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Lithium treatment, nephrogenic diabetes
insipidus and the risk of hypernatraemia:
a retrospective cohort study

Michael Ott

Abstract

, Bjorn Forssén and Ursula Werneke

Background: Hypernatraemia is a serious condition that can potentially become life
threatening. It is known that lithium is associated with polyuria and nephrogenic diabetes
insipidus, risk factors for hypernatraemia. In this study, we tested the hypothesis that lithium

treatment was a risk factor for hypernatraemia.

Methods: We performed a retrospective cohort study in the Swedish region of Norrbotten
into the effects and potential adverse effects of lithium treatment and other mood stabilizers
(LiSIE). For this particular study, we included all patients who had experienced at least one
episode with a sodium concentration =150 mmol/L between 1997 and 2013. Medical records
were reviewed regarding past or current lithium exposure, diabetes insipidus and other

potential risk factors for hypernatraemia.

Results: Of 2463 patients included, 185 (7.5%) had experienced 204 episodes of
hypernatraemia within the 17-year review period. In patients 65years or older, infections
dominated as the cause with 51%. In patients younger than 65years, intoxications, particularly
with alcohol, dominated as the cause with 35%. In the whole sample, dehydration accounted
for 12% of episodes, 25% of which in the context of suspected or confirmed nephrogenic
diabetes insipidus. Of all episodes, 25% resulted in death, with infection being the most

common cause of death in 62% of cases.

Conclusions: In our sample, infections and harmful use of substances including alcohol were
the most common causes of hypernatraemia. Both current and past use of lithium also led to
episodes of hypernatraemia, when associated with nephrogenic diabetes insipidus. Clinicians
should remain vigilant, have a low threshold for checking sodium concentrations and consider
even risk factors for hypernatraemia beyond lithium.
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Introduction

Lithium remains the first-line maintenance treat-
ment for bipolar affective disorder (BPAD).! It is
also used as augmentation of antidepressant med-
ication and as a mood stabilizer in the treatment
of schizoaffective disorder. Only recently has lith-
ium been endorsed as superior in the prevention
of suicide and severe affective episodes.?> Yet,
despite its therapeutic superiority and versatility,
adverse effects limit lithium use in clinical prac-
tice. Over half of all patients may discontinue

lithium at some time, and adverse effects are the
most common reason for discontinuation.*

Lithium is associated with an increased risk of loss
of renal function.>® Whereas glomerular damage
appears only after years of lithium treatment, tubu-
lar dysfunction may emerge within weeks after lith-
fum initiation.” Tubular dysfunction leads to urine
concentration deficits and subsequently polyuria.
Later on, this may progress to nephrogenic diabetes
insipidus (NDI),® where tubular cells have lost
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their ability to respond to vasopressin [antidiu-
retic hormone (ADH)]. Up to 20—40% of patients
treated with lithium may experience NDI.%° It
remains unclear whether NDI is reversible once
lithium has been stopped.

In the context of polyuria associated fluid imbal-
ances and NDI, the risk of hypernatraemia may
increase. Hypernatraemia occurs if more free water
is lost than taken in. Hypernatraemia can develop
into a serious or even life-threatening condition, if
not treated quickly and appropriately.!® Even mild
hypernatraemia can be associated with increased
morbidity and mortality.!! Hypernatraemia can
initially present with many unspecific symptoms,
such as lethargy, weakness and irritability.
Symptoms can then progress to muscle twitching,
seizures and coma.!2 Hence, the condition can be
easily missed, unless a blood test is taken. For
instance, clinicians may mistake hypernatraemia-
associated changes in mental status for signs of
psychiatric deterioration. Other symptoms, such
as dry mouth, hypertension or oedema can occur
in the context of many psychotropic medications
and not just lithium. Thus, for mental health pro-
fessionals, it is important to be aware of hyper-
natraemia and identify factors that can increase
the risk.13:14

The aims of this study were (1) to determine the
frequency of hypernatraemia episodes, (2) to
assess the potential association with past and pre-
sent lithium exposure and (3) to evaluate the
fatality rate of hypernatraemia episodes.

Procedure

We collected the data as part of a retrospective
cohort study (LiSIE) into the side effects and
effects of lithium treatment as compared with
other mood stabilizers for the maintenance treat-
ment of affective disorders. The Regional Ethics
Review Board at Umed University, Sweden,
approved this study (DNR 2010-227-31M, DNR
2011-228-32M, DNR 2014-10-32M). Participants
provided informed verbal consent. In accordance
with the ethics approval granted, no consent was
obtained for deceased patients. We have summa-
rized the whole method in a Strobe checklist
(Appendix 1 in the supplemental material).

Participants
For LiSIE, we identified all patients in the
Swedish region of Norrbotten, who were at least

18years of age and who had been either diag-
nosed with BPAD (F31) or schizoaffective disor-
der (F25) irrespective of mood stabilizer use. We
also included patients who had been prescribed
lithium as a mood stabilizer for other affective
disorders. We considered all patients who had
consented, or who we were approved to include
because they had deceased. The study covered a
17-year period from 1997 to 2013. For this par-
ticular study, we included all patients who had
experienced at least one episode with a sodium
concentration =150 mmol/L as identified in our
central laboratory database, where all sodium
concentrations were stored. We then reviewed
the medical record of all eligible patients and sys-
tematically abstracted all data obtained into a
database.

Variable definitions

Hypernatraemia. We considered hypernatraemia
to be clinically significant when it was at least
moderate with a serum sodium concentration of at
least 150mmol/L.!> For each episode, we deter-
mined whether the hypernatraemia was an iso-
lated incident or persistent: hypernatraemia was
defined as an isolated incident if sodium concen-
trations had been normal within 3 months prior to
the current episode or persistent if abnormal con-
centrations had existed for more than 3 months
prior to the current hypernatraemia episode.

Cause of hypernatraemia. For each episode, we
elicited the main cause of clinically significant
hypernatraemia as recorded in the case records.
This was our main outcome variable. Causes were
divided into cerebrovascular diseases, cardiovas-
cular failure, dehydration, NDI, infection, inflam-
mation, harmful use of alcohol or substances,
lithium intoxication, medication, malignancy,
hyperglycaemia, renal failure, other or unknown.
All episodes were also evaluated for sex, age,
treatment provider, underlying mental health
problem, treatment, nonpsychiatric comorbidi-
ties, surgery, neurologic symptoms, use and
length of lithium treatment, laboratory results
and outcome of the hypernatraemia episode. As a
secondary outcome variable, we examined the
fatality rate associated with the hypernatraemia
episodes identified.

Lithium exposure. For each hypernatraemia epi-
sode, we checked whether the patient had been
treated with lithium currently or in the past. Lith-
ium exposure was determined by the presence of

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp

M Ott, B Forssén et al.

at least one blood lithium concentration >0.2mmol/L
recorded in our central laboratory database.

NDI. We also evaluated NDI as a major contribut-
ing factor for hypernatraemia. Here, we consid-
ered both confirmed and suspected NDI. NDI
was considered confirmed when either the diag-
nosis had been established or urine osmolality
was inadequately low in relation to plasma osmo-
lality or suspected when polyuria and/or polydip-
sia (polyuria—polydipsia complex) was explicitly
recorded in the medical records.

Control for bias

In accordance with the ethical approval granted, we
controlled for selection bias in the whole retrospec-
tive cohort study, comparing age, sex, maximum
recorded lithium and creatinine concentrations as
key parameters, available in anonymized form. We
did not find any difference between participating
and nonparticipating patients.

Data collection and analysis

The clinical information was abstracted and rated
by two investigators, a specialist in general prac-
tice and senior trainee doctor in psychiatry (BF)
and/or a consultant physician and specialist in
internal medicine and nephrology (MO). All data
was anonymized before analysis. We first analysed
the data descriptively. We compared episodes of
hypernatraemia stratified by age and lithium treat-
ment status, using X2 test. We assessed the corre-
lation between hypernatraemia and age by linear
regression.

We evaluated risk factors for fatal outcome by uni-
variate analysis. To account for potential con-
founders, we then conducted a logistic regression
analysis, entering variables in a stepwise backward
fashion. For all analyses, differences were consid-
ered statistically significant with a p value of <
0.05. We used Microsoft Excel 2010 version 14.0
(Microsoft, Redmond, WA, USA) and Statistical
Package for the Social Sciences, SPSS 18.0 (SPSS
Inc., Chicago, IL, USA).

Results

For this study, 3735 patients were potentially eli-
gible. Of these, we could include 2596 patients
according to our consent procedures. Sodium
concentrations were available for 2463 patients.
Of these, 185 (7.5%) patients had experienced

sodium concentrations of =150mmol/LL on at
least one occasion during the 17years of review
(Figure 1). For these patients, we identified 204
episodes of hypernatraemia. A total of 11 (5.9%)
patients had more than one episode of hypernatrae-
mia. Four patients had three or more episodes.

Sample characteristics

Men and women accounted for approximately
the same number of episodes. The mean age per
episode was 63.4 [standard deviation (SD) 18.9]
and the median 69 years. The age ranged from 19
to 93 years. A total of 59% of episodes related to
patients aged 65years or older. In 42% of epi-
sodes, patients had been exposed to lithium at
some point, either currently (28%) or in the past
(14%) (Table 1).

Data completeness

For the main outcome variable concerning the
cause of hypernatraemia, data was missing for 8%
of episodes. There was no significant difference
regarding age and sex between episodes with
available and missing data. For the secondary
outcome, fatality associated with the hypernatrae-
mia episode, the data was complete.

Features of the hypernatraemia episodes

The vast majority of episodes were detected dur-
ing treatment in a medical or surgical hospital
facility. Only 11% were diagnosed in a psychiatric
setting. The mean highest sodium concentration
was 157.4 (SD 8.5) mmol/L. with a median of
154mmol/L. A total of 12% of episodes had
sodium concentrations of 170 mmol/L. or more
(Table 2). The highest sodium concentration
recorded was 186 mmol/L. The highest sodium
concentrations measured correlated significantly
with age (p < 0.01) (Figure 2).

Causes for hypernatraemia

For 92% of episodes, we could establish the cause
of hypernatraemia from the medical records. For
the whole sample of 204 episodes, infection was
the dominating cause, accounting for 37% of all
episodes. Intoxications other than lithium came
second with 15%. Dehydration accounted for
12% of episodes, 25% of which had occurred in
the context of suspected or confirmed NDI.
Lithium intoxications only accounted for 1% of
all the hypernatraemia episodes.
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Patient having a diagnosis of either bipolar disorder, schizoaffective disorder
OR depression and having received lithium treatment at some time during
1997-2013:
n=3735

!

Potentially eligible patients
n=3165

)

Non-contactable patients
n=570

A 4

Patients screened for
hypernatraemia

n=2596

I

or withdrawing consent)
n =569

A 4

Patients with available sodium
measurements

n=2463

!

Patients without sodium
measurements

n=133

{ Excluded patients (withholding

)

Patients with highest
S-Na < 150 mmol/L

n=2278

— \ J N N/

Patients with S-Na =150 mmol/L: n = 185
Episodes with S-Na 2150 mmol/L: n = 204

S-Na: serum sodium concentration

Figure 1. Selection of study sample.

Causes of hypernatraemia according to age. In
patients aged 65years or older, infections domi-
nated with 51% of all episodes. Dehydration
accounted for 10% and suspected or confirmed
NDI for 3% of episodes. Intoxications were negli-
gible. However, in patients younger than 65 years,
intoxications were the most common cause of
hypernatraemia with 35% of all episodes. In this
group, 77% of intoxications involved alcohol,
either on its own or in combination with tablets.
Infection came second with 18.4%. Dehydration
accounted for 7% and suspected or confirmed
NDI for 4% of episodes (Figure 3).

Lithium exposure and NDI. For 6 of the 204 epi-
sodes, NDI was explicitly diagnosed and
recorded in the patients’ journals. However,
based on the information found in the patients’
records, NDI was suspected in 27 further

episodes. Thus, even if not considered the main
cause, NDI or substantial polyuria had been
present in 16% of all hypernatraemia episodes.
A total of 35.1% of hypernatraemia episodes
occurred in the context of current lithium treat-
ment were associated with suspected or con-
firmed NDI. In the context of past lithium
treatment, 25.9% episodes were also associated
with suspected or confirmed NDI. However,
only 5% episodes occurring in patients never
exposed to lithium were associated with sus-
pected or confirmed NDI. Episodes with con-
firmed or suspected NDI were significantly
associated with current lithium exposure com-
pared with no lithium exposure ever (odds ratio
(OR) = 10.3; 95% confidence interval (CI):
3.8-27.5, p < 0.01). Episodes with confirmed
or suspected NDI were still associated with
past lithium exposure compared with no lithium
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Table 1. Baseline characteristics. Table 1. (Continued)

LiSIE study cohort (n = 2596) n (%) Episodes with hypernatraemia n (%)
. . (n = 204)
Diagnosis
Maximum serum Na during episode
Bipolar affective disorder 1566 (60.3)
(BPAD) or schizoaffective 150-159 mmol/L 147 (72.1)
disorder
160-169 mmol/L 32 (15.7)
Depression/other/unclear 1030 (39.7)
=170 mmol/L 25(12.3)
Lithium treatment in subgroup
(BPAD) or schizoaffective Lithium treatment
disorder
Current 57 (27.9)
Never 693 (44.2)
Past 27 (13.2)
Ever (past and/or current) 873 (55.8)
Never 120 (58.8)
Patients with hypernatraemia n (%)
(n = 185) Total time on lithium treatment
Sex Never 120 (58.8)
Male 88 (47.6) <1year 11 (5.4)
Female 97 [524] >1 year and <5years 5 [25]
Diagnosis >5years 65(31.9)
BPAD 82 (44.3) Unknown time on Lithium 3(1.5)
Schizoaffective disorder 16 (8.6) Residence
Depression 77 (41.6) Yame 114 (55.9)
Other/unclear 10 (5.4) Residential or inpatient facility 81(39.7)
Lithium treatment unknown 9 (4.4)
Never 108 (58.4)
Ever (past and/or current) 77 (41.6) exposure ever (OR = 6.7; CI: 2.0-21.8, p <
' o 0.01). The odds of having an episode with con-
Diabetes insipidus firmed or suspected NDI were nine times greater
No 161 (87.0) for lithium exposure =5years compared with
' lithium exposure <5years (OR = 9.4; CI: 1.2—
Definite or suspected 24 (13.0) 75.4, p < 0.05).
Diabetes mellitus Persistence of hypernatraemia. In 86.8% of all
No 157 (84.9) episodes, the hypernatraemia was an isolated inci-
dent.The hypernatraemia was persistent in 13.2%
Yes 28 (15.1) of all episodes. Hypernatraemia was persistent in
B e —— n (%) two—thlrcés Ii)IfD eIplsodes associated with definite or
(n = 204) suspecte .
Age at episode Fatality. A total of 50 (25%) episodes resulted in
84 141.2) death. The leading cause of death was infections
Age < 65years : with 62%. Confirmed or suspected NDI accounted
120 (58.8) for 12% of all deaths. There were many potential

Age = 65years

risk factors for a fatal outcome. On univariate
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Table 2. Factors that may increase risk of death in analysis, in which each risk factor was assessed on
the context of hypernatremia. its own merit, older age and residential care were
significantly associated with death (Table 2).

Univariate analysis

Od‘_’s ?5% confidence On stepwise logistic regression, age remained the
ratio interval only variable significantly associated with death.

Sex Individuals 65years or older were more likely to
. die of hypernatraemia than individuals aged
Male (baseline) 65years or less (OR = 4.1; CI: 1.9-9.2; p <
Female 1.0 0.5-1.8 0.01). Severity of hypernatraemia was not asso-
Age, years ciated with death. Residence lost its significance
’ in the multivariate model, because older people
<65 (baseline) were more likely in residential facilities.
=65 3.7** 1.7-7.9
Maximum serum Discussion
Na during episode Whereas sodium gain is a possible cause in differ-
[mmol/L] ent iatrogenic settings, deficit of free water is the
150-159 (baseline) main reason for hypernatraemia in general.
Impaired water intake, water losses or a combina-
160-169 1.4 0.6-3.3 tion thereof often lie behind high serum sodium
=170 20 0.8-5.0 concentrations. Apart from the apparent causes
of dehydration, such as gastroenteritis or fever,
Diabetes mellitus medicines often are the reason that water is lost.

Diuretics are widely used, but water losses even
may occur through acquired diabetes insipidus,
Yes 1.4 0.6-2.9 both central and renal (Table 3).

Diabetes insipidus

No (baseline)

Episodes of hypernatraemia occur in the context
of lithium exposure, but infections and harmful
Confirmed or 0.6 0.2-1.7 use of substances including alcohol were more
suspected common. Of all psychotropic medicines, lithium
is most likely to lead to polyuria and NDI, main
risk factors for hypernatraemia. One study in
55 elderly patients found a lithium-associated

No (baseline)

Current lithium
treatment (n = 204)

No (baseline) hypernatraemia of =150mmol/L in 11%. In this
Yes 11 0.6-2.3 study, the hypernatraemia risk was 3% in patients
who were treated concurrently with antidepres-
Ever exposure to sants and 25% in patients who were not.!°
lithium [n = 201) However, at population level, other reasons for
Never (baseline) hypernatraemia may be much more common. In
our study, infections were the main reason for
ypernatraemia in older patients. Intoxications,
>1 year and 4.7 0.8-29.6 particularly those involving alcohol, were the main
<5years reason for hypernatraemia in younger patients.
>5years 1.0 0.5-2.1
Place of residence Assessing the risk of hypernatraemia in

patients with severe affective disorders

Mental health professionals need to bear in mind
Residential or 2.3*% 1.2-4.5 that although lithium treatment is a ‘classical’
inpatient facility risk factor for dehydration, there are other risk
factors as well. Thus, hypernatraemia should be
excluded as a differential diagnosis in any patient

Home (baseline)

*p < 0.05; **p < 0.01.
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Figure 3. Causes of hypernatraemia according to age at episode.

*p < 0.05.

experiencing an unexpected mental status change.
In particular, older patients may be at risk.1®
Psychiatrists working in acute or addiction services
may encounter hypernatraemia in patients pre-
senting acutely intoxicated. Psychiatrists working
in liaison settings are likely to see hypernatraemia
in a variety of medical conditions. Our findings
suggest that clinicians should be particularly vigi-
lant in the context of infections. We also recom-
mend careful review of the medical chart since
there are several agents apart from lithium that
can raise sodium concentrations?!? (Table 3).
Acute hypernatraemia can present with dramatic

symptoms, such as lethargy, seizures, weakness,
irritability and coma. Persistent hypernatraemia
states may present with much fewer symptoms if
any.!” This can make persistent hypernatraemia
difficult to diagnose and justifies a low threshold
for requesting sodium concentrations.

Alcohol intoxication and the risk of
hypernatraemia

In our study, acute alcohol intoxication was the
most common cause for hypernatraemia in patients
younger than 65 years old. These findings are in line

journals.sagepub.com/home/tpp
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Table 3. Substances associated with hypernatraemia
by means of water loss (adapted from Liamis et al.'®
and Garofeanu et al.”).

Renal water losses via nephrogenic diabetes
insipidus

Some antibiotics such as aminoglycosides,
demeclocycline, netilmicin, ofloxacin, penicillin
derivatives, rifampicin, streptozocin

Some antivirals such as cidofovir, foscarnet,
indinavir, and tenofovir

Some antineoplastics such as
cyclophosphamide, ifophosphamide,
methotrexate, vinblastine

Vasopressin V2 receptor antagonists (-vaptans)
such as tolvaptan, conivaptan

Amphotericin B
Colchicine
Lithium
Mesalazine
Methoxyflurane
Orlistat
Pimozide
Dopamine
Renal water losses via central diabetes insipidus
Phenytoin
Ethanol
Renal water losses via diuretic effects
Loop diuretics
Osmotic diuretics
Corticosteroids

Gastrointestinal water losses

Osmotic laxatives such as sorbitol, lactulose

with other,10:18:19 glthough estimates vary widely. In
an Austrian study of 161 patients admitted for
acute alcohol intoxication to the emergency depart-
ment, 41% patients had sodium concentrations
>145mmol/L..1° In a Finnish study of 196 patients
treated for acute alcohol intoxication, hypernatrae-
mia was present in 15% patients.!® Alcohol associ-
ated hypernatraemia occurs secondary to alcohol

induced polyuria. The reasons why alcohol induces
polyuria are still not fully understood. However,
alcohol can reduce vasopressin secretion from the
posterior pituitary gland,?® causing central diabetes
insipidus.

Assessing the risk of hypernatraemia in

patients with current or past lithium exposure
Polyuria and polydipsia are common adverse
effects of lithium treatment.* NDI with polyuria
as primary disturbance occurs when the distal
renal tubular cells become impaired in their abil-
ity to respond to vasopressin and reuptake water
through aquaporines.® Estimates for the preva-
lence of polyuria and renal diabetes insipidus
vary widely. Up to 70% patients treated with
lithium may experience urine concentration
deficits.?! Up to 40% may experience NDI.8
Hypernatraemia can occur, when patients with
lithium treatment have developed urine concen-
tration deficits and lose more water than they
actually take in. For instance, this can happen in
the context of an acute infection, surgical inter-
ventions, excessive sweating when changing to a
warmer climate or increased concentrations of
exercise. It still remains unclear how far NDI is
reversible once lithium has been discontinued.
This question has not been investigated in recent
years. NDI reversibility may depend on length of
treatment. Long-term lithium treatment may
render NDI irreversible.”22 However, it remains
less clear what happens after intermediate lith-
ium exposure. Grandjean et al.?? suggest that
NDI is ‘usually’ reversible after lithium treat-
ment up to 6 years. Garofeanu et al.” pooled data
from several studies of patients who had been
treated with lithium for a mean of 8 years and
who had developed NDI. In 5% of all cases, NDI
was reversible and in 25% partially reversible. In
the remaining 70% cases, NDI persisted. Our
study also suggests that lithium associated NDI
may not be reversible in all cases. We found
hypernatraemia episodes with confirmed or sus-
pected NDI not only associated with current but
also with past lithium use. We could also endorse
a time trend: length of lithium exposure increased
the likelihood of suspected or definite NDI.
Despite a high prevalence of NDI in patients tak-
ing lithium, tubular function is not routinely
assessed in clinical practice. Checking urine
osmolality, plasma osmolality and daily urine
output could improve the detection rate of NDI,
thereby reducing a lithium-specific risk factor for
hypernatraemia.
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Lithium intoxication

As dehydration leads to prerenal impairment of
the kidney function, we had expected to find an
association between hypernatraemia episodes and
lithium intoxications. However, in our study,
there were only two patients in whom lithium
intoxication was thought to have caused the
hypernatraemia episodes. This ties in with our
previous study of 91 episodes of severe lithium
intoxications in the same cohort, in which only
one patient was found to have a high sodium con-
centration.!? As the symptom of lithium intoxica-
tion and hypernatraemia overlap, we recommend
taking both lithium and sodium concentrations
when faced with unexpected mental and somatic
status changes.

Fatality rate associated with hypernatraemia
Recognising hypernatraemia early is important
because it carries substantial mortality. In our
study, 25% of hypernatraemia episodes resulted
in death. After adjusting for confounders, age was
the only significant risk factor for a fatal outcome.
There was no difference in fatality rate in patients
who were taking lithium at the time of the hyper-
natraemia episodes and those who were not. A
survey of 256 patients presenting to an emergency
department with  sodium  concentrations
>160mmol/L found an even higher fatality risk;
about half of all patients died. In this study,
patients had a mean age of 74 years.23 In intensive
care, fatality rates between 30% and 50% are
reported.?* This confirms the importance of pro-
actively taking sodium concentrations in patients
who present acutely to psychiatric emergency
departments.

Strength

As we had access to medical records over a period
of 17years, we could conduct a comprehensive
in-depth assessment of the clinical data, labora-
tory findings and clinical outcome to determine
the cause of the hypernatraemia. Access to medi-
cal records allowed validation of clinical data
beyond what is possible in register studies. A fur-
ther strength was the high rate of consent for par-
ticipation into the study. As age and sex
distribution of consenting or not consenting
patients was similar, the likelihood of selection
bias was low. To the best of the authors’ knowl-
edge, this is the largest study ever conducted on
this topic.

Limitations

LiSIE was designed to provide an in-depth analysis
of clinical records to avoid association bias that can
occur with nonvalidated data from register studies.
LiSIE was also designed to focus on rare but
potentially dangerous adverse effects of lithium
treatment. To increase the sample of patients with
current or past lithium exposure, we not only
included patients with BPAD or schizoaffective
disorder, but also depressed patients treated with
lithium. For patients with BPAD or schizoaffective
disorder, we included both patients having and not
having been exposed to lithium. For patients with
depression, we did not include a control group of
patients without lithium treatment, because
recruiting all other depressed patient in our catch-
ment area would not have been practically feasible.
As this may lead to an overestimation of lithium
associated adverse effects, we have not reported
incidence figures here. Instead the starting point of
this study was hypernatraemia episodes, which
were then analysed in detail.

There were only 15 urine osmolality samples and
no plasma osmolality samples available. Thus,
diagnosis of suspected NDI had to rely solely on
the documentation of polyuria—polydipsia com-
plex in the medical records. Patients with psycho-
genic polydipsia or excessive fluid intake due to
xerostomia can also present with a polyuria—poly-
dipsia complex, clinically indistinguishable from
NDI. This may have led to an overestimation of
the NDI prevalence. In NDI, polydipsia is a con-
sequence of polyuria. Primary polydipsia, for
instance psychogenic polydipsia, however, usu-
ally leads to hyponatremia and is unlikely to cause
hypernatraemia.

There may have been concomitant treatments
modifying the risk of hypernatraemia. For
instance, diuretics may lead to dehydration and
increase the risk of hypernatraemia. Anti-
depressants on the other hand, for example, selec-
tive serotonin reuptake inhibitors (SSRI) and
tricyclic antidepressants (TCA), may decrease the
risk of hypernatraemia through inappropriately
increased vasopressin secretion (SIADH).!® We
could not assess the use of fluid management,
because this was only reported inconsistently.

Conclusion
In our study, infections and harmful use of
substances including alcohol were the most
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common causes of hypernatraemia. Both condi-
tions increase the risk of water depletion. Water
depletion may occur more quickly in the context
of NDI. Lithium use is associated with an
increased risk of NDI. Clinicians should remain
vigilant, have a low threshold for checking
sodium concentrations, and consider even risk
factors for hypernatraemia beyond lithium.
Patients treated with lithium should be edu-
cated about diabetes insipidus, the risk of hyper-
natraemia and the importance of adequate fluid
intake.
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