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■ Abstract Background Recently published data might
indicate that the polarity of recurrence is related to
lithium serum levels. To systematically test this hypoth-
esis all published maintenance trials in bipolar disor-
ders were examined with regard to this issue. Method
Maintenance studies were subdivided in trials with low
(i. e.below 0.6 mEq/l),medium (i. e.0.6 to 0.8 mEq/l) and
high (i. e. above 0.8 mEq/l) lithium serum levels. Per-
centage of depressive vs. (hypo-)manic or mixed recur-
rences were compared for these three groups. Results
The percentage of depressive recurrences in the groups
with low, medium and high lithium levels differed in a
clinically and statistically significant manner (12 %
vs. 38 % vs. 64 %, p < 0.0001). Conclusion The results
might indicate that low lithium levels are effective in
preventing depression whereas higher blood levels are
needed to prevent (hypo-)manic or mixed states.

■ Key words bipolar disorder · drug dose response
relationship · lithium · review

Introduction

The three latest randomized clinical trials (RCTs) in
long-term treatment of bipolar disorders were primar-
ily designed to establish lamotrigine and olanzapine as
mood-stabilizers (Calabrese et al. 2003; Bowden et al.
2003; Tohen et al. in press). However, these studies also

changed the appraisal of prophylactic lithium treat-
ment. First, they demonstrated that lithium continues to
be an excellent treatment option for the prevention of
affective episodes in a study design that is up to mod-
ern methodological standards. Second, these new stud-
ies raise the question whether a specific mood-stabilizer
might rather prevent the depressive pole, or the manic
pole of the illness. With respect to lithium the studies
seem contradictive at first sight. Both lamotrigine trials
suggest that lithium has its strength against the manic
pole of the illness. The olanzapine trial however pri-
marily supports lithium’s prophylactic antidepressive
properties (for details cf. Severus et al. submitted). This
might, at least partly, be related to a different spectrum
of efficacy of the substances to which lithium was com-
pared. An alternative explication would be that the con-
tradictory results are related to the different lithium
serum levels used in these studies. Lithium seems ef-
fective at preventing depression at a mean serum level
of 0.73 mEq/l (Tohen et al. in press) and seems effica-
cious in preventing manic or mixed states in the range
of 0.8 to 1.1 mEq/l (Calabrese et al. 2003; Bowden et al.
2003). This finding is in line with other reports which
support the idea that low lithium levels are needed to
prevent bipolar depression and high lithium levels to
prevent mania (for details cf. Kleindienst et al. submit-
ted).

We hence reviewed the published clinical trials with
regard to this question. Our hypothesis was that the per-
centage of depressive (vs. (hypo-)manic or mixed) re-
currences would clearly differ according to the mean
lithium serum levels in maintenance trials published
from 1966 to November 2004.

Methods

Localization of trials was based on a Medline search limited to “Ran-
domized Controlled Trials” or “Clinical Trials” in adult humans, using
the MeSH Terms “bipolar disorder” and “lithium”. The computer
based identification of trials was complemented by an extensive hand
search. Studies were included if they had an observation period of at
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least six months and used lithium monotherapy as the prophylactic
agent.

A total of 19 relevant studies were identified and included in the
following analysis (Bowden et al. 2000, 2003; Calabrese et al. 2003;
Coppen et al. 1976; Cundall et al. 1972; Gelenberg et al. 1989; Hartong
et al. 2003; Johnston et al. 1980; Kane et al. 1982; Kocsis and Stokes
1979; Lusznat et al. 1988; Mendlewicz et al. 1973; Persson 1972; Prien
et al. 1973, 1984; Quitkin et al. 1981; Stallone et al. 1973; Tohen et al. in
press; Waters et al. 1982).

The trials were subdivided into studies with low, medium and
high lithium serum levels (below 0.6 mEq/l vs. 0.6 to 0.8 mEq/l vs.over
0.8 mEq/l). Under the null hypothesis we would expect an equal per-
centage of depressive vs. manic or mixed recurrences in each of the
three groups. The association between serum level and polarity of re-
currence was evaluated using Mantel-Haenszel statistics. Total num-
bers of depressive vs. (hypo-)manic or mixed recurrences were com-
pared using the sign test.

Results

We recorded 377 recurrences in the 19 studies that re-
ported the polarity of recurrence. In general, (hypo-)
manic or mixed recurrences tended to be slightly more
frequent than depressive recurrences (217 vs. 170,
p = 0.063).

Lithium levels were clearly related to the polarity of
recurrence (χ2(1) = 45.27, p < 0.0001, see Fig. 1). Depres-
sive episodes were relatively frequent in the group with
high lithium levels (64 % of the recurrences were de-
pressive in this group) but rare in the group with low
lithium levels (only 12 %). The medium group (lithium
levels between 0.6 and 0.8 mq/l) was also in the middle
with respect to percentage of depressive recurrences
(38 %, see Fig. 1).

Discussion

The results of our analysis clearly indicate that the po-
larity of recurrence (depressive vs. manic or mixed)
highly depends on the lithium blood level. Low lithium
levels might better prevent depressive than (hypo-)

manic or mixed states. Inversely, higher lithium levels
might be effective in preventing (hypo-)manic or mixed
states.

This review has several limitations which need to be
addressed. The studies reviewed are very heterogeneous
as to the study design and patient population. In most of
the studies plasma levels are only available as mean val-
ues or target ranges. It is therefore impossible to exclude
the possibility that the results from this review have
been influenced by stratification effects and confound-
ing variables. For instance, over the last three decades, a
significant shift has taken place in both the patients in-
cluded in clinical trials and the recommended lithium
levels. In the 1970s most patients with bipolar disorder
enrolled in clinical trials had a history of at least one
full-blown manic episode. At the same time lithium lev-
els used in these trials tended to be relatively high. Con-
sequently patients prone to mania tended to be main-
tained on relatively high serum levels. Similarly, a
multitude of other confounders could be discussed,
which are impossible to control for and therefore have to
be regarded as a serious limitation to the result pre-
sented in this review.

The only reliable way to overcome such confounders
and limitations is to relate lithium levels to polarity of
recurrence within a trial. In order to address this ques-
tion, in summer 2004 we contacted major research
groups who have recently carried out RCTs implying
prophylactic lithium (Bowden et al. 2000; Calabrese et al.
2003; Perlis et al. and Tohen et al. in press). A collabora-
tive analysis of the data is underway but results are not
fully available yet. In the meantime we have to rely on the
two published lithium trials relating different serum lev-
els within the trial to subsequent manic and depressive
recurrences. Kocsis and Stokes (1979) report signifi-
cantly lower lithium levels during the three-month peri-
ods preceding manic episodes than during the periods
preceding depressive episodes (0.47 vs. 0.64 mEq/l) and
hence fully support the major finding of this review.
However, as patients were not randomized to a specific
lithium level, this finding could well result from other
potential confounders already discussed above. Conse-
quently, from a methodological point of view the evi-
dence provided by the study by Gelenberg et al. (1989) is
the strongest available today as patients were random-
ized to two different ranges of plasma lithium levels.
Again, the probability for a manic or mixed relapse/re-
currences was clearly related to the lower range of
lithium levels (0.4–0.6mEq/l). This result is statistically
significant as has been shown in a recent review
(Severus et al. submitted).

While the results of this trial are compatible with
(and even suggestive of) the idea that low lithium levels
might be more effective against depressive than against
(hypo-)manic or mixed states, they do not prove it. The
analysis we performed exclusively deals with the per-
centage of depressive versus manic/mixed episodes at a
given lithium serum level. It does not tell anything about
the total number of both depressive and manic/mixed

Fig. 1 Percentage of depressive vs. (hypo-)manic or mixed recurrences in patients
with low (n = 43), medium (n = 184) and high (n = 150) lithium levels



74

episodes. For example, we cannot exclude the possibility
that, although the relative percentage of depressive
episodes is highest in the high serum lithium level
group, the absolute number might be very small. This
scenario could happen if the total number of manic
episodes is extremely small at high lithium levels. Con-
sequently the relative percentage of depressive episodes
would necessarily increase, even if the absolute number
of depressive episodes also decreases at high lithium lev-
els.

In summary the available evidence indicates that
prophylactic lithium has a distinctly different spectrum
of efficacy depending on the precise lithium serum level.
If this result could be further corroborated by a more
rigorous approach that excludes or controls for major
confounders, this finding might well change our ap-
proach with regard to the use of lithium in the prophy-
lactic treatment of bipolar disorder.

References

1. Bowden CL, Calabrese JR, McElroy SL, Gyulai L, Wassef A, Petty
F, Pope HG Jr, Chou JC, Keck PE Jr, Rhodes LJ, Swann AC,
Hirschfeld RM, Wozniak PJ (2000) A randomized, placebo-con-
trolled 12-month trial of divalproex and lithium in treatment of
outpatients with bipolar I disorder. Divalproex Maintenance
Study Group. Arch Gen Psychiatry 57:481–489

2. Bowden CL, Calabrese JR, Sachs G, Yatham LN, Asghar SA,
Hompland M, Montgomery P, Earl N, Smoot TM, DeVeaugh-
Geiss J; Lamictal 606 Study Group (2003) A placebo-controlled
18-month trial of lamotrigine and lithium maintenance treat-
ment in recently manic or hypomanic patients with bipolar I dis-
order. Arch Gen Psychiatry 60:392–400

3. Calabrese JR, Bowden CL, Sachs G,Yatham LN, Behnke K, Mehto-
nen OP, Montgomery P, Ascher J, Paska W, Earl N, DeVeaugh-
Geiss J; Lamictal 605 Study Group (2003) A Placebo-Controlled
18-Month Trial of Lamotrigine and Lithium Maintenance Treat-
ment in Recently Depressed Patients with Bipolar I Disorder. J
Clin Psychiatry 64:1013–1024

4. Coppen A, Montgomery SA, Gupta RK, Bailey JE (1976) A dou-
ble-blind comparison of lithium carbonate and maprotiline in
the prophylaxis of the affective disorders. Br J Psychiatry 128:
479–485

5. Cundall RL, Brooks PW, Murray LG (1972) A controlled evalua-
tion of lithium prophylaxis in affective disorders. Psychol Med
2:308–311

6. Gelenberg AJ, Kane JM, Keller MB, Lavori P, Rosenbaum JF, Cole
K, Lavelle J (1989) Comparison of standard and low serum lev-
els of lithium for maintenance treatment of bipolar disorder. N
Engl J Med 321:1489–1493

7. Hartong EG, Moleman P, Hoogduin CA, Broekman TG, Nolen
WA; LitCar Group (2003) Prophylactic efficacy of lithium versus
carbamazepine in treatment-naive bipolar patients. J Clin Psy-
chiatry 64:144–151

8. Johnston BB, Naylor GJ, Dick EG, Hopwood SE, Dick DA (1980)
Prediction of clinical course of bipolar manic depressive illness
treated with lithium. Psychol Med 10:329–334

9. Kane JM, Quitkin FM, Rifkin A, Ramos-Lorenzi JR, Nayak DD,
Howard A (1982) Lithium carbonate and imipramine in the pro-
phylaxis of unipolar and bipolar II illness: a prospective,
placebo-controlled comparison. Arch Gen Psychiatry 39:
1065–1069

10. Kleindienst N, Severus WE, Greil W (2004) Are low lithium lev-
els needed to prevent bipolar depression and high lithium levels
to prevent mania? (submitted)

11. Kocsis JH, Stokes PE (1979) Lithium maintenance: factors affect-
ing outcome. Am J Psychiatry 136:563–566

12. Lusznat RM, Murphy DP, Nunn CM (1988) Carbamazepine vs
lithium in the treatment and prophylaxis of mania. Br J Psychia-
try 153:198–204

13. Mendlewicz J, Fieve RR, Stallone F (1973) Relationship between
the effectiveness of lithium therapy and family history.Am J Psy-
chiatry 130:1011–1013

14. Perlis RH, Sachs GS, Lafer B, Otto MW, Faraone SV, Kane JM,
Rosenbaum JF (2002) Effect of abrupt change from standard to
low serum levels of lithium: a reanalysis of double-blind lithium
maintenance data. Am J Psychiatry 159:1155–1159

15. Persson G (1972) Lithium prophylaxis in affective disorders. An
open trial with matched controls. Acta Psychiatr Scand 90:
295–297

16. Prien RF, Caffey EM Jr, Klett J (1973) Prophylactic efficacy of
lithium carbonate in manic depressive illness. Arch Gen Psychi-
atry 28:337–341

17. Prien RF, Kupfer DJ, Mansky PA, Small JG, Tuason VB, Voss CB,
Johnson WE (1984) Drug therapy in the prevention of recur-
rences in unipolar and bipolar affective disorders. Report of the
NIMH Collaborative Study Group comparing lithium carbonate,
imipramine, and a lithium carbonate-imipramine combination.
Arch Gen Psychiatry 41:1096–1104

18. Quitkin FM, Kane J, Rifkin A, Ramos-Lorenzi JR, Nayak DV
(1981) Prophylactic lithium carbonate with and without
imipramine for bipolar I patients. A double-blind study. Arch
Gen Psychiatry 38:902–907

19. Severus WE, Grunze H, Kleindienst N, Möller HJ (2004) The ef-
ficacy of lithium as maintenance treatment in bipolar disorder
in the light of new approval studies: lithium level as main focus
of efficacy (submitted)

20. Stallone F, Shelley E, Mendlewicz J, Fieve RR (1973) The use of
lithium in affective disorders. 3. A double-blind study of pro-
phylaxis in bipolar illness. Am J Psychiatry 130:1006–1010

21. Tohen M, Marneros A, Greil W, Calabrese JR, Sachs GS, Yatham
LN, Müller-Oerlinghausen B, Koukopoulos A, Cassano GB,
Grunze H, Licht RW, Dell’Osso L, Evans AR, Risser R, Baker RW,
Crane H, Dossenbach MR, Bowden CL (2004) Olanzapine versus
lithium in relapse/recurrence prevention in bipolar disorder: a
randomized double-blind controlled 12-month clinical trial.Am
J Psychiatry (in press)

22. Waters B, Lapierre Y, Gagnon A, Cahudhry R, Tremblay A, Saran-
tidis D, Gray R (1982) Determination of the Optimal Concentra-
tion of Lithium for the Prophylaxis of Manic-Depressive Disor-
der. Biol Psychiatry 17:1323–1329


