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Objectives: Three studies have reported a seasonal variation in lithium
serum levels, with higher levels during summer. Our objective was to
investigate the impact of actual environmental temperature on lithium
serum levels.
Methods: A retrospective study was conducted using available records
of lithium serum levels for the period between January 1995 and July
2004, obtained from three large teaching hospitals in The Netherlands.
Lithium serum levels were linked to season and average daily
temperature data obtained from the Royal Netherlands Meteorological
Institute. An analysis was performed on all lithium serum levels not
accounting for the intra-individual dependency of lithium serum levels.
The association between season, temperature and both absolute lithium
serum level and the frequency of potentially toxic serum levels was
investigated. A mixed model analysis, accounting for intra-individual
dependency of lithium serum levels, was performed.
Results: A total of 41,102 lithium serum levels (3,054 patients)
were included. A signiﬁcant diﬀerence in mean lithium serum levels
across seasons (p < 0.001) and temperature categories (p ¼ 0.001)
was found, peaking in summer [0.761 mmol/L, ± standard error of the
mean (SEM) 0.002] and at temperatures of 15–20C [0.762 mmol/L
(± SEM 0.005)], and at a minimum in winter [0.748 mmol/L (± SEM
0.002)] and at <0C [0.741 mmol/L (± SEM 0.005)]. The relative
frequency of potentially toxic serum levels signiﬁcantly diﬀered between
seasons (p ¼ 0.023, highest in winter), but not between temperature
categories (p ¼ 0.481). A signiﬁcant positive association for intraindividual lithium serum level and season (p < 0.001) and temperature
(p < 0.001) was established.
Conclusions: Season and environmental temperature have a
statistically signiﬁcant but therapeutically irrelevant eﬀect on lithium
serum levels.

Lithium is the most widely used drug in the
management of bipolar disorder (BD), both
in acute mania as well as in maintenance
treatment (1). Its narrow therapeutic window
(0.6–1.2 mmol/L), together with high intra- and
interindividual variability in pharmacokinetics
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and interindividual sensitivity to adverse drug
reactions, necessitates regular monitoring of lithium serum levels (2, 3). Lithium serum levels
>1.3–1.5 mmol/L commonly result in toxic side
eﬀects (3, 4). The severity of symptoms is
generally proportional to both the degree and
the duration of the elevation of lithium serum
levels (4).
Since about 80% of renally excreted lithium is
reabsorbed in the proximal tubule together with
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sodium (5), any situation causing an increase in
proximal reabsorption of sodium, such as a negative water or sodium balance (e.g., due to
perspiration without adequate compensatory ﬂuid
and salt intake), will result in an increase in tubular
lithium reabsorption, thereby elevating the lithium
serum level and consequently the risk for lithium
toxicity (2–4). Higher rates of perspiration can be
induced, for instance, by fever, sudden changes in
amount of exercise or sudden substantial elevations
in environmental temperature (6–8).
To date, three studies have reported a seasonal
variation in lithium serum levels, all reporting
higher levels during summer. These studies were
performed in diﬀerent parts of the world, i.e., The
Netherlands (9), Italy (10) and Michigan, USA
(11). The diﬀerences in the extent of seasonal
variation of lithium serum levels in the three studies
were attributed to diﬀerences in environmental
temperature in these diﬀerent regions. For Italy,
the observed seasonal variation was about 10% in
a total of 168 patients, whereas in The Netherlands
a diﬀerence of about 5% was observed in a total of
68 patients. In two of these studies the mean
lithium serum level per patient for each season was
studied. The study in Michigan evaluated the mean
lithium serum level per month for a total of 377
admitted patients.
To our knowledge, the impact of actual environmental temperature on lithium serum levels,
and the inﬂuence of season and actual environmental temperature on intra-individual lithium
serum levels have never been studied. Therefore
we investigated the impact of actual environmental
temperature and season on lithium serum levels,
taking within-subject dependency into account.

Methods

Setting and study population

A retrospective study was conducted using available
records of lithium serum levels for patients in whom
lithium serum levels had been measured in the
laboratories of three large teaching hospitals in
diﬀerent parts of The Netherlands: TweeSteden
Hospital, Tilburg; Altrecht Institute for Mental
Health Care, Utrecht; and Reinier De Graaf
Hospital, Delft. Data were gathered for the period
between January 1995 and July 2004. Lithium serum
levels for all patients aged ‡18 years for whom at
least two levels were available were included.
Data on average daily temperature were obtained
from the nearest meteorological site of the Royal
Netherlands Meteorological Institute, all situated
within 30 km of the respective laboratories.
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Data

Data on patient gender, year of birth, lithium
serum level and corresponding blood sampling
date were gathered, along with a unique identiﬁcation number for each patient. Approval to use
anonymous patient data for this study was
obtained from the scientiﬁc boards of the three
participating institutions.
Lithium serum levels were linked to average
daily temperature one day prior to blood sampling.
Since blood samples are usually drawn in the
morning and sodium and lithium serum levels can
modify rapidly (2, 7, 8), the average daily temperature of the day prior to blood sampling was
considered to be the most appropriate. Temperature was taken both as a continuous variable as
well as a per 5C categorized variable, with a lower
category of temperatures <0C and an upper
category of temperatures ‡20C.
In order to put the results into perspective with
the results from the studies reported previously, the
impact of seasonal variation on lithium serum
levels was also investigated. Therefore, lithium
serum levels were also linked to the diﬀerent
seasons, with seasonal transitions deﬁned as occurring on March 21, June 21, September 21 and
December 21, as in the previous studies.
Potentially toxic lithium serum levels were
deﬁned as levels ‡1.3 mmol/L, resulting from an
increase ‡50% with at least two available preceding levels that fell within the therapeutic range
(0.6–1.2 mmol/L). Age was categorized as old
(‡65 years) and young (<65 years).
Data analysis

All lithium serum levels <0.2 mmol/L were
excluded from analysis on account of uncertainty
regarding the intake of lithium by the patient and
analytical imprecision below this value.
Data analyses included every lithium serum
level obtained from the subjects described in the
paper. It is pertinent to note that these analyses
potentially included several lithium levels for the
same individual at diﬀerent time-points and during diﬀerent seasons of the year. Therefore, this
analysis does not take into account within-subject
(i.e., intra-individual) lithium levels. The mean
lithium serum level, as well as the frequency of
potentially toxic serum levels within each season
and temperature category, were determined. The
diﬀerences in mean lithium serum level between
seasons and temperature categories were assessed
by one-way ANOVA analysis. Diﬀerences in the
frequency of potentially toxic serum levels across

Lithium and environmental temperature
seasons and temperature categories were analyzed
by chi-square analysis.
In order to account for within-subject dependency of lithium serum levels, a linear mixed model
analysis was subsequently performed. The coeﬃcients ÔseasonÕ, ÔtemperatureÕ and ÔageÕ were deﬁned
as ﬁxed eﬀects (assuming that all variables of
interest are represented in the data). A random
intercept was used to allow for diﬀerences in intraindividual lithium serum levels.
All analyses were performed using SPSS version
12.0 (SPSS Inc., Chicago, IL, USA).
Results

A total of 41,102 lithium serum levels from a total
of 3,054 patients were included. More females
(62.3%) than males were included, and the mean
age was 50.5 years [standard deviation (SD) 17.0].
A large variation in the total number of lithium
serum levels per person was observed, with a
median of 10 recorded levels per patient (range
2–100): 90% of the serum level measurements
pertained to patients with up to 51 serum level
measurements; 50% to patients with up to 28
serum level measurements; and 33% to patients
with up to 14 serum level measurements. Lithium
serum levels were equally distributed across seasons. However, with regard to temperature, about
75% of the levels were taken at 5–20C (Table 1).
A statistically signiﬁcant diﬀerence in mean
lithium serum levels was found for seasons
(p < 0.001), peaking in summer [0.761 mmol/L
(± SEM 0.002)] and at a minimum in winter
[0.748 mmol/L (± SEM 0.002)] (Fig. 1). The maximal seasonal diﬀerence in lithium serum level was
about 2%. A statistically signiﬁcant diﬀerence in
mean lithium serum level for the temperature
category (p ¼ 0.001) was observed, with higher
Table 1. Lithium serum level (n ¼ 41,102) and temperature characteristics
T (C)
Mean ± SD

Lithium serum levels

Season

n (%)

Seasonal distribution

Spring
Summer
Autumn
Winter

10,538
10,365
10,073
10,126

(25.6)
(25.2)
(24.5)
(24.6)

T (C)
<0
0–5
5–10
10–15
15–20
‡20

n
2,218
5,993
11,091
10,617
8,946
2,237

(%)
(5.4)
(14.6)
(27.0)
(25.8)
(21.8)
(5.4)

Distribution per
temperature category

T ¼ temperature; SD ¼ standard deviation.

11.8
17.4
8.1
4.5

±
±
±
±

4.5
3.1
4.9
4.2

3.0

0.765
Mean lithium
serum level
0.760

Percentage
of intoxication

2.5

0.755

2.0

0.750

1.5

0.745

1.0

0.740

0.5

0.735

0.0
Spring

Summer

Autumn

Winter

Season
Fig. 1. Mean overall lithium serum levels (bars represent
standard errors of the mean) and frequencies of potentially
toxic serum levels [deﬁned as a lithium serum level ‡1.3 mmol/
L resulting from an increase ‡50% with at least two available
preceding levels that fell within the therapeutic range
(0.6–1.2 mmol/L)] per season. There was a statistically signiﬁcant diﬀerence in mean lithium serum levels across seasons
(p < 0.001, one-way ANOVA) and frequencies of potentially
toxic serum levels (p ¼ 0.023, v2) signiﬁcantly diﬀered between
seasons.

lithium serum levels occurring at higher average
daily temperatures (Fig. 2). Mean lithium serum
levels were 0.741 mmol/L (± SEM 0.005) at temperatures <0C and 0.762 mmol/L (± SEM
0.005) at temperatures of 15–20C, again resulting
in a maximal diﬀerence of about 2%.
A statistically signiﬁcant diﬀerence in the
frequency of potentially toxic serum levels (p ¼
0.023) across seasons was established (Fig. 1),
with the highest frequency in winter, and the
lowest in autumn. No signiﬁcant (p ¼ 0.481)
diﬀerence was found in the frequency of potentially toxic serum levels across temperature categories (Fig. 2).
Taking into account the intra-individual
dependency of the data, a statistically signiﬁcant
(p < 0.001) eﬀect of both season and environmental temperature on lithium serum level was
established by performing a mixed model analysis. Equations 1 and 2 represent the eﬀect of
season and temperature on lithium serum level,
respectively:

605

Wilting et al.
3.0

0.765
Mean lithium
serum level
0.760

2.5

Percentage
of intoxication

0.755

2.0

0.750

1.5

0.745

1.0

0.740

0.5

than 6, more than 10, and more than 12 lithium
serum levels were available. In these sub-analyses,
the same trends were observed for the relationships
between lithium serum levels and both temperature
and season, respectively (results not shown).
In order to investigate the inﬂuence of age on the
eﬀect of temperature on lithium serum level, an
age (young <65 years and old ‡65 years) was
included in the mixed model for temperature and
lithium serum level. The eﬀect of environmental
temperature on lithium serum level was about twice
as great in those aged ‡ 65 years (0.014 mmol/L
elevation in lithium serum level per 10C increase)
than in those aged <65 years (0.006 mmol/L
elevation in lithium serum level per 10C increase).
This diﬀerence, however, was not statistically
signiﬁcant (p ¼ 0.065).
Discussion

0.735
<0

0–5

5–10

10–15

15–20

≥20

0.0

Temperature (centigrade)
Fig. 2. Mean overall lithium serum levels (bars represent
standard errors of the mean) and frequencies of potentially
toxic serum levels [deﬁned as a lithium serum level ‡1.3 mmol/
L resulting from an increase ‡50% with at least two available
preceding levels that fell within the therapeutic range
(0.6–1.2 mmol/L)] per temperature category. There was a statistically signiﬁcant diﬀerence in mean lithium serum levels
across temperature categories (p ¼ 0.001, one-way ANOVA).
Frequencies of potentially toxic serum levels (p ¼ 0.481, v2)
did not signiﬁcantly diﬀer between temperature categories.

Equation 1:
Lithium serum level ðmmol/LÞ
¼ 0:00544 ðSE 0:00095Þ  season1
þ 0:722 ðSE 0:0036Þ
(1substituting 1 for winter, 2 for autumn, 3 for
spring and 4 for summer);
Equation 2:
Lithium serum level ðmmol/LÞ
¼ 0:000793 ðSE 0:000166Þ  temperature2
þ 0:727 ðSE 0:00321Þ
2
[ average daily temperature (C) at one day prior
to blood sampling].
Equation 1 results in lithium serum levels of
0.727 mmol/L and 0.744 mmol/L for winter and
summer, respectively. Equation 2 results in lithium
serum levels of 0.727 mmol/L at 0C and
0.743 mmol/L at 20C.
A sub-analysis on lithium serum levels was
performed on a subset of patients for whom more
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We found that lithium serum levels in daily clinical
practice in The Netherlands showed statistically
signiﬁcant diﬀerences across seasons and temperatures. Higher lithium serum levels were observed
at higher temperatures as well as during warmer
seasons, the latter in accordance with results from
previous studies (9–11). The eﬀect of temperature
and season on lithium serum level persisted when
accounting for within-subject dependency of lithium serum levels.
Although statistically signiﬁcant, the reported
eﬀects are not of clinical importance. A temperature increase of 10C, for example, results in an
elevation in lithium serum level of only
0.008 mmol/L (Equation 2). Although our ﬁnding
that a warmer season is related to higher lithium
serum levels is in accordance with results from
previous studies, we report a maximal diﬀerence in
lithium serum levels between seasons of about 2%,
in contrast to the previously reported variation of
about 5% in The Netherlands (9). This discrepancy
may be explained by the fact that we included
lithium serum levels for about 3,000 patients in
contrast to the 68 patients included in the study by
Beersma et al. (9). It may be possible to explain the
observed diﬀerence in minimum and maximum
serum level per season of 10% for Italy and 2% for
The Netherlands in this study by the diﬀerences in
climate between the two countries. Italy has a
Mediterranean climate, characterized by dry, hot
summers and mild winters. Compared to Italy, The
Netherlands experiences overall lower temperatures without a dry season, due to lower summer
temperatures and greater inﬂuence of the sea.
In addition, the frequency of potentially toxic
serum levels did not diﬀer statistically signiﬁcantly

Lithium and environmental temperature
between temperature categories. A possible reason
for this is that patients can avoid the consequences
of high temperatures in summer via climate control
measures (e.g., air conditioning) and through
compensatory ﬂuid and salt intake, as is recommended in information leaﬂets for patients taking
lithium.
However, the frequency of potentially toxic
serum levels did diﬀer with statistical signiﬁcance
across seasons but, in contrast to our hypothesis on
the impact of temperature on lithium serum levels,
did not follow the order of coldest to warmest
season. The observed peak during colder seasons
may reﬂect a seasonal variation in the prevalence
of intentional overdosing. Depression in BD has, in
some studies, been shown to arise mostly in
autumn and winter (12–15). The observed peak
of potentially toxic serum levels may therefore
possibly reﬂect a rise in suicide attempts corresponding with a higher prevalence of depression
in winter. In the literature conﬂicting results are
reported with respect to seasonal variation of
intentional overdosing; most studies, however,
report a peak in spring and summer (16–22). We
cannot entirely explain the discrepancy between the
peak in suicide attempts reported in the literature
and the higher prevalence of potentially toxic
serum levels in winter observed in this study.
However, the reports in the literature with respect
to seasonal variation and suicide frequency are
conﬂicting and we have no information regarding
the reasons for the observed potentially toxic
serum level. It may be possible that, in our study,
we missed several instances of intentional overdose
and the corresponding lithium measurements, since
one of the included hospitals is a psychiatric facility
and patients with severe somatic problems due
to intentional overdosing may have been transported to another (general) hospital. Due to a
less adequately responding thirst center and a
decreased glomerular ﬁltration rate, elderly people
are presumed to be more at risk for sudden
elevation of lithium serum levels than younger
people (23, 24). Accordingly, we did establish a
trend towards a greater impact of temperature on
lithium serum levels in elderly subjects.
There are several limitations to our study. First,
in accordance with our hypothesis that environmental temperature has a prompt, if any, eﬀect, we
deﬁned temperature as average daily temperature
one day prior to blood sampling. In comparison
with average daily temperatures over two-, threeand seven-day periods prior to blood sampling,
temperature was deﬁned as average daily
temperature one day prior to blood sampling
actually provided the best ﬁt. We obtained data

on average daily temperature, but maximal daily
temperature, apparent temperature (25), or average
daily temperature between dawn and sunset,
instead of 24-h measurements, may also be of
importance. Furthermore, it may be hypothesized
that longer periods of elevated environmental
temperature (e.g., heat waves) may have greater
impact than short periods of elevated temperature.
Second, we had no information on lithium
dosage. Bipolar disorder has been shown to display
seasonal variation, possibly leading to prescriberinitiated dose changes and patient-initiated diﬀerences in adherence to treatment. Previous research
has demonstrated evidence of seasonal variation in
the course of BD, with mania arising more
frequently in spring and summer, while depression
tends to arise more in autumn and winter (12–15,
22, 26–30). Higher lithium serum levels in summer
could therefore also be partly attributed to increases
in lithium dose. On the other hand, it has been
demonstrated that even at stable lithium doses,
lithium serum levels fall during periods of mania
and rise throughout periods of depression (31–34).
Third, we have no information on the speciﬁc
reasons the lithium serum measurements were
obtained. Measurements initiated because of suspected high levels caused by deliberate overdosing
may not be excluded. It is possible that this may
falsely inﬂuence the observed higher frequency of
potentially toxic lithium serum levels.
Fourth, information on the time interval between
blood sampling and last lithium intake was unspeciﬁed in most cases (93%). Time intervals of <10 h
distort correct interpretation of measured lithium
serum levels by presenting falsely high values due to
an incomplete distribution phase (2). This could
also falsely inﬂuence the observed higher frequency
of potentially toxic lithium serum levels since it can
be expected that, in cases of suspected overdose, the
regime of a 12.0 ± 0.5 h time interval is often
not followed. However, because all laboratories
claimed to have structured a 12.0 ± 0.5 h time
interval regime in accordance with the guideline
(35), most time intervals were probably >10 h.
Finally, we have not been able to correct for
other important patient characteristics that have
previously been demonstrated to be related to
lithium serum levels, such as comorbidity, current
mood phase of BD, diarrhea, vomiting, infections
or renal insuﬃciency, concomitantly used medication, pregnancy, changes in diet, alcohol use or
weight, and higher rates of perspiration due to
exercise or visits to saunas (2, 36–38).
In conclusion, our results show that environmental temperature has a statistically signiﬁcant
but therapeutically irrelevant impact on lithium
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serum levels. The lack of any clinically relevant
impact of both season and temperature may
possibly be explained by adequate measures taken
by both clinicians and patients in response to
changes in environmental temperature.
Acknowledgements
We would hereby like to acknowledge Dr GWK Hugenholtz
and Dr WSCJM van der Pol for providing us with lithium
serum level data and Dr PC Souverein for helping us to link
meteorological data to lithium serum level and patient data.

References
1. Muller-Oerlinghausen B, Berghofer A, Bauer M. Bipolar
disorder. Lancet 2002; 359: 241–247.
2. Aronson JK, Reynolds DJ. ABC of monitoring drug
therapy. Lithium BMJ 1992; 305: 1273–1274.
3. Amdisen A. Serum concentration and clinical supervision
in monitoring of lithium treatment. Ther Drug Monit
1980; 2: 73–83.
4. Okusa MD, Crystal LJ. Clinical manifestations and
management of acute lithium intoxication. Am J Med
1994; 97: 383–389.
5. Ramsey TA, Cox M. Lithium and the kidney: a review.
Am J Psychiatry 1982; 139: 443–449.
6. Maughan RJ, Shirreﬀs SM. Dehydration, rehydration and
exercise in the heat: concluding remarks. Int J Sports Med
1998; 19 (Suppl. 2): 167–168.
7. Takamata A, Mack GW, Gillen CM, Nadel ER. Sodium
appetite, thirst, and body ﬂuid regulation in humans
during rehydration without sodium replacement. Am J
Physiol 1994; 266: 1493–1502.
8. Sanders B, Noakes TD, Dennis SC. Sodium replacement
and ﬂuid shifts during prolonged exercise in humans. Eur J
Appl Physiol 2001; 84: 419–425.
9. Beersma DG, Dols LC, Mersch PP, den Boer JA, van den
Hoofdakker RH. Lithium concentrations in plasma of
lithium-treated psychiatric patients in The Netherlands:
commentary on Cusin et al. Psychiatry Res 2002; 111: 43–44.
10. Cusin C, Serretti A, Mandelli L, Lucca A, Smeraldi E.
Seasonal variations of lithium plasma levels. Psychiatry
Res 2002; 111: 35–41.
11. D’Mello DA, McNeil JA, Msibi B. Seasons and bipolar
disorder. Ann Clin Psychiatry 1995; 7: 11–18.
12. Partonen T, Lonnqvist J. Seasonal variation in bipolar
disorder. Br J Psychiatry 1996; 169: 641–646.
13. Suhail K, Cochrane R. Seasonal variations in hospital
admissions for aﬀective disorders by gender and ethnicity.
Soc Psychiatry Psychiatr Epidemiol 1998; 33: 211–217.
14. Silverstone T, Romans S, Hunt N, McPherson H. Is there
a seasonal pattern of relapse in bipolar aﬀective disorders?
A dual northern and southern hemisphere cohort study. Br
J Psychiatry 1995; 167: 58–60.
15. Shin K, Schaﬀer A, Levitt AJ, Boyle MH. Seasonality in a
community sample of bipolar, unipolar and control
subjects. J Affect Disord 2005; 86: 19–25.
16. Afshari R, Majdzadeh R, Balali-Mood M. Pattern of acute
poisonings in Mashhad, Iran 1993–2000. J Toxicol Clin
Toxicol 2004; 42: 965–975.
17. al-Ansari AM, Hamadeh RR, Matar AM, Buzaboon B,
Marhoon H, Raees AG. Overdose among youth in
Bahrain: psycho-social characteristics, contact with helping
agencies and problems. J R Soc Health 1997; 117: 366–371.

608

18. Garﬁnkel BD, Froese A, Hood J. Suicide attempts in
children and adolescents. Am J Psychiatry 1982; 139: 1257–
1261.
19. Hatzitolios AI, Sion ML, Eleftheriadis NP et al. Parasuicidal poisoning treated in a Greek medical ward: epidemiology and clinical experience. Hum Exp Toxicol 2001; 20:
611–617.
20. Iancu I, Laufer N, Dannon PN, Zohar-Kadouch R, Apter
A, Zohar J. A general hospital study of attempted suicide
in adolescence: age and method of attempt. Isr J Psychiatry
Relat Sci 1997; 34: 228–234.
21. Schwartz JG, Stuckey JH, Prihoda TJ, Kazen CM,
Carnahan JJ. Hospital-based toxicology: patterns of use
and abuse. Tex Med 1990; 86: 44–51.
22. Morken G, Lilleeng S, Linaker OM. Seasonal variation in
suicides and in admissions to hospital for mania and
depression. J Affect Disord 2002; 69: 39–45.
23. Kenney WL, Chiu P. Inﬂuence of age on thirst and ﬂuid
intake. Med Sci Sports Exerc 2001; 33: 1524–1532.
24. Chen KP, Shen WW, Lu ML. Implication of serum
concentration monitoring in patients with lithium intoxication. Psychiatry Clin Neurosci 2004; 58: 25–29.
25. Steadman RG. The assessment of sultriness. Part I: A
temperature–humidity index based on human physiology
and clothing science. J Appl Meteorol 1979; 18: 861–873.
26. Carney PA, Fitzgerald CT, Monaghan CE. Inﬂuence of
climate on the prevalence of mania. Br J Psychiatry 1988;
152: 820–823.
27. Cassidy F, Carroll BJ. Seasonal variation of mixed and
pure episodes of bipolar disorder. J Affect Disord 2002; 68:
25–31.
28. Eastwood MR, Peter AM. Epidemiology and seasonal
aﬀective disorder. Psychol Med 1988; 18: 799–806.
29. Fossey E, Shapiro CM. Seasonality in psychiatry – a
review. Can J Psychiatry 1992; 37: 299–308.
30. Myers DH, Davies P. The seasonal incidence of mania and
its relationship to climatic variables. Psychol Med 1978; 8:
433–440.
31. Degkwitz R, Koufen H, Consbruch U, Becker W, Knauf
H. Lithium balance in mania. [In German] Int Pharmacopsychiatry 1979; 14: 199–212.
32. Kukopoulos A, Minnai G, Muller-Oerlinghausen B. The
inﬂuence of mania and depression on the pharmacokinetics
of lithium. A longitudinal single-case study. J Affect
Disord 1985; 8: 159–166.
33. Kukopulos A, Reginaldi D. Variations of serum lithium
concentrations correlated with the phases of manic-depressive psychosis. Agressologie 1978; 19: 219–222.
34. Dunner DL. Drug interactions of lithium and other
antimanic/mood-stabilizing medications. J Clin Psychiatry
2003; 64 (Suppl. 5): 38–43.
35. Bestuur Nederlandse Vereniging voor Psychiatrie. Richtlijnen Nederlandse Vereniging voor Psychiatrie Richtlijn
Farmacotherapie bij Bipolaire Stoornissen (Guideline Pharmacotherapy in the Treatment of Bipolar Disorder). Amsterdam: Boom, 1998.
36. Finley PR, Warner MD, Peabody CA. Clinical relevance
of drug interactions with lithium. Clin Pharmacokinet
1995; 29: 172–191.
37. Delva NJ, Hawken ER. Preventing lithium intoxication.
Guide for physicians. Can Fam Physician 2001; 47: 1595–
1600.
38. Wilting I, Movig KL, Moolenaar M et al. Drug–drug
interactions as a determinant of elevated lithium serum
levels in daily clinical practice. Bipolar Disord 2005; 7:
274–280.

