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Lithium Side Effects in a Routine Lithium Clinic

By B. B. JOHNSTON, E. G. DICK, G. J. NAYLOR and D. A. T. DICK

SUMMARY Approximately two thirds of a group of bipolar patients
attending the routine lithium clinic suffered side effects. These patients
tended to have a lower plasma and erythrocyte lithium concentration
and a lower erythrocyte/plasma lithium ratio than those who had no
side effects. Explanations of this unexpected finding are discussed.

Introduction
Lithium is now establishedas a useful drug in

the prevention of recurrence of manic-depressive
psychosis. However, minor but unpleasant side
effects occur and may lead patients to reject
treatment. It is uncertain how common such
side effects are; the data sheet of â€˜¿�Priadel', for
instance, states that â€˜¿�transient side effects may
occur during stabilization but are unlikely to do
so at serum lithium levels below 2 mEq/l'; that
of â€˜¿�Phasal' states that â€˜¿�sideeffects are usually
related to blood lithium levels and are infrequent
at levels below 1.5 mEq/l'. In contrast, Hewick
a al (1977)havereportedminor sideeffectsin
over 40 per cent of patients stabilized on long
term lithium therapy.

It has also been suggested that side effects are
related more closely to intra@el1ular levels of
lithium than to plasma lev@1s (Elizur ci al,
1972; Zakowska-Dabrowska and Rybakowski,
1973). The concentrationof lithium in erythro
cytes has been shown to correlate more closely
than plasma levels with brain levels of lithium
(Frazer ci al, 1973). Erythrocyte lithium con
centration has therefore been suggested as a
more useful routine assay than plasma lithium
(Frazer ci ci, 1973; Dorus et a!, 1975). The ratio
of lithium concentrationin the erythrocyteto
that in the plasma varies from individualto
individualbut has been claimed to be relatively
stable within an individual and even claimed to
be genetically determined (Dorus et al, 1975).
Though the main controversy has surrounded
the use of this ratio in predicting therapeutic
response, it has also been suggested that the ratio
is related to side effects, i.e. those with a high

ratio would have a high intra-erythrocyte (and
therefore intracellular) lithium level and there
fore be more prone to side effects (Elizur ci ci,
1972). However, Lee @ia! (1975) have criticized
the use of this ratio, showing that it is not stable
but changes with change in plasma lithium
concentration. In vitro studies (Ratey and
Mallinger, 1977) tend to confirm the depen
dence of the ratio on plasma concentration.

Lithium probably affects transport across
membranes (Peet, 1975) and has been reported
to affect erythrocyte Na-K ATPase (Naylor ci al,
1974; Hesketh, 1976). The main interest has
been whether such changes are related to the
therapeutic effectiveness of lithium, but it is not
known whether this is related to side effects. The
present study attempts to explore the relation
ship of side effects of lithium, in patients who
were stabilized on the drug, to measures of
sodium pump activity, to plasma and erythro
cyte lithium levels and to the particular pre
paration of lithium used.

Method
Forty-nine bipolar manic-depressive patients

attending the routine lithium clinic of the
Dundee Psychiatric Service were investigated.
Venous blood was taken from the patient
between 9 and 10.30 a.m. on two separate visits
to the clinic. On each of these two visits, as on
all routine visits to the clinic, the patients were
questioned about side effects and were examined
for the presence of tremor. The severity of side
effects was rated on a simple scale 0â€”absent,
1â€”mild, 2â€”moderate, 3â€”severe. All patients
had been stabilized on lithium for at least
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NrPPlasma

lithium39+0.488<0.005Erythrocyte

lithium39+0.480<0.005Erythrocyte

plasma
lithiumratio38+0.636<0.001Erythrocyte

sodium
concentration47+0.702<0.001Erythrocyte

Na-K
ATPase48+0.482<0.005

MaleN 16Tremor8(50)Thirst/Polyuria4(25)Gastrointestinal

side effects

2(12.5)Hypothyroidism2(12.5)Other1(6.25)Female337

(21)18 (55)3 (9)2 (6)2 (6)
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we have only one estimation of some of the
biochemical parameters.

There were, of course, slight changes between
the two estimations. The changes in plasma
lithium between the two occasions correlated
positively with the change in the erythrocyte/
plasma lithium ratio (N = 38, R = +0.349,
P <0.05). Similarly, the changes in erythrocyte
lithium concentration correlated significantly
with the change in the ratio (N = 38, R =
+0.750,P <0.001).

There was a strong positive correlation
between the erythrocyte lithium concentration
and the plasma lithium concentration (first
assay N = 44, R = +0.759, P <0.001, second
assay, N = 47, R = +0.662, P <0.001).

Unexpectedly, the side effects reported were
the same on each of the two visits, and their
frequency is shown in Table II. Of the 49
patients only 18 were free from side effects. The
most common side effects were tremor or the
thirstâ€”polydipsia--polyuria syndrome. Tremor
was more common in males, polyuria in
females, but neither difference was statistically
significant using the x2 test with Yates' correc
tion(P >0.05).

To relate side effects to blood results, patients
were initially divided into two groups, those
who had any side effects and those who had
none. For each individual the mean of two
biochemical estimations was used in the
calculation (except where only one estimation
available). Since total side effects were equally
common in men and women, the results of the
two groups were simply compared by a t test
for uncorrelated means (Table III).

There was no significant difference in
erythrocyte Na-K ATPase, sodium or potassium
concentration or plasma sodium or potassium
concentration between those who were suffering

several months, and blood samples were taken
not less than 10 hours after the last dose of
lithium.

The plasma sodium, potassium and lithium
concentrations were determined, using an
atomic absorption spectrophotometer and
appropriate standards. Erythrocyte sodium,
potassium and lithium concentrations were
determined by a modification of the washing
method of Smith and Samuel (1970), using tris
buffered choline chloride instead of mag
nesium chloride as the washing solution.
Erythrocyte Na-K ATPase was estimated in
washed erythrocyte ghosts by the ouabain
sensitive release of inorganic phosphate from
ATP (Bonting, 1970).

Results
The 49 patients investigated included 16 men

(mean age 48, s.d. 13 years) and 33 women
(mean age 48, s.d. 11 years). The stability of
most of the parameters is shown by the strong
positive correlation between the estimations on
the two occasions (Table I). On a few patients

TABLE I
Correlation between the estimations on two occasions

TARUtII
Number (and %) of side ejects encountered
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Erythrocyte Plasma

Na-K Ratio of erythrocyte
ATPase Na K Li Na K Li plasmalithiumt

mmol/l mmol/l mmol/l mmol/l mmol/l mmol/lconcentrationPatientswith

N 31 31 31 31 29 31 3131side
effects Mean 1.70 7.31 99.6 0.394 138 4.26 0.7870.500s.c.m.

0.05 0.22 0.6 0.029 1.0 0.08 0.0360.025Patients

N 17 17 17 17 16 17 1717without
Mean 1.75 7.05 100.0 0.560 139 4.39 0.9300.617side

effects s.c.m. 0.08 0.22 1.0 0.045 1.0 0.10 0.0560.052P

NS@ NS* NS* <0.001 NS* NS* <0.05<0.05t

mmol PO4/l, RBC,h.*
P >0.05.T@isut

IVCharacteristics
of patients with and without sideejectsDrug

taken
Dose (mg/day) Age (years)

N Male Female Camcolit Priadel Other Mean Â±s.e.m. MeanÂ±s.e.m.Patientswith

31 10 21 15 14 2 1166+6549Â±2side
effects (32%) (68%) (48%) (45%)(7%)Patients

without 18 6 12 7 8 3 1122 Â±96 47 Â±3side
effects (33%) (67%) (39%) (44%)(17%)P

NS* NS* NS*NS@*

P >0.05
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T@si@ III
Biochemical parameters in patients with and without side ejects

side effects and those who were not. However,
patients who were suffering from side effects had
significantly lower plasma and erythrocyte
concentrations of lithium and had significantly
lower erythrocyte/plasma lithium ratios. There
was no significant difference between the two
groups in the mean dose of lithium prescribed
(Table IV). Similarly there was no significant
difference between the ratio of plasma lithium
to dose prescribed between the two groups. Side
effects were as frequent in patients on Priadel as
in patients on Camcolit.

The two most common side effects (tremor
and polyuria) were examined separately, but
because of possible unequal sex distribution data
from men and women were analysed separately
(e.g. men with tremor compared with men

without tremor, men with polyuria compared
with men without polyuria, etc.). The only
statistically significant results to emerge from
this analysis were that women with thirst and
polyuria had significantly lower erythrocyte
lithium concentrations and lower plasma potas
sium concentrations than women without
thirst and polyuria.

Plasma and erythrocyte concentrations pro
duced by Priadel and Camcolit are shown in
Table V. In both men and women the dose of
Priadel prescribed was slightly but not sig
nificantly higher than that of Camcolit. The
plasma level in women on Priadel was sig
nificantly lower (P <0.05) than that of women
on Camcolit; the erythrocyte concentrations
were also lower, but the difference did not
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NDose

(mg)Plasma concentration
(mmol/l)Erythrocyte

concentration
(mmol/l)MSDM

SDMSDMalesCamcolit411873750.85

0.170.550.22Priadel1212254310.93
0.240.450.20FemalesCamcolit1810833630.85

0.140.460.14Priadel1013203420.68
0.220.34 0.14
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TArnis V
Plasma and erythrocyteconcentrationsof lithium in patients on Camcolit and Priadel

reach statistical significance (0.05 < P <0.1).
There was no significant difference between the
plasma or erythrocyte levels with the two
preparations in the men. Five patients were
receiving other lithium preparations (3 as
Phasal, 2 in liquid form).

Discussion
The most striking feature of the study was the

high incidence of unwanted side effects even
though patients had been on the drug for long
periods. Approximately two thirds of the
patients suffered from side effects. This is in
striking contrast to statements in the data sheets
of the manufacturers. There was a higher
incidence of tremor (although not statistically
significant) in men and of polyuria in women,
but it is uncertain whether this reflected a real
difference or only a difference in toleration or
reporting e.g. men may notice and report
tremor earlier because it interferes with their
work.

There seems little doubt that, in an individual,
side effects are related to higher plasma con
centrations of lithium (i.e. in a longitudinal
study), but in the present cross-sectional study
those patients with side effects had lower plasma
and erythrocyte lithium concentrations and a
lower red cell/plasma lithium ratio. Presumably
in clinical practice some individuals are more
susceptible than others to develop side effects
with lithium, and when this occurs the intake of
lithium is reduced in an attempt to' reduce the
side effects; this results in a lower plasma
lithium concentration. That a reduction of

lithium intake was not revealed by a significant
difference in prescribed dose between the two
groups is not surprising, since the dose range
was very large: also poorer drug compliance
could have reduced the lithium intake in the
side effects group, without its being reflected in
the prescribed dose. However, assuming similar
absorption and excretion, the ratio of plasma
lithium to dose prescribed is an indication of
compliance, and this ratio was not significantly
different between the two groups. This relation
ship of side effects to plasma concentration of
lithium may depend on the policy of the clinic;
for instance, if the aim is to keep the plasma
lithium above 1.0 mmol/l unless the patient
suffers side effectf(i.e. towards the upper limit
of the therapeutic range), the plasma lithium
concentration of many patients will need to be
reduced (and hence results obtained as in this
present study). However, if the aim is to keep
the plasma lithium concentration at about
0.7 mmol/l (i.e. towards the lower limit of the
therapeutic range), the plasma lithium con
centration of few patients will be reduced
because of side effects, and there may appear to
be no relationship between side effects and
plasma lithium concentration.

There â€˜¿�hasbeen considerable controversy
about the value of the ratio of erythrocyte
lithium to plasma lithium concentration. The
red cell/plasma lithium ratio is probably
dependent on the plasma lithium concentration
(Ratey and Mallinger, 1977; Lee et al, 1975).
Dorus et al (1975) found only a weak positive
correlation between erythrocyte and plasma
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lithium concentration, whereas the present
study shows a very strong positive correlation
between the two and suggests that the ratio is
relatively stable provided the dose of lithium is
unchanged and also that the ratio does change
with plasma lithium concentration. Our results
therefore lend no support to the suggestion that
individuals who show side effects have abnorm
ally high erythrocyte lithium concentrations or
abnormally high erythrocyte/plasma lithium
ratios. Similarly, the erythrocyte lithium con
centration was no more stable than the plasma
lithium concentration, and therefore there
seems to be little evidence to suggest that it is a
more useful assay than plasma concentration.

Lithium side effects described in this study
(Table II) usually occur at plasma levels
within the therapeutic range (0.6â€”1.2 mmol/l),
while more serious toxicity usually presents at
levels above 2.0 mmol/l. Also, in long term
lithium therapy there are several endocrine and
metabolic effects, including alterations in thy
roid metabolism, steroid metabolism, carbo
hydrate metabolism and inducement of nephro
genic diabetes insipidus. There is now increasing
evidence that lithium even at therapeutic levels
may produce renal lesions (Hestbech et al, 1977;
Burrows etal,1978)and irreversiblyaffectrenal
function (Bucht and Wahlin, 1978).

In this study there was little overall difference
between patients receiving lithium as Priadel
(controlled release preparation) and those
receiving it as Camcolit (compressed tablets of
lithium carbonate). The sex difference was
simply a reflection of the preferences of psych
iatrists who initiated therapy. The slight
difference in mean dose and significantly lower
plasma level in women on Priadel could have
been a reflection, not of bio-availability, but of
different patterns of ingestion, i.e. more patients
on Priadel might have taken it as a single dose,
and therefore the time from blood sampling to
the previous dose might have been longer than
if they had taken it in divided doses. However,
this possibility seems unlikely, since only 5 out
of 22 took it as a single dose, and of those 4
took it in the evening.

There was no significant difference in the
incidence of side effects between the two
preparations.
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