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Abstract It has been reported recently that the prophy-
lactic efficacy of lithium is a transient phenomenon in
many patients. Other studies suggest sustained efficacy
against affective recurrences for many years. Asthisissue
is of major therapeutic relevance, published literature
considering changes in lithium efficacy over time has
been reviewed. The present review includes a critica
evaluation of the data and the methodology which yielded
these controversial results. Considering the published data
discussed in this review, the balance of evidence does not
indicate a general loss of lithium efficacy in the prophy-
laxis of major affective disorders. A supposed persistence
of the prophylactic effects in general does not, however,
exclude the reappearance of affective recurrences after
years of successful treatment in individual cases. Possible
reasons for this phenomenon are discussed.
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Introduction

Lithium efficacy in the long-term treatment of recurrent
mood disorders is discussed controversially in many re-
spects. Some authors have questioned the long-term effec-
tiveness of lithium in general (Moncrieff 1997). Other au-
thors (Guscott and Taylor 1994; Schou 1993, 1999) em-
phasise the relevance of compliance, adequate dosage,
and symptomatology. They argue that low response rates
in some studies are due to under-dosing, non-compliance,
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and the inclusion of patients who are unlikely to respond
to lithium. In a recent study (Greil et a. 1998), lithium
was highly efficacious in patients with a*“classical” bipo-
lar symptomatology, but not in patients with “non-classi-
cal” features such as mood incongruent psychotic delu-
sions or comorbidity. Schou (1993) argues that lithium is
not a panacea but highly effective when patients are care-
fully selected according to the clinical picture and their
presumed compliance. But even for patients who are
likely to be compliant and initially responsive to lithium,
the long-term efficacy has been questioned. In a couple of
publications, two distinct phenomena affecting the long-
term use of lithium are discussed: refractoriness, which
seems to be induced by lithium-discontinuation, and a
gradual loss of efficacy over time. Discontinuation-in-
duced refractoriness is described as resistance to lithium
therapy after lithium prophylaxis was discontinued and
resumed (Post et al. 1992; Coryell et al. 1998). Gradual
loss of efficacy is defined as a recurrence under an ini-
tially effective maintenance treatment without interruption
of the prophylactic treatment (Post et al. 1993; Mg et al.
1996). These two patterns of non-response may involve
very different neurobiological mechanisms (Post et al.
1993) and should be considered separately. Thisarticle fo-
cuses on the latter phenomenon. It provides acritical eval-
uation of the literature on the loss of prophylactic efficacy
of lithium during continued treatment, and a reanalysis of
the largest clinical trial that prospectively investigated
changes in lithium efficacy over time (Coryell et al. 1997).

Evaluation of the published data

Patients who have suffered from recurrences after initia
response to lithium prophylaxis have been described for at
least 20 years (see Table 1). In recent years, this topic has
been addressed more systematically by several investiga-
tions, including two prospective studies with large case
numbers (Mg et a. 1989; Coryell et al. 1997).

Mg et a. (1985, 1989) have prospectively examined
the long-term outcome of 68 bipolar and 79 unipolar pa-



Table1 Literature on changesin lithium efficacy over time
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Author Study design Diagnosis

Author’s comment on changes in lithium efficacy

Dotti and Bernini
(1979)

Felber (1979)

Series of cases reports

Retrospective, 23 months
of lithium treatment on
average
disorder
Mg et al.
(1985, 1989)

Prospective, 7 years of
lithium treatment

Nilsson and
Axelsson (1989)

Post et al. (1993)

Prospective, 7 years of
lithium treatment

Case series and asingle
case report

Koukopoulos Retrospective, 12.2 years of

et al. (1995) prophylactic treatment on unipolar depressive
average
Berghofer et a. Retrospective, 8.2 yearsof  Unipolar, bipolar affective
(1996) lithium treatment on or schizoaffective disorder
average
Coryell et a. Prospective, 96 weeks Mania, schizoaffective
(1997) mania or major depression

with history of either
mania or schizoaffective

mania (RDC)

Manic-depressive illness

Monopolar depressive,
monopolar manic, bipolar
affective and schizoaffective

major depression and
bipolar disorder (DSM-I1I)

Major depression and
bipolar disorder (DSM-I11)

Lithium-refractory
affective disorders

Bipolar I, bipolar I1,

“In some cases, lithium seems to lose its efficacy
after several years of ‘successful treatment’” (p. 295)*

“A positive association between treatment success
and the duration of treatment was found.” (p. 67)*

“Overall, the results ... confirm that lithium retains its
prophylactic efficacy in the long term” (p. 537) “in
some patients recurrences may reappear, after years of
successful treatment” (p. 537)

“Depressive symptoms significantly increased during
the 7-year follow-up period” (p. 387)

“34.9% (of the patients) ... presented either an initial
complete or partial response to lithium, then a gradual
loss of efficacy over time” (p. 72)

“7 cases of good response ... became poor responders
after an average of 10 ... years of lithium treatment”
(p. 140) “(13) patients after an average of 10 years of
poor response showed an excellent and long lasting
response” (p. 140)

“There was no indication of aloss of the prophylactic
effectin ... patients ... who had been treated for amin-
imum of 10 years’ (p. 349)

“The apparent transience of lithium prophylactic ef-
fects ... may reflect important, physiological differences
between relapse and recurrence.” (p. 281) “Lithium
may be effective in the prevention of relapses but not
in the prevention of recurrences.” (p. 286)

* Trandlated by the authors

tients under prophylactic lithium treatment. The total fol-
low-up of seven years was divided into two treatment pe-
riods. Period | comprises the first two years; period Il isa
long-term study of the 43 bipolar and 36 unipolar respon-
ders who had been stable on lithium for the first two
years. Of 49 patients who completed study period Il, 14
suffered from arelapse or recurrence. This corresponds to
an average annual failure rate of 6.5%. The average an-
nual failure rate during study period | was 32%. Although
these relapse rates during period | and Il are not directly
comparable because the drop-outs and failures during pe-
riod | lead to a selection bias, these results can be seen as
an indication that in general “lithium retains its prophy-
lactic efficacy in the long term” (Mg et a. 1989, p. 537).
However, four patients who have been evaluated as com-
pliant had three or more episodes which occurred during
the last two years of period Il after a stable period of at
least five years. This observation indicates that “in some
patients recurrences may reappear after years of success-
ful treatment” (Mg et al. 1989, p. 537). Patients with af-
fective recurrences after several years of an apparent re-
sponse to prophylactic lithium treatment have also been
reported by Koukopoulos (1995). Out of the 129 poor re-
sponders described in this study, 7 patients had previously
shown good response for an average of 10 years. On the
other hand, 13 patients showed an excellent and long last-
ing response after an average of 10 years of poor re-
sponse.

Berghofer et al. (1996) systematically examined the re-
currences in 86 patients over a period of 8.2 years on av-
erage. They found that in patients who had been treated
for at least 10 years the duration of depressive episodes
and the severity of manic episodes were lower for years
6-10 as compared to years 1-5. The average morbidity in-
dex, however, did not change substantially during the ob-
servation period. In total, their “data suggest that the ef-
fect of regular lithium prophylaxis remains constant over
a period of up to 10 years in monopolar and bipolar pa-
tients” (p. 353). These results are in line with Felber
(1979) who found that the reduction of affective episodes
was more pronounced in patients treated for 42-48
months than in patients who were on lithium for 6-12
months.

On the other hand, Nilsson and Axelsson (1989) re-
ported an increase in psychopathology in n = 37 patients
with major affective disorders who were continuously
treated with lithium. A high percentage of the patients de-
veloped depressive symptoms during the follow-up period
of 7 years. Various reasons for this phenomenon are dis-
cussed, e.g., natural aggravation of the underlying illness
and a changed treatment policy aiming at a serum level
within the lower therapeutic range.

The study of Post et a. (1993) examined the case his-
tories of 66 patients who were refractory to prophylactic
lithium treatment. They report that about one third of
these patients initially showed at least partia response to
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Fig.1 Number of recurrences in the group without lithium pro-
phylaxis according to Table 2 in Coryell et a. (1997), n = 38 (four
patients were lost during follow up)

lithium and a gradual deterioration of psychopathology.
An evaluation of these results is difficult as patients and
methods are not extensively described. According to Post
et a. (1993, p. 74) this case series suggests “that a sub-
group of initially good responders to lithium may eventu-
aly develop tolerance during long-term prophylaxis’.

Coryell et al. (1997) prospectively investigate whether
the relapse-preventing potential of lithium in bipolar pa-
tients is a transient phenomenon or whether lithium pro-
vides sustained prophylactic effects. For this purpose, a
group of patients treated with lithium prophylaxis (n =
139) was compared to a group without lithium (n=42) in
a naturalistic setting. Comparisons were carried out by
survival analyses for weeks 9 to 96 after recovery. The
analyses were done separately for weeks 9-32 and for
weeks 32-96. Survival analyses for the second interval
(weeks 32-96) included those patients who did not re-
lapse during the first interval. Lithium was significantly
superior for the first interval, but for the second interval,
no clear-cut difference between the lithium group and the
no-lithium group was found. Referring to these results,
the authors argue that “the apparent transience of lithium
prophylactic effects is unexplained and may reflect im-
portant, physiological differences between relapse and re-
currence” (p 281).

An dternative interpretation of these results is, how-
ever, possible. As can be seen from Fig. 1, the sample in-
vestigated seems to be rather heterogeneous regarding the
risk to suffer from a recurrence. Many patients without
prophylactic lithium relapse within the first 32 weeks. For
those patients who did not rel apse during the first interval,
the risk seems to be rather low. As a consequence, it is
likely that the patients who enter the second interval are at
a much lower risk than those patients who relapsed from
weeks 8 to 32. Lithium has proved to prevent relapses in
many patients at risk (e.g., Coppen et al. 1971; Stallone et
al. 1973; Prien et al. 1973). This relapse-preventing prop-
erty of lithium may lead to an overrepresentation of high-

risk patients at the end of the first interval in the lithium
group as compared to the no-lithium group. As a conse-
guence, a low-risk sample in the no-lithium group would
be compared to a sample with a higher risk in the lithium
group for the weeks 32—96. This might lead to a substan-
tial biasin favor of the group without lithium prophylaxis
for the second part of the observation period (weeks
32-96).

Model calculations

In order to test the alternative interpretation of the data
presented by Coryell et a. (1997), model calculations
have been carried out. The model calculations are based
on the empirical data and methodology presented in Table
2 and the figures of the publication by Coryell et al.
(1997). These data are, however, not sufficient for model
calculations and additional assumptions had to be made.
Altogether, the model calculations are based on the fol-
lowing assumptions:

1. A lithium group of 139 patients and a group of 42 pa-
tients without lithium prophylaxis are observed for 11
time intervals of 8 weeks. The interval length of 8 weeks
is chosen according to Coryell et al. (1997), Table 2.

2. Both groups comprise high-risk and low-risk patients.
The proportion of high-risk patients is 50% in both
groups. This assumption is made according to Coryell et
al. (1997), Table 2: About 50% of the patientsin the group
without lithium prophylaxis suffer from an early re-
lapse/recurrence within the first 32 weeks. The risk for
these patients seems to be very high. The interval specific
probabilities of recurrence of the patients who survive the
third interval seemsto be rather low (see also Fig. 1 of the
present publication). The probabilities for a treatment fail-
urein the high-risk and low-risk group are estimated from
the no-lithium group (Coryell et al. 1997, p. 286) by using
a minimum chi square estimation. The goodness-of-fit
criterion (chi-square measure) is defined as follows:

S (n = np (T, 15,))? !:min(Ttl,

np (T4, 7T, ™)

i=1
where

n = total number of patients without prophylactic lithium
(n=42),

n; = number of patients with a relapse/recurrence in weeks
9-32. n; = 0.428n = 18; 0.428 is the probability to
relapse during weeks 9-32. This figure is given by
Coryell et al. (1997), p. 286

n, = number of patients with a relapse/recurrence in weeks
33-96. n, = 0.2857(n — n;) = 7; 0.2857 is the prob-
ability to relapse during weeks 33-96. Thisfigureis
given by Coryell et a. (1997), p. 286

n; = number of survivors (no relapse/recurrence in weeks
9-96). n;=n—(n; + ny) =17

7 = risk for a high-risk patient to suffer from a relapse/
recurrence within an interval of 8 weeks



75, = risk for alow-risk patient to suffer from arelapse/re-
currence within an interval of 8 weeks

p.(7%, %) = total probability to relapse during weeks
9-32 (inthe model). p,(7g, 15) isafunction of
g and 15

p.(75, %) = total probability to relapse during weeks
33-96 (in the model). p,(75, 75) is afunction
of /g and 13,

ps(7, 75) = probability to survive week 96 without recur-
rence (in the model). ps(7g, %) is a function
of 74 and 7,

The choice of the three cells was done according to
Coryell et a. (1997), Figs.1-2 and in order to get rela
tively reliable estimates of the expected cell numbers

MP1(78, 75),NoP2( 78, T8),NgP3( 78, T5).

3. Lithium reducesthe likelihood for arelapse/recurrence.
The efficacy is estimated from the recurrence rates in the
first 32 weeks (0.238 for lithium treatment and 0.428
without lithium treatment) given by Coryell et al. (1997),
p. 286. For an interval of 8 weeks, the efficacy (reduction
of risk) is estimated as

1-3(1-0.238)
1-3(1-0.428)

4. In contrast to Coryell et a. (1997), it is assumed that
lithium efficacy is not transient, but remains unchanged
throughout the whole observation period.

Based on these assumptions, the survivor functions for the
group without lithium treatment are calculated as follows.
At week 8 after recovery, n = 42 patients are relapse-free;
al patients are at risk: By assumption, 21 patients are at a
low risk and 21 at a high risk. Out of these patients, 211,
+ 211, have relapsed at week 16 (1t and 1, are the risks
for the high- and low-risk group, respectively). The re-
maining 42 — (21, + 2111,) patients are at risk at the end
of week 16. The other patients have already relapsed. Out
of these 42 — (21m, + 211,) patients, n, = 21 — 211 are at
ahighrisk and n, =21 - 211, are at alow risk. n,Ty + NG,
of these patients have relapsed at week 24. n, + n, — (NyTy
+ nyTy) patients are at risk at the end of week 24. This pro-
cedure is continued to the end of week 96. The number of
patients relapsing in weeks 9-32, weeks 33-96, and of
those who survive week 96 according to these model cal-
culations are compared to the respective numbers of pa-
tients presented by Coryell et a. (1997). For the lithium
group, the survivor functions are calculated in a similar
way. The only major difference to the calculations for the
no-lithium group is that Ty, and 11, (the risk for a recur-
rence for the high and low risk patients, respectively) are
multiplied by a constant factor (efficacy, reduction of risk)
which has been estimated previously.

Figures 2—3 present the results of model calculations
for which it is assumed that lithium efficacy remains un-
changed during the whole study period. Besides this as-
sumption, the model is based on the empirical data and
methodology of the publication by Coryell et a. (1997).
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Fig.2 Expected survivor functions under lithium (——) and with-
out lithium (——-) for weeks 8-32 (model calculations)
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Fig.3 Expected survivor functions under lithium (——) and with-
out lithium (——-) for weeks 32-96 (model calculations)

The survivor functions resulting from these model calcu-
lations largely correspond to the respective survival
curves as presented by Coryell et a. (p. 285): Lithium is
clearly superior for the first interval. Thereafter, the
curves of the two groups are similar — in spite of the as-
sumption of a persistent efficacy of lithium. Hence, the
empirical data do not contradict the hypothesis of sus-
tained efficacy.

Discussion

Recently, it has been suggested by Coryell et al. (1997)
that lithium efficacy is a transient phenomenon. A loss of
efficacy in lithium prophylaxis would have important
therapeutic consequences. Therefore, a critical evaluation
of the publication of Coryell et a. (1997) and a review of
the literature has been done. Regarding the data presented
by Coryell et a. (1997), an dternative explanation is pos-
sible. The aternative interpretation of the data does not
contradict the assumption of persistent effectsin the long-
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term treatment with lithium. It is, however, very difficult
to draw adistinct conclusion from these data or from the
other studies considered in this review.

One major difficulty in the evaluation of long-term ef-
ficacy of lithium isthat the course of affective disordersis
extremely variable (Angst 1980; Post et al. 1986). Hence,
if there is no control group, it is unclear whether changes
in treatment response after several years of treatment are
related to the medication or to the course of the illness.
The interpretation isfurther complicated by the possibility
that the use of antidepressant co-medication might in-
crease the frequency of episodes (Kukopulos et al. 1980;
Wehr and Goodwin 1987) and affect response to prophy-
lactic lithium (Reginaldi et a. 1981). Other factors such
as cocaine abuse, sleep reduction, and jetlag might have
similar effects on treatment response (Goodwin and
Ghaemi 1998; Wehr et al. 1987).

The comparison of the different studies presented in
this review is complicated by differences in the study de-
signs and in the samples investigated. Inconsistencies re-
garding the samples are not only due to differences in the
diagnostic systems and inclusion criteria applied, but also
to a selection bias: recent studies are more likely to in-
clude treatment-resistant, more severely ill patients who
are referred to tertiary research centers (Goodwin and
Ghaemi 1998). The overrepresentation of patients who do
not respond to standard therapy is also a serious drawback
regarding generability of the results. As the comparability
of the different studies is limited, it is difficult to draw
definite conclusions regarding a possible loss of lithium
efficacy. When summarizing the pros and cons, there is,
however, little evidence to support a general loss of effi-
cacy over time.

Most studies following patients over several years of
lithium treatment found sustained or even improved re-
sponse for a majority of patients (Felber 1979; Mg et al.
1989; Berghofer et al. 1996). The apparent improvement
of lithium efficacy on affective symptomatology which
has been reported in some studies and reviews (Schou
1968) should, however, be interpreted very cautiously.
Many patients who do not respond adequately might drop
out before the end of the observation period and this
might result in an unquantifiable overrepresentation of
good responders in the samples who have been treated for
several years.

As mortality rates are highly increased in affective dis-
orders (Tsuang and Woolson 1978; Goodwin and Jamison
1990; Tondo et al. 1998), a comprehensive evaluation of a
treatment strategy should also consider the effectiveness
in reducing excess mortality. It is widely accepted that
suicidal behavior in patients suffering from a major affec-
tive disorder is reduced by long-term treatment with
lithium (Coppen 1994; Ahrens and Mller-Oerlinghausen
1997; Goodwin and Ghaemi 1998; Tondo et al. 1998).
Thereisaclear-cut and enduring reduction of suicidal be-
havior during lithium maintenance as compared to periods
before lithium treatment and periods following lithium
discontinuation (Ahrens et a. 1993; Mduller-Oerling-
hausen et al. 1994). The enduring reduction of suicides

can, however, not prove persistence of lithium efficacy
because the methodological difficulties in interpreting
these results are quite similar to those in the evaluation
of changes in the rate of recurrences over time. But the
data regarding efficacy on suicidal behavior are in line
with a persistent lithium efficacy as they do not indicate a
loss of the antisuicidal and mortality-reducing effects of
lithium.

The supposed persistence of lithium efficacy in general
does, however, not exclude that affective symptoms may
reappear in some patients who were apparently responsive
to lithium for months or even years. This phenomenon has
been observed by several authors (Dotti and Bernini 1979;
Mgj et al. 1989; Post et al. 1993; Koukopoulos 1995; Mg
et a. 1996), and is well established. The reasons are un-
clear. Terms like “lithium tolerance” (Post et al. 1993)
suggest that lithium loses its efficacy in a similar way as
carbamazepine loses its seizure-preventing properties, but
this suggestion remains highly speculative.

Alternative explications consider the course of theiill-
ness. The natural course of affective disorders is capri-
cious and tends to become more severe over time (Angst
1980; American Psychiatrie Association 1994). In some
cases, the natural aggravation of the underlying illness
might outweigh the prophylactic effects of lithium (Nils-
son and Axelsson 1989; Koukopoulos et al. 1995; Post
and Weiss 1995; Mgj et al. 1996). But even if thereis no
aggravation, one would expect that in some patients sev-
eral months or even years might elapse before the first
episode under lithium occurs. In general, lithium cannot
completely eliminate the affective illness but only reduce
the likelihood and severity of affective episodes (Baastrup
and Schou 1967; Coppen et al. 1971; Persson 1972; Prien
1983; Goodwin and Jamison 1990; American Psychiatric
Association 1994), prolonging the average time between
two episodes. Hence, it is not surprising that some pa-
tients suffer from a recurrence even after several years of
apparently successful treatment.

Another explanation of the apparent transience of effi-
cacy in some patients considers side effects that counter-
act the prophylactic effects of lithium. Lithium may in-
duce a dlightly depressed mood in some patients (Dotti
and Bernini 1979; Nilsson and Axelsson 1989). More-
over, long-term lithium treatment can cause endocrino-
logic side effects such as hyperparathyroidism which
might engender affective symptoms (Garfinkel et al.
1973; Franks et al. 1982; Brochier et al. 1994). Affective
symptomatology caused by side effects might counteract
the mood-stabilizing properties of lithium and appear as a
“loss of effectiveness’ (Brochier et al. 1994, p. 339).

Conclusion

Although affective recurrences appear in some patients
after years of an apparently successful treatment, the liter-
ature considered in this review does not indicate a general
loss of lithium efficacy in the prophylaxis of major affec-
tive disorders.
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