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Aims To establish the incidence, time course and risk factors of hyponatraemia
complicating treatment with fluoxetine or paroxetine in an elderly population.
Methods Retrospective descriptive and case control study in an inpatient/outpatient
assessment and rehabilitation service for people aged 65 years and over. Fourteen
elderly patients with hyponatraemia complicating treatment with fluoxetine or
paroxetine, matched with 56 controls drawn from 845 patients treated with
fluoxetine or paroxetine over 3.5 years. No other SSRI antidepressants were used
over the study period.
Results The incidence of hyponatraemia was 4.7/1000 people treated/year (6.3/1000
for fluoxetine and 3.5/1000 for paroxetine). Hyponatraemia was detected at a
median 13.5 (mean 18.6, range 4–64) days after commencing the drug. Mean (95%
confidence intervals) body weights were lower in cases at 53.0 (95% CI 46.5–59.5) kg
compared with controls at 64.5 (95% CI 60.1–68.4) kg (P<0.01). 71% of cases
were women compared with 45% of controls (P=0.07) but the effect of gender
was confounded by body weight. There were trends for cases to be older (odds ratio
1.10: 95% CI 0.99, 1.23) and lighter (odds ratio 0.92, 95% CI 0.86, 0.99).
Conclusions Approximately 1 in 200 elderly people treated per year with fluoxetine
or paroxetine developed complicating hyponatraemia. Low body weight was a
particular risk factor. Most cases occurred within 3 weeks of treatment.

population group for whom SSRI antidepressants are
Introduction

prescribed. The mechanism of hyponatraemia is thought
to be the syndrome of inappropriate secretion ofSelective serotonin reuptake inhibitor (SSRI) antidepress-

ants have become increasingly popular in the treatment antidiuretic hormone (SIADH) [7].
The department of Health Care of the Elderly at theof depression. This is partly because they have different

side-effects from other classes of antidepressants. Princess Margaret Hospital, Christchurch, New Zealand,
provides an outpatient and 135 bed inpatient assessmentAnticholinergic side-effects, urinary hesitancy, cardiotox-

icity and/or postural hypotension associated with tricyclic and rehabilitation service for a population of approxi-
mately 50,000 people aged 65 years and over. A centralantidepressant use may contribute to the greater use of

SSRI antidepressants in the elderly. database containing patient diagnoses and medications is
maintained within the department. The recognition thatHyponatraemia is a recognised, but rare, complication

of tricyclic antidepressant therapy which is thought to be there were an increasing number of cases of hyponatrae-
mia developing in people taking SSRI antidepressantsidiosyncratic in type [1]. Hyponatraemia complicating

SSRI antidepressant use has now become widely reported prompted a systematic search of this database to determine
all cases. At the time of the study fluoxetine and[2–6]. A systematic search identified 736 cases by

encompassing all published and spontaneously reported paroxetine were the only SSRI antidepressants used.
The primary aims of this study were:cases [4]. Although most cases have occurred in elderly

women [4, 8], it is not clear whether this is because they 1. to identify all cases of hyponatraemia occurring in
are at particular risk or whether they are the main elderly people referred to the service who were taking

fluoxetine or paroxetine,
Correspondence: Dr T. J. Wilkinson, Department of Health Care of the Elderly,

2. to establish the likelihood of hyponatraemia beingPrincess Margaret Hospital, PO Box 731, Christchurch, New Zealand.
Received 13 January 1998, accepted 21 September 1998. attributable to fluoxetine or paroxetine, and thereby

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 47, 211–217 211



T. J. Wilkinson et al.

3. to search for risk factors which might predispose to for more than 3 months. This was to ensure a reasonable
time to develop the complication.this complication, using a case control method.

Secondary aims were to: 2. The lowest measured plasma sodium concentration
had to be 135 mmol l−1 or greater. This was to ensure1. to establish the incidence of hyponatraemia due to

fluoxetine or paroxetine in this population, and there was a clear distinction between cases and controls.
The following information was obtained for each2. to describe the time course of the development of

hyponatraemia. control patient: drug (fluoxetine or paroxetine), drug
dose, concomitant medications, age, gender, weight,
plasma creatinine concentration, calculated creatinine
clearance [11] and plasma albumin concentration. The

Methods
patient’s General Practitioner was contacted to obtain
missing information where necessary.The denominator population was determined by ident-

ifying all people (who were taking fluoxetine or Paroxetine was first used in our patients 12 months
after the beginning of the study so the duration of useparoxetine) referred to the service over a 3.5 year period.

As the service primarily provides a rehabilitation service for this drug was 2.5 years.
Differences between cases and controls in continuousfor elderly people, this population typically comprises

people with varying degrees of disability and/or active variables were compared using Student’s unpaired t-test.
Categorical variables were compared using the Chi-medical problems.

The numerator population comprised patients from square test. Multiple logistic regression was used to
compare cases and controls to determine if there was anthe denominator population who also had hyponatraemia.

Patients were included only if the hyponatraemia was interaction between any of the demographic characteristics
such as weight or gender.considered to be ‘definitely’ or ‘probably’ related to use

of the SSRI antidepressant, using the likelihood criteria
of Kramer et al. [9, 10]. The relationship was defined as

Results
‘definite’ if hyponatraemia followed a reasonable time
course after administration of the drug, resolved after Over the study period, 845 people received an SSRI

antidepressant, including 501 people taking fluoxetinestopping the drug and could not be explained by other
means. Patients with uncontrolled heart failure were over 3.5 years and 344 people taking paroxetine over

2.5 years.excluded. The relationship was defined as ‘probable’ if
there was an alternative explanation for hyponatraemia Within this group, 42 people were identified as having

developed hyponatraemia. In 14 cases this was consideredbut the time course in relation to the drug administration
made the SSRI antidepressant the more likely cause. to be related to the SSRI use (Table 1). In 12 cases the

relationship between the SSRI antidepressant and hypona-Cases defined as ‘possible’ or ‘unlikely’ were excluded
from analysis as either a case or a control. traemia was considered ‘definite’ as it followed a

reasonable time course after administration of the drug,Potentially important covariates in each case were
sought by obtaining the following information: drug resolved after stopping the drug and could not be

explained by other means. Two cases were classified as(fluoxetine or paroxetine), drug dose, other possible
explanations for hyponatraemia, concomitant medi- ‘probable’ because there were other possible explanations

for the hyponatraemia—in case 3, the patient was alsocations, age, gender, weight, plasma creatinine concen-
tration, calculated creatinine clearance [11] and plasma taking prochlorperazine (a drug known to cause hypona-

traemia) and, in case 6, the patient had mild hyponatrae-albumin concentration. To ensure that the hyponatraemia
was of significant degree, cases were included only if the mia prior to commencing the medication (128–

129 mmol l−1) which worsened whilst on fluoxetine andlowest plasma sodium concentration was less than
130 mmol l−1 (reference range 134–146 mmol l−1). The partially resolved on discontinuation of the drug. All

patients recovered from the complication after stoppingtime from starting the drug to development of hyponatrae-
mia was approximated by noting the date of the first the medication. No patients were rechallenged with

the drug.recorded low plasma sodium concentration. The time to
resolution of hyponatraemia after stopping the drug The incidence of hyponatraemia due to SSRI antide-

pressant use in the study population was 4.7 cases/1000was noted.
Each case identified as ‘definite’ or ‘probable’ was people treated/year. The incidence with fluoxetine alone

was 6.3/1000/year. The three cases of hyponatraemia inmatched with four randomly selected control patients
drawn from the same denominator population. Controls people taking paroxetine over the shorter study period

for this drug resulted in an incidence of 3.5had to satisfy the following criteria:
1. They must have been taking a SSRI antidepressant cases/1000/year.
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Table 1 Demographic, medication and plasma sodium details of the cases.

Time until Lowest
Age Weight Dose Case hyponatraemia plasma sodium Regular oral medication

Sex (years) (kg ) Drug (mg) likelihood detected (days) concentration (mmol l−1) (and total daily dose)

1 F 81 50 Fluoxetine 20 Definite 12 120 ranitidine 600 mg,
nortriptyline 20 mg,
prednisone 7 mg

2 F 78 44 Fluoxetine 20 Definite 6 113 moclobemide 150 mg,
oxybutinin 2.5 mg

3 F 79 74 Fluoxetine 20 Probable 5 128 labetalol 300 mg,
enalapril 30 mg,
prochlorperazine 15 mg

4 M 73 62 Fluoxetine 20 Definite 11 129 clonazepam 2 mg,
diclofenac 150 mg

5 F 87 46 Fluoxetine 40 Definite 7 127 digoxin 0.0625 mg,
captopril 50 mg,
frusemide 20 mg,
piroxicam 20 mg

6 F 79 45 Fluoxetine 10 Probable 16 122 phenytoin 200 mg,
isosorbide mononitrate 60 mg
zopiclone 7.5 mg

7 F 78 57 Fluoxetine 20 Definite 15 127 Nil
8 M 86 47 Fluoxetine 20 Definite 15 129 Nil
9 F 76 37 Fluoxetine 20 Definite 64 125 Nil

10 F 73 60 Fluoxetine 20 Definite 23 127 aspirin 300 mg,
bendrofluazide 2.5 mg,
enalapril 10 mg,
diclofenac 50 mg

11 M 77 72 Paroxetine 20 Definite 60 126 frusemide 40 mg,
enalapril 5 mg

12 F 90 45 Paroxetine 10 Definite 4 126 ranitidine 300 mg,
lorazepam 0.5 mg,
indapamide 2.5 mg

13 M 87 60 Paroxetine 10 Definite 15 110 oxybutinin 5 mg,
aspirin 150 mg,
allopurinol 100 mg,
lorazepam 0.5 mg

14 F 83 43 Fluoxetine 20 Definite 7 129 Nil
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Hyponatraemia was detected at a mean of 18.6 days, a remained the significant factor which distinguished the
cases from the controls (Table 3).median of 13.5 days and a range of 4–64 days after

commencing the drug. Seventy-nine percent of cases
occurred within the first 3 weeks of treatment.

Discussion
Differences between cases and controls are shown in

Table 2. Cases had lower body weights compared with These results indicate that hyponatraemia is a significant
complication of treatment with SSRI antidepressants incontrols (P<0.01). The dose of drug was not significantly

different between cases and controls but the dose per elderly people occurring in this population at an incidence
of 4.7 cases/1000/year. It occurred in the majority ofkilogram of body weight tended to be higher in cases

(P=0.07). There were trends for cases to be female (P= cases (79%) within the first 3 weeks of treatment and in
all cases within 10 weeks.0.07) and to be to older than controls (P=0.09).

Serum creatinine was slightly, but not significantly, The incidence of 4.7/1000/year applies to a group of
elderly people with active medical problems. Ourlower in cases than controls. Because of lower body

weights in the cases, the calculated creatinine clearance calculated incidence rate was derived by systematically
identifying all possible cases within a defined population.was slightly, but not significantly, lower in cases than

controls. There was no difference between cases and This contrasts with a published rate in people aged 65
years or over of 1.35/1000/year which was derived fromcontrols in serum albumin or concomitant medications

although there was a trend towards cases to be less likely spontaneous reports to an intensive medicines monitoring
scheme over a 4 year period [3]. We would suggest thatto take frusemide (P=0.08).

There was significant co-variation between gender and the higher rate of 4.7/1000/year seen in our series is
more accurate as most of the cases in our series were notweight with women being lighter than men. Following

multiple logistic regression, weight, rather than gender, notified to a central monitoring agency. We are not

Table 2 Univariate comparison of cases
with controls.Case Control P

n 14 56
Age (years) 80.5 76.6 0.09

(77.5–83.6) (74.5–78.8)
Weight (kg) 53.0 64.5 <0.01

(46.5–59.5) (60.1–68.4)
Female 10 25 0.07

(71%) (45%)
Dose (mg) 19.3 18.9 NS

(15.1–23.5) (17.6–20.3)
Dose/body weight (mg kg−1) 0.38 0.31 0.07

(0.28–0.48) (0.28–0.34)
Plasma creatinine (mmol l−1) 0.076 0.094 NS

(0.064–0.089) (0.084–0.105)
Calculated creatinine clearance 0.81 0.94 NS

(ml s−1) (0.64–0.98) (0.84–1.05)
Plasma albumin (g l−1) 41.2 41.6 NS

(39.6–42.9) (41.1–42.1)
Concomitant frusemide 2 22 0.08

(14%) (39%)
Concomitant ACE inhibitor 4 15 NS

(29%) (27%)
Concomitant NSAIDs 3 6 NS

(21%) (11%)
Concomitant thiazide diuretic 2 4 NS

(14%) (7%)
Concomitant benzodiazepines 3 22 NS

(21%) (39%)
Concomitant major tranquilliser 1 4 NS

(7%) (7%)

Results are means with 95% confidence intervals in brackets where applicable.
NS=P>0.1.
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Table 3 Multivariate comparison of
cases with controls. Parameter Odds ratio 95% confidence intervals P

Age 1.10 1.23–0.99 0.09
Weight 0.92 0.86–0.99 0.04
Sex 0.50 0.11–2.24 NS
Creatinine clearance 5.2 0.38–70.4 NS

aware of any other estimates of the incidence rate of this 20 mg or 40 mg) so the difference between cases and
controls in dose/body weight was not pronounced. Thecomplication. Our calculated incidence rate may be an

underestimate because some people included in the findings would support a dose-response component to
the relationship between drug use and hyponatraemiadenominator population may have been taking an SSRI

antidepressant for a short time. They may not, therefore, although there is also an idiosyncratic component. The
observation that advanced age may be a risk factor ishave had sufficient time to develop complicating hypona-

traemia. In addition, some people within the denominator likely to be underestimated in our series as it is difficult
to detect trends with age within a population alreadypopulation may not have had their plasma sodium

concentration closely monitored. These limitations were defined by age.
Hyponatraemia complicating diuretic use has been wellovercome in the case-control part of our study which

looked for risk factors, but a case-control method does described [13, 14]. This includes some cases occurring in
people taking SSRI antidepressants [15]. In the vastnot allow for an estimation of incidence.

The difference in incidence rate between fluoxetine majority of cases, the hyponatraemia is associated with
thiazide diuretics [13]. Frusemide rarely causes this(6.3/1000/year) and paroxetine (3.5 cases/1000/year)

should be interpreted cautiously as there was greater use complication [16] and, indeed, has been used successfully
to raise the serum sodium in SIADH [17]. The trendof fluoxetine overall and the paroxetine rate was based

on only three cases. seen in our study where cases were less likely than
controls to be taking frusemide could indicate that loopThe largest review of reported cases of hyponatraemia

complicating use of SSRI antidepressants recorded 736 diuretics may have protected some of our cases from this
complication. Frusemide was taken as treatment for heartcases. These were derived from spontaneous reports,

published cases and post-marketing surveillance. failure. It is therefore impossible to separate an effect of
frusemide from an effect of controlled heart failure.Fluoxetine accounted for 75.3% of cases and paroxetine

for 12.4% [4]. The median time to onset was 13 days Patients with uncontrolled heart failure were excluded as
cases or controls.(range 3 to 120 days). In the 546 cases where age was

given, 75.1% occurred in people aged 65 years and over. Angiotensin converting enzyme inhibitors [18] and
non-steroidal inflammatory drugs [19] are also risk factorsIn the 588 cases where gender was stated, 75.5% occurred

in women [4]. Our case series is remarkably similar: 78% for hyponatraemia, especially in the elderly. We were
unable to detect any relationship between use of theseinvolved fluoxetine, the median time to onset was 13.5

days and 71% were women. All people in our denomi- drugs and SSRI antidepressant-induced hyponatraemia,
and no trends were evident.nator population, and therefore numerator population,

were aged 65 years or over. Thus, despite our cases being Reports to the World Health Organisation (WHO) of
adverse drug reactions for SSRI antidepressants (fluoxet-identified retrospectively, it is reassuring that they seem

typical of other reported cases. ine, paroxetine, sertraline, fluvoxamine, citalopram),
amitriptyline, nortriptyline and carbamazepine are shownUnlike previous case series, our study is the first to

have made comparisons with controls. Ideally, a large in Table 4. Compared with amitriptyline or nortriptyline,
SSRI antidepressants have a higher proportion of allprospective study should be undertaken, but we believe

this study is an important first step in identifying risk adverse reactions due to SIADH or hyponatraemia. The
rate is closer to that of carbamazepine, perhaps the drugfactors more objectively.

Uncontrolled case series have postulated that women most well known for being associated with SIADH. This
could mean SSRI antidepressants are more likely to causeare at greater risk of hyponatraemia [3–5, 12]. Our data

also suggested this but, following multiple logistic SIADH than tricyclic antidepressants or that tricyclic
antidepressants are more likely to cause side effects otherregression, we found this to be confounded by low body

weight. Low body weight therefore, rather than female than hyponatraemia.
Comparisons by age and sex, where these weregender, is the greater risk factor for hyponatraemia

complicating SSRI antidepressant use. There was a reported to the WHO, are shown in Table 5. It can
be seen that, for people aged 70 years and over,limited range of daily doses used in our series (10 mg,
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Table 4 Adverse drug reactions reported
to the World Health Organisation to
July 1998.

SIADH or
All adverse SIADH or hyponatraemia as a %

drug reactions hyponatraemia of all adverse reactions

Fluoxetine 40,325 821 2.0%
Paroxetine 14,226 400 2.8%
Sertraline 9,776 219 2.2%
Fluvoxamine 4,791 30 0.6%
Citalopram 1,670 48 2.9%
Total 70,788 1518 2.1%

Amitriptyline and 7,723 59 0.8%
nortriptyline

Carbamazepine 17,575 594 3.4%

Source: WHO database—personal communication: P Pillans and J Ashton, Centre for Adverse
Reaction Monitoring, National Toxicology Group, Dunedin School of Medicine, New
Zealand.

Table 5 Adverse drug reactions from
SSRI antidepressants* reported to the
World Health Organisation to July 1998
where age and sex were recorded.

Age Gender
<70 years ≥70 years Male Female

SIADH or hyponatraemia 382 871 311 942
Other adverse reactions 41,929 5,587 14,668 32,848
All adverse reactions 42,311 6,458 14,979 33,790

SIADH or hyponatraemia as a 0.9% 13.5% 2.1% 2.8%
% of total adverse reactions

P (chi-square test) <0.001 <0.001

*Fluoxetine, paroxetine, sertraline, fluvoxamine and citalopram.
Source: WHO database—personal communication: P Pillans and J Ashton, Centre for Adverse
Reaction Monitoring, National Toxicology Group, Dunedin School of Medicine, New
Zealand.

hyponatraemia or SIADH as an adverse reaction were should remain a high degree of suspicion if an elderly
person of low body weight develops symptoms consistentvastly over-represented compared with younger people.

Similarly hyponatraemia or SIADH were disproportion- with hyponatraemia whilst taking a SSRI antidepressant.
ately present in women. These findings do not incorporate

This study was undertaken as a summer student project anda denominator population of people who did not
received financial assistance from the Canterbury Health Care forexperience an adverse event and therefore cannot be used
the Elderly Education Trust. We are grateful to Dr Chris Framptonto estimate risk.
for statistical advice and to Dr Peter Pillans and Ms Janelle Ashton

Our findings, and the WHO data, are consistent with for their assistance in providing the WHO data.
reduced weight and/or increased age as being important
risk factors. These risk factors could both act by causing
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