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ABSTRACT
Introduction: Lithium still remains an important 
choice in the therapy of manic-depressive 
psychosis (MDP), and though there are reports 
of seasonal variation in lithium levels from a few 
countries, such studies have not been conducted 
in India. Variability in the lithium level can lead 
to lack of efficacy or toxicity, making seasonal 
variation clinically relevant. 

Methods: A retrospective case sheet audit was 
performed for 101 MDP patients for recording 
plasma lithium level, oral lithium dose, age and 
gender for one year.  The overall average oral 
lithium dose and level were recorded; the monthly 
average to which it most closely matched was 
noted as the control month, and values of other 
months were compared with this control month 
by Friedman’s test followed by Dunn’s test.

Results: The mean age of patients was 38.22 
(standard deviation 12.07) years, and 72 out of 
101 patients were male. The mean lithium dose in 
November (938.61 +/- 243.40 mg/day) , which was 
the closest to the overall mean dose (938.24 +/- 
241.78 mg/day) was taken as the control month, 
which when compared with other monthly values, 
did not show any significant difference. The June 
(0.54 +/- 0.23 meq/L), July (0.55 +/- 0.24 meq/L) 
and August (0.55 +/- 0.24 meq/L) mean plasma 
lithium values were signif icantly high when 
compared to the October value (0.45 +/- 0.22 
meq/L) as control. High-low variability between 
the plasma lithium values of different months was 
found to be 25 percent.  

Conclusion: The present study showed a 
significant high variability of lithium levels in 
different months of the year, therefore frequent 
plasma level monitoring and oral lithium dose 
adjustment to prevent situations of toxicity and 
lack of efficacy in MDP. 
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INTRODuCTION

Lithium still remains a very useful drug in the treatment 
of manic-depressive psychosis (MDP), irrespective 
of the recent advances in the field of psychiatry.(1-3) 
It is a monovalent cation which shows a high degree 
of interindividual variation and narrow therapeutic 
index.(4-9) Hence, variability in lithium levels has to 
be viewed with caution since it can affect the efficacy 
and safety in the patient. Seasonal variation in lithium 
levels have been reported in the literature from Italy, 
the Netherlands and the United States.(10-12) Because of 
the subtropical geographical location of India, a higher 
variation in lithium levels is expected though no studies 
have been conducted to confirm this. Hence this study was 
conducted to determine whether there exists any change 
in the plasma lithium level during different seasons 
of the year. If variation in the plasma lithium level is 
observed, then oral dose modification will be needed for 
management to avoid toxicity, as well as loss of efficacy 
in the different seasons, thereby bringing more relevance 
to therapeutic drug level monitoring (TDM) of lithium, 
which will be required at more frequent intervals. This 
can also provide an alternative explanation for variation in 
MDP symptomatology clinically observed in the different 
seasons.

MeTHODS

This retrospective case sheet audit for lithium levels was 
done at Psychiatry Outpatient Department, Postgraduate 
Institute of Medical Education and Research, Chandigarh, 
India. Patients of either gender diagnosed with MDP and 
on regular treatment in the hospital with lithium for at 
least a year and had undergone TDM at least four times, 
were included in the study. Situations of lithium use 
other than MDP were excluded. Data was collected by 
a trained doctor in the year 2005. Plasma lithium level, 
lithium dose administered, age and gender were noted. 
Anonymity of the patient data was maintained. The drug 
lithium manufactured by all the companies was used 
in the hospital during the study period. Plasma lithium 
levels of 0.35–1.0 meq/L was the efficacious target 
maintenance level followed in our hospital, in spite of 
other opinions.(13-15)
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 Plasma lithium was analysed using a 654 sodium/
potassium/lithium analyser (Ciba Corning Diagnostic Ltd, 
Halstead, Essex, England). The principle is based on the 
potential developed by the lithium ion selective electrode 
with respect to the reference electrode. In an electrolyte 
solution, most sample salts dissociate to their ions. An 
electrolyte exchange reaction occurs between the relevant 
electrode and the ion which produces a potential between 
the ion selective electrode and the reference electrode. The 
reference electrode provides a fairly constant potential 
irrespective of the matrix being analysed. Nernst equation 
will provide the electrode potential developed. Lithium 
ion selective electrode consists of a neutral carrier- 
based lithium sensor immobilised in polyvinyl chloride. 
Electrical connection is by silver or silver chloride wire. 
The reference electrode consists of a shell filled with 
saturated potassium chloride separated from the sample 
by a membrane. Electrical connection is by a silver or 
silver chloride wire coated with nafion, an ion permeable 
polymer. This method is resistant to climate changes. 
 To study the variability of lithium level in patients 
with a confidence interval of 95% and variability of 
10%, the most conservative sample size required was 
97 patients. Hence, we decided to include data from 101 
patients for the study. A p-value < 0.05 was considered as 
significant. The average dose of lithium used every month 
was determined; the last value was carried forward for 
any missing dose. The average plasma lithium level was 
determined; for missing values, the next first value was 
carried backwards. The mean of all plasma lithium levels 
and oral lithium dose were respectively determined. The 
month with the closest value to the total mean value was 
then determined, irrespective of the standard deviation 
(SD), and was taken to be the reference value. Other 

months’ values were compared with this reference value 
using Friedman’s test followed by Dunn’s test, by using 
the Statistical Package for Social Sciences version 10.0 
(SPSS Inc, Chicago, IL, USA). If more than two lithium 
levels were done in the same month, the mean of these 
values were considered as the value of that month. Ten 
randomly-selected patient charts were cross-checked by 
another investigator for confirming the accuracy of the 
initial data collection. 

ReSuLTS

Data from 101 patients was collected. 72 (71.3%) were 
males and the mean (SD) age was 38.22 (± 12.07) years. 
The overall average dose of lithium taken by the patients 
was 938.24 (± 241.78) mg/day. Since the November mean 
lithium dose taken (938.61 ± 243.40 mg/day) was closest 
to the mean dose, this value was taken as the control value 
with which other values were compared. The oral dose of 
lithium did not show any significant difference from the 
control value. The overall mean plasma lithium value was 
0.47 ± 0.23 meq/L. Since the October mean plasma lithium 
value (0.45 ± 0.22 meq/L) was the closest to the mean, 
this value was taken as the control and all other values 
were compared with it. The plasma lithium values of June, 
July and August were significantly high, compared to the 
control value. Maximum difference observed for lithium 
levels between the different months was 25% (Figs. 1 & 
2).

DISCuSSION

There was convincing evidence of higher plasma lithium 
levels observed in June, July and August compared to 
October (control). The oral lithium dose did not show 
any significant difference over the months. Hence, it 

Fig. 1 Bar chart shows the comparison of the plasma lithium 
levels (mean ± SD) over the months with respect to October as 
the control month.
Analysis was done by Friedman’s test followed by Dunn’s test. Fr 
value: 115.08, p < 0.001.
*p < 0.05; **p < 0.01

Fig. 2 Bar chart shows the comparison of the different doses of 
lithium (mean ± SD) taken per month compared to the control 
month, November.
Analysis was done by Friedman’s test followed by Dunn’s test. Fr 
value: 2.84, p = 0.99.
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could be concluded that plasma lithium levels showed 
significant seasonal variation among MDP patients who 
were put on long-term prophylaxis with lithium. However, 
the mean plasma lithium values in all the months were 
within the normal range throughout the study period. 
There was a 25% variation observed in the lithium levels 
during the different seasons in this study. Studies done in 
Italy, the Netherlands and the United States have shown 
higher lithium levels in summer.(10-12) Patients with an 
early onset of MDP had showed greater variation in the 
lithium levels.(10) Variations observed in Italy was 10% 
and in the Netherlands 5%.(10,11)  Lithium, because of its 
narrow therapeutic index and marked interindividual 
variation, requires TDM in those patients who are on 
prophylaxis.(4-9) Considerable variation in lithium levels 
during the different seasons can lead to lithium toxicity 
in summer and lack of efficacy in winter. Hence, this 
observation further strengthens the need of more frequent 
lithium monitoring. Perspiration leading to loss of sodium 
and water from the skin, leading to a compensatory 
increased reabsorption of monovalent cations like lithium 
from the nephrons, is suggested to cause this increased 
level.(10) Increased perspiration due to a hotter climate in 
India (compared to Italy and the Netherlands) seems to 
explain the higher variability in India. 
 Seasonal variation in the incidence of psychiatric 
illnesses, like bipolar disorder, suicide, mania, 
depression and schizophrenia, have been observed and 
its potential relation to temperature variation has been 
suggested.(16-19) Cortisol levels after dexamethasone 
suppression test in depressed males, L-tryptophan 
availability in plasma, monoamine metabolites and 
neuropeptides in cerebrospinal fluid (CSF), 5-hydroxyl 
indole acetic acid and homovanillic acid levels in CSF, 
mood response following L-tryptophan administration 
and thyroid hormone levels, have been studied for a 
potential explanation of the seasonal pattern of these 
illnesses.(20-24)  It is observed that lithium is more retained in 
the body during the manic phase, following improvement 
of which there is increased urinary excretion.(25) Lithium 
distribution pattern in manic and normal individuals have 
showed differences.(25) There are conflicting observations 
regarding the response of psychiatric illnesses to lithium 
in different seasons.(11,26) These observations have led to 
the dilemma that lithium variation is secondary to the 
disease pathophysiology or disease variation is secondary 
to lithium level variation. However, there is no alternative 
to the maintenance of plasma lithium with a clear-cut limit 
for optimum benefit and to avoid toxicity.
 Only confirmed MDP patients who were on 
continuous follow-up for a minimum period of a year, 
including only severely-ill patients, were included in 

the study. Concomitant drugs were not monitored, but 
it was expected not to interact with the lithium levels 
since these precautions are usually taken when drugs 
are prescribed in a tertiary care facility. Accuracy of the 
drug level estimation, which depends on the timing of 
the blood sample with respect to lithium intake, sample 
transportation, storage and estimation procedures, 
were expected to be standardised since this is a routine 
procedure in the hospital.(9) Being a retrospective study, 
the inability to cross-check the accuracy of the plasma 
lithium  levels was unavoidable. Total number of actual 
plasma lithium levels estimated in the different months 
varied throughout the year, thereby necessitating a carry-
over technique to substitute for the missing values. Most 
of the above-mentioned problems were unavoidable in any 
retrospective study. However, the increased variability 
observed, compared to the earlier studies, strongly 
indicates that hot climates with high humidity are the 
cause of the variation. Similar studies in different latitudes 
and longitudes of the world should be conducted to verify 
this finding. 
 It could be concluded that in a subtropical country like 
India, there are seasonal variations observed in plasma 
lithium levels of up to 25%, with no significant change 
in the oral lithium dosage. This implies that frequent drug 
level monitoring and oral dose adjustment of lithium are 
required to avoid significant variation in plasma lithium 
levels which can otherwise lead to toxicity or lack of 
efficacy, especially since lithium is a drug that follows a 
narrow therapeutic index. 
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