hypo-

natremia with SGA medications in a drug safety database

concluded that hyponatremia associated with SGA medica-

tions is likely to be underreported because of the concomi-

tant use of other medications known to cause hyponatremia

(eg, thiazide diuretics) and potential interaction.2

The purpose of this systematic review was to examine

published cases reporting the use of SGAs and the occur-

rence of hyponatremia in patients with schizophrenia to in-

form physicians prescribing SGAs.

METHODS
Search Strategy and Database
We conducted a literature search of the MEDLINE data-

base (from 1946 through September 2016) using the medi-

cal subject headings antipsychotic agents, hyponatremia,

and water intoxication to identify cases reporting a diagnosis

of hyponatremia after treatment with SGAs in patients with

schizophrenia. The search was limited to articles in the En-

glish language.

Inclusion and Exclusion Criteria
Inclusion criteria were (1) a case report (2) describing hy-

ponatremia (a serum sodium level <135mmol/L) that (3) oc-

curred after the start of treatment with one or more SGAs.1

Exclusion criteria were (1) serum sodium level was not

Table 1. Antipsychotic Medications

Monotherapy Monotherapy Combination Therapy
First-Generation
Antipsychotic Medications

Second-Generation
Antipsychotic Medications

Second-Generation
Antipsychotic Medications

Chlorpromazine (Thorazine) Aripiprazole (Abilify) Olanzapine + fluoxetine (Symbyax)

Droperidol (Inapsine) Asenapine (Saphris)

Fluphenazine (Prolixin) Clozapine (Clozaril)

Haloperidol (Haldol) Iloperidone (Fanapt)

Loxapine (Loxitane) Lurasidone (Latuda)

Perphenazine (Trilafon) Olanzapine (Zyprexa)

Pimozide (Orap) Paliperidone (Invega)

Prochlorperazine (Compro) Quetiapine (Seroquel)

Thioridazine (Mellaril) Risperidone (Risperdal)

Thiothixene (Navane) Ziprasidone (Geodon)

Trifluoperazine (Stelazine)

Figure. Flow diagram shows the number of articles identi-
fied and evaluated during the case report selection process.
SGA, second-generation antipsychotic.
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reported, (2) a clear diagnosis of schizophrenia was not

documented, (3) an SGA was not administered, and (4)

the subject of the report was not a human adult.

Case Report Selection
Our search yielded 157 unique titles that we screened by

title and abstract to identify 12 pertinent case reports. These

12 potentially relevant cases were extracted in full text and

evaluated in detail. Cases were excluded according to the

previously described criteria. Nine case reports were select-

ed for analysis, and data were abstracted. The Figure illus-

trates the selection process for the cases.

RESULTS
The 9 cases that met the inclusion criteria involved 5 male

patients and 4 female patients with a mean age of 47 years.

The patients’ ages ranged from 20-76 years.15-23 Table 2

presents a summary of the cases with outcomes, author

comments, and recommendations.

Four cases reported hyponatremia with the diagnosis of

syndrome of inappropriate antidiuretic hormone secretion

(SIADH),15,16,19,21 2 cases reported hyponatremia with rhab-

domyolysis,17,23 1 case reported hyponatremia with the

diagnosis of water intoxication,18 and 2 cases reported hy-

ponatremia without another diagnosis.20,22

Three cases reported the use of risperidone (Risper-

dal),16,19,23 3 reported the use of aripiprazole (Abilify),15,21,22

and the remaining 3 cases reported the use of ziprasidone

(Geodon),17 clozapine (Clozaril),20 and olanzapine (Zy-

prexa).18 Recovery from hyponatremia after discontinuation

of SGA treatment was reported in 8 cases. The patient taking

olanzapine died from hyponatremia/water intoxication that

was likely associated with the use of the drug.

The patients’ mean serum sodium level at baseline was

138mmol/L, with a mean drop to 112mmol/L and a mean

return to a normal serum sodium level of 138mmol/L follow-

ing the discontinuation of treatment. Table 3 presents the

serum sodium levels by case. Table 4 reports recom-

mended dosages, actual dosages used in the case scenar-

ios, and the times to the hyponatremia event. All of these

severe cases of hyponatremia occurred in patients who

were dosed within the recommended SGA dosing ranges,

except for the case involving olanzapine (Zyprexa). That pa-

tient was administered approximately 4 times the recom-

mended maximum dose, and the result was death.15-23

The average time to the hyponatremia event for all cases

was 17 days.

The authors of all 9 case reports proposed a link between

the hyponatremia event and the use of SGAs based on the

temporal relationship and the lack of an alternative explana-

tion.

DISCUSSION
The cited cases involved 7 adults aged 20-56 years and 2

elderly patients aged 60 and 76 years. The case report find-

ings describing hyponatremia following SGA treatment rep-

resent a likely association; however, the absolute risk of this

adverse event is currently unknown.

The inconsistency of the literature based on case reports

alone demonstrates the need for studies with systematic as-

sessments of adverse events such as hyponatremia occur-

ring after the initiation of treatment with SGAs. While much

of the literature implies greater susceptibility to hyponatre-

mia in elderly patients25 who are also more vulnerable to ad-

verse events following SGA treatment, our findings in the

analyzed case reports did not clearly provide evidence of

this phenomenon. The hypothesis that the elderly have a

higher susceptibility to hyponatremia has significant biologic

plausibility, as the underlying mechanisms that trigger thirst

may deteriorate with age, weakening the ability to maintain

water homeostasis in the body and increasing the risk for

dehydration.26-28 Moreover, the well-known age-related de-

cline in kidney function may also increase the risk for dehy-

dration.26,28 The literature through 2016 reports an increased

risk among females and the elderly for antipsychotic-

induced hyponatremia.14,25,27,29 The expected decline in

Table 3. Patient Serum Sodium Measurements

Serum Sodium, mmol/L

Case

Second-Generation
Antipsychotic
Medication Baseline

At Treatment
Nadir

After Treatment
Discontinuation

Bachu et al, 200615 Aripiprazole 142a 120a 143a

Collins and Anderson, 200016 Risperidone 134 116 134

Akkaya et al, 200617 Ziprasidone 142a 122a 143a

Nagasawa et al, 201418 Olanzapine 83a,b

Lee et al, 201519 Risperidone 136 106

Ogilvie and Croy, 199220 Clozapine 113

Kohen et al, 200821 Aripiprazole 135 112 137

Lecamwasam and Alexander, 201122 Aripiprazole 124 136

Whitten and Ruehter, 199723 Risperidone 110 136

Mean Serum Sodium, mmol/L

138 112 138

aMeasurement was converted from mEq/L to mmol/L for data consistency.
bMeasurement was obtained from postmortem serum biochemistry.
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renal function in the elderly may explain this phenomenon.

The increased risk among females may be confounded by

body size, as low body weight has been identified as a

risk factor.25,29 Low body weight may also explain the in-

creased risk in the elderly.25 These factors may contrib-

ute to the incidence of hyponatremia, but evidence is

sparse.14,25,29,30

From examination of the literature and our results, higher

dosage treatment regimens with SGAs appear to be related

to adverse effects. Regardless of the underlying cause, hy-

ponatremia is associated with a risk of death.2,6,23 The elec-

trolyte imbalance is likely to increase morbidity and mortality

if left untreated.10,30-33 In addition, distinguishing the symp-

toms and signs of schizophrenia from hyponatremia-related

neurologic deterioration may be difficult.3,9 Our findings sug-

gest the importance of monitoring this electrolyte disorder

closely within the first 2 weeks of SGA treatment initiation

(given our average time to event of 17 days) and the impor-

tance of following proper dosing information within the first 3

days of treatment (our minimum time to event was 3 days).

In clinical practice, the SGAs commonly prescribed to

treat patients with schizophrenia differ in drug composition

and safety profile; however, commonly prescribed SGAs

and those included in this review (clozapine, risperidone, ari-

piprazole, ziprasidone, and olanzapine) block cerebral do-

pamine pathways to treat the symptoms of patients.

CONCLUSION
Because hyponatremia is life-threatening in severe cases

but is preventable in most cases with the discontinuation

of SGA treatment, monitoring electrolyte levels during treat-

ment with SGAs is important. Serum sodium levels returned

to normal following the discontinuation of treatment in al-

most all the cases in our review. Increasing the awareness

among psychiatric providers of this potential serious ad-

verse event associated with SGAs is critical because of the

prevalence of these medications in treating vulnerable pa-

tients with schizophrenia.
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