
Bipolar disorder is a complex heterogeneous recurrent episodic
illness with frequent comorbidity, high suicidality and requiring
complex pharmacological treatment. Valproate is one of the most
commonly used mood stabilisers worldwide. Indeed, in the USA,
valproate is the most used mood stabiliser given in monotherapy
followed by lithium,1 although the evidence for its effectiveness
remains somewhat sparse. Valproate has been best investigated
in the treatment of acute mania where it was superior to placebo
in three trials2–4 but not significantly different from lithium in two
out of three studies,3,5 lithium being slightly more efficacious
overall in the third study.6,7 Valproate has been found to be
effective in acute depression in three out of four small placebo-
controlled trials, of which the largest included 54 participants,
and two are unpublished.8 No study of bipolar depression has
compared valproate with lithium. Finally, two maintenance
studies on valproate have been published. In the only placebo-
controlled monotherapy maintenance study, neither valproate
nor lithium showed clear prophylactic effect compared with
placebo during 1-year follow-up9 and in the recent 2-year
BALANCE study lithium was more effective than valproate10 in
a mixed population, some of whom were also receiving other
long-term medicines.

In a recent statement, the US National Institute of Health
committed itself to comparative effectiveness research and large

scale observational studies.11 Although randomised controlled
trials (RCTs) are fundamental for demonstrating the efficacy
and safety of medications, their applicability to people with
bipolar disorder may be complicated by the complex and labile
symptomatic presentations of the illness, a tendency for individuals
to deny illness or reject treatment, and diagnostic heterogeneity in
routine practice.12 Clinicians frequently note that the effectiveness
of medication may be substantially less than the efficacy estimated
from highly controlled randomised data selectively submitted to
regulatory agencies.13 Further, realistically, only a small number
of large-scale RCTs will ever be conducted compared with the
number of important questions, for example, the cost of the
Clinical Antipsychotic Trials of Intervention Effectiveness Study
(CATIE) was over $40 million.14 Thus, evidence from randomised
trials may be usefully supplemented by data from large-scale
observational cohort studies that typically include a wide and
unselected range of individuals with a high treatment variability.15,16

We present data from a population-based and nationwide
register linkage study on all individuals with a diagnosis of bipolar
disorder within psychiatric hospital healthcare settings who were
treated with valproate or lithium during a study period of up to
12 years. We compared both rates of switch to, or add on of,
another psychotropic drug and psychiatric hospital admissions
for the two drugs.
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Background
Valproate is one of the most used mood stabilisers for
bipolar disorder, although the evidence for the effectiveness
of valproate is sparse.

Aims
To compare the effect of valproate v. lithium for treatment of
bipolar disorder in clinical practice.

Method
An observational cohort study with linkage of nationwide
registers of all people with a diagnosis of bipolar disorder in
psychiatric hospital settings who were prescribed valproate
or lithium in Denmark during a period from 1995 to 2006.

Results
A total of 4268 participants were included among whom 719
received valproate and 3549 received lithium subsequent to
the diagnosis of bipolar disorder. The rate of switch/add on
to the opposite drug (lithium or valproate), antidepressants,
antipsychotics or anticonvulsants (other than valproate) was
increased for valproate compared with lithium (hazard ratio
(HR) = 1.86, 95% CI 1.59–2.16). The rate of psychiatric hospital
admissions was increased for valproate v. lithium (HR = 1.33,
95% CI 1.18–1.48) and regardless of the type of episode
leading to a hospital admission (depressive or manic/mixed).
Similarly, for participants with a depressive index episode
(HR = 1.87, 95% CI 1.40–2.48), a manic index episode

(HR = 1.24, 95% CI 1.01–1.51) and a mixed index episode
(HR = 1.44, 95% CI 1.04–2.01), the overall rate of hospital
admissions was significantly increased for valproate
compared with lithium.

Conclusions
In daily clinical practice, treatment with lithium seems in
general to be superior to treatment with valproate.
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Method

Danish register data

Data were obtained by linking Danish population-based registers
using the unique personal identification number (CPR-number),
which is assigned to all 5.3 million people living in Denmark, thus
ensuring accurate linkage of information between registers,
irrespective of changes in name, etc.17 In this way, the Danish
Psychiatric Central Register18 was linked with the Medicinal
Product Statistics19 and the Danish Medical Register on Vital
Statistics.20

The Danish Psychiatric Central Register18 contains data on all
in-patients from 1970 and data on all out-patients treated at all
psychiatric hospitals in Denmark from 1 January 1995 and
onwards as a part of the official Danish health survey.21 Since
1 January 1994 the ICD-10 has been in use in the register.22 Thus,
in recent decades, data are available about accurate numbers of
hospital admissions.

The Medicinal Product Statistics contains data on all
prescribed medication purchased at pharmacies from 1 January
1995 and onwards.19 In Denmark, all medication prescribed by
doctors, such as lithium and anticonvulsants, is purchased only
at pharmacies and the following data are electronically recorded
in the Medicinal Product Statistics: the CPR-number of the
individual, the ATC code of the drug (Anatomical Therapeutical
Chemical classification system23), and the dose and the number
of tablets of the drug. Medication given during a hospital
admission is not recorded in the register. Neither the daily dosing
of the medication nor the indication for treatment are registered.
The Danish Medical Register on Vital Statistics20 contains data
about deaths.

Study sample

We identified all individuals who received for the first time a
main ICD-10 index diagnosis of bipolar disorder (ICD-10 code:
F30–31.9 + 38.00) at contact with a psychiatric in-patient or
out-patient service during the study period from 1 January 1995
to 31 December 2006 and who, following the index diagnosis,
purchased lithium (N05AN, N05AN01) or valproate (N03AG01)
at least once. From this population we excluded all individuals
who prior to their index diagnosis of bipolar disorder had
purchased lithium or valproate. Thus, the majority of participants
included in the study had been prescribed lithium or valproate
previously but a minority may have been given the drugs before
the study window opened.

Statistical analyses

In the analyses with switch to or add on as the outcome measure,
participants who purchased antidepressants, antipsychotics or
anticonvulsants (other than valproate) at the same date as they
purchased lithium or valproate were excluded. Cox regression
analyses were conducted comparing the rates of switch to or
add on of another psychotropic drug for participants who
purchased either lithium or valproate as monotherapy (besides
benzodiazepines and drugs for somatic illnesses), censoring at a
diagnosis of schizophrenia (ICD-10 code: F20–20.9), death and
end of the study period (31 December 2006). Another psycho-
tropic drug was defined as the opposite drug of interest (lithium
or valproate), antidepressants, antipsychotics or anticonvulsants
(other than valproate).

In the analyses with psychiatric hospital admissions as the
outcome the total study sample as defined above was included.
Cox regression analyses were conducted comparing the rates of

hospital admissions for participants who purchased lithium and
those who purchased valproate, censoring at purchase of the
opposite drug of interest (individuals who initially purchased
lithium were censored at the date of purchasing valproate, and
vice versa), a diagnosis of schizophrenia, death and at end of
the study period.

Analyses were adjusted for gender (male/female), age group in
5-year intervals (up to 24 years, 25–29, 30–34, etc. up to 60–64,
65+), years since diagnosis (0, 1, 2, etc. up to 11), purchase of
antidepressants, antipsychotics or anticonvulsants (other than
valproate) prior to purchase of lithium or valproate, and previous
number of psychiatric hospital admissions. In the analyses with
hospital admissions as the outcome, the models were further
adjusted dynamically for the time-dependent covariates of
concomitant use of antidepressants (yes, no), antipsychotics
(yes, no) and anticonvulsants (other than valproate, yes, no).

The analyses were carried out further for four subpopulations:

(a) participants with an index diagnosis of bipolar disorder,
current episode depression (ICD-10 codes: F31.3–31.51);

(b) participants with a diagnosis of a hypomanic or manic episode
or bipolar disorder, current episode hypomanic or manic
(ICD-10 codes: F30–31.21);

(c) participants with a mixed episode or bipolar disorder, current
episode mixed (ICD-10 codes: F31.6 or 38.00); and

(d) participants with bipolar disorder, currently in remission
(ICD-10 code: F31.7).

When psychiatric hospital admissions was the outcome,
analyses were made with overall hospital admissions as the
outcome and then with hospital admissions with a depressive
episode and those with a manic/mixed episode as respective
outcomes.

Cumulative incidence curves for the risks of interest were
estimated for the total population accounting for the competing
risks.

Results

A total of 11 404 people were recorded in the Danish Psychiatric
Central Register with a main diagnosis of bipolar disorder
between 1995 and 2006 inclusive and who had not previously
received a diagnosis of schizophrenia. Among this population,
the following individuals were excluded: 2584 people who had
purchased lithium prior to the index diagnosis, 160 who had
purchased valproate prior to the diagnosis, 98 who had purchased
both lithium and valproate prior to index diagnosis and 32 who
purchased lithium and valproate simultaneously following the
index diagnosis. Among the remaining 8562 individuals, a total
of 4268 purchased either lithium (n= 3549, 83.2%) or valproate
(n= 719, 16.8%) subsequent to the bipolar index diagnosis,
whereas 25 people were excluded because of a diagnosis of
schizophrenia between index diagnosis and first purchase, 9
people had an event on day of first purchase and 4228 individuals
did not purchase any of these drugs. The population of 4268
participants treated with either lithium or valproate was analysed
with psychiatric hospital admissions as the outcome (Table 1).
Gender distributions and age at first purchase of lithium and
valproate can be seen to be indistinguishable for the full
population and for specific subgroups by index episode
(depressive, manic, mixed, remission). The date of index contact
for a bipolar diagnosis was the date of discharge from a psychiatric
in-patient hospital admission for 67% of those participants who
were subsequently prescribed lithium and for 69% of those
prescribed valproate. In the remaining population, medication
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was prescribed following the date of the first psychiatric
out-patient index contact. The numbers of psychiatric hospital
admissions (including the index hospital admission) prior to
treatment was also similar for those prescribed lithium
(median 2, interquartile range (IQR) = 1–5) and those prescribed
valproate (median 3, IQR = 1–6). Prior to the index episode the
proportions of participants receiving other medications were:
for antidepressants 69% of those taking lithium and 75% of those
taking valproate; for antipsychotics 54% of those taking lithium
and 73% of those taking valproate; and other anticonvulsants
20% of those taking lithium and 34% for of those taking
valproate. The median duration from the index diagnosis of
bipolar disorder to first purchase of valproate was 0.2 years
(IQR = 0.0–1.6) and to first purchase of lithium it was 0.1 years
(IQR = 0.0–0.7). The use of medication concomitant with
lithium/valproate during follow-up was as follows: 63% of those
taking lithium and 60% of those taking valproate used anti-
depressants; 59% of those taking lithium and 75% of those taking
valproate used antipsychotics and 17% of those taking lithium and
13% of those taking valproate used anticonvulsants (other than
valproate). All Cox regression models were adjusted dynamically
for this time-dependent concomitant use. A total of 266
participants died during follow-up, 214 (6%) in the lithium group
and 52 (7%) in the valproate group, and 135 participants switched
to the opposite drug. Table 1 presents the rate ratios of psychiatric
hospital admissions for all 4268 participants, and then by
subgroup according to the different index episodes of bipolar
disorder. There were high rates of readmission overall and in
the diagnostic subgroups.

For the total population, the overall hazard rate for psychiatric
hospital admissions was significantly increased for valproate v.
lithium (HR = 1.33, 95% CI 1.18–1.48). This was seen for the rate
of hospital admissions with a depressive episode (HR = 1.32, 95%
CI 1.17–1.58) as well as for hospital admissions for a manic/mixed
episode (HR = 1.29, 95% CI 1.13–1.47).

For different index episodes, the largest effects favouring
lithium were evident for index depression (HR = 1.87, 95% CI
1.40–2.48); effects after manic (HR = 1.24, 95% CI 1.01–1.51)
and mixed index episodes (HR = 1.44, 95% CI 1.04–2.01) were
more equivocal (Table 1). For participants in remission, the
overall rate of hospital admissions did not differ between the
drugs. Additionally, the rates of hospital admissions with a
depressive episode and the rate with a manic/mixed episode were
significantly increased for valproate compared with lithium for
individuals with a manic as well as for people with a mixed index
episode, but not for those with a depressive index episode or for
individuals in remission (Table 1). Figure 1 illustrates the time
course of psychiatric hospital admissions for participants treated
with lithium or valproate, with increasing divergence favouring
lithium after about 1 year of treatment. The cumulative incidence
of hospital admissions, as presented in the figure, is uncorrected
for any effect of other variables.

Analyses using switch to/add on in the smaller population of
1845 individuals included 1555 (84.3%) who purchased lithium
and 290 (15.7%) who purchased valproate. Table 2 presents
characteristics and rate ratios of switch to or add on of another
psychotropic in all participants with bipolar disorder, and the
subgroup of participants with different index episodes, and treated
with valproate v. lithium in monotherapy. Characteristics such as
age, gender, history of psychiatric hospital admissions and drug
treatment were very similar to those for the 4268 participants
included in the analyses of hospital admissions. The hazard rate
of switch to or add on of another psychotropic drug (i.e. the
opposite drug of interest (lithium or valproate), antidepressants,
antipsychotics or anticonvulsants (other than valproate)) was
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significantly increased for valproate compared with lithium, and
for the subgroup with a depressive or a manic index episode.
The largest effects favouring lithium was evident for index depres-
sion (HR = 2.52, 95% CI 1.72–3.70). For individuals with a mixed
index episode and for those in remission, differences between the
drugs did not reach statistical significance. Figure 2 illustrates the
time course of switch to/add on for participants treated with
lithium or valproate, with increasing divergence favouring lithium
from the first months of starting treatment. As with Fig.1, the
cumulative incidence of switch to/add on, as presented in the
figure, is uncorrected for any effect of other variables. It should
be noted that differences between the two drugs in terms of the
cumulative risks of switch to/add on (Fig. 2) may partly be the
result of early intolerability for both drugs with a higher rate of
switch to/add on for valproate, as the main difference between
the two curves emerged during the first few months of treatment.

Discussion

This population-based, nationwide register linkage study included
up to 12 years follow-up and is by far the largest study, with the
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Fig. 1 Cumulative incidence curves for the risk of psychiatric
hospital admissions in people with bipolar disorder treated
with valproate v. lithium (uncorrected).
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Fig. 2 Cumulative incidence curves for the risk of switch to or
add on of another psychotropica in people with bipolar disorder
treated with valproate v. lithium in monotherapy (uncorrected).

a. Another psychotropic: the opposite drug of interest (lithium or valproate),
antidepressants, antipsychotics or anticonvulsants (other than valproate).
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longest follow-up, of individuals treated with valproate or lithium
ever described. The overall rate of psychiatric hospital admissions
was increased for people treated with valproate compared with
lithium after about 1 year, most marked for those with an index
episode of depression. The overall rate of switch/add on to the
opposite drug (lithium or valproate), antidepressants, anti-
psychotics or anticonvulsants (other than valproate) was increased
for valproate compared with lithium as was the rate for people
with a depressive index episode and the rate for those with a
manic index episode. In summary, treatment with lithium was
in general and overall superior to treatment with valproate.

The study is naturalistic in nature and design, so that
participants were not allocated treatment at random and
outcomes may be subject to confounding factors. We have
minimised the potential impact of earlier treatment by selecting
only participants receiving lithium or valproate for the first time.
Hospital admissions are an important hard outcome almost
always indicating significant treatment failure. When individuals
start with valproate or lithium as monotherapy, addition of
another drug indicates that the initial drug was not sufficient to
improve affective symptoms or maintain remission, or in the
case of a switch, there was an inadequate response or intolerable
side-effects.

Lithium is frequently used in Denmark. A total of 0.3% of the
Danish population was treated with lithium during a period from
1995 to 1999 inclusive24 compared with 0.06% of the German
population25 (we are not aware of other published national
prevalence rates for lithium). Reasons for this relatively frequent
use may be that lithium was introduced early in Denmark due
to the pioneer work of Mogens Schou26,27 and for decades it has
been regarded as the drug of choice of all the mood stabilisers.28

Nevertheless, the frequency of lithium treatment does not reach
the recommended level of 0.6% of the population as suggested
by Müller-Oerlinghausen et al as a rational treatment strategy.25

In the present study, 16.5% of participants were treated with
valproate in monotherapy and 83.5% with lithium in mono-
therapy (Table 1). We chose to compare valproate with lithium
because lithium is the most used active comparator in randomised
trials for bipolar disorder. Lithium has, for more than 60 years,
been the main mood-stabilising treatment for bipolar disorder
with good evidence.29,30 Nevertheless, for some individuals the
use of lithium may be hampered by side-effects and a lack of
benefit. Further, the evidence for an effect on acute depression8

and mania31 is weaker.

Strengths and weaknesses

The diagnoses in the Danish Psychiatric Central Register originate
from different clinicians all over Denmark using ICD-10 criteria
for bipolar disorder and are not standardised for research
purposes. The ICD-10 criteria for bipolar disorder includes
bipolar I as well as bipolar II disorders but does not discriminate
between these two. Data from the Medicinal Product Statistics is
close to 100% accurate, as drugs prescribed by doctors cannot
be purchased at pharmacies without individualised data being
electronically submitted to the Medicinal Product Statistics.

Results from RCTs often have limited generalisability to
clinical practice as these trials usually have strict inclusion and
exclusion criteria resulting in highly selected samples of
participants with bipolar disorder who usually do not have
comorbidities, such as alcohol, cannabis or substance misuse, or
who suffer from less severe illnesses because individuals with
psychosis, rapid cycling, substance misuse/dependence or those
at high risk of suicide are frequently excluded.13,16 As a result of
these inclusion and exclusion criteria, RCTs within affective

disorders include selected populations of between 15 and 35%
of patients seen in clinical practice.32–34 The present study
includes all individuals in Denmark who had a diagnosis of
bipolar disorder given to them in psychiatric hospital care settings
as in-patients and who subsequently were treated with valproate
or lithium as out-patients, as well as all out-patients in psychiatric
hospital care settings without a prior hospital admission. All
treatment data were included for all out-patient settings, i.e.
within psychiatric hospital out-patients, community psychiatric
centres, private specialist practice and general practice. Individuals
treated in psychiatric hospital care settings more often experience
severe, complicated and treatment-resistant bipolar disorder.
Thus, participants included in the analyses may have been treated
with drugs other than valproate or lithium by general practitioners
or private psychiatrists prior to contact with a psychiatric hospital
service, as might be reflected in the relatively old sample (median
age 50 years, IQR = 39–60). In this way, our findings may not be
directly applicable to people who are diagnosed with milder forms
of bipolar disorder in general practice or in private psychiatric
practice and who do not gain access to psychiatric hospital care,
or to those who have undiagnosed bipolar disorder. The
background study population of individuals with bipolar disorder
from which the samples for analyses were drawn included 11 404
people treated in psychiatric hospital care settings, corresponding
to 0.3% of the approximately 4 million adults in Denmark.

We identified people with a diagnosis of bipolar disorder who
received lithium or valproate for the first time by excluding 2482
(21.8%) individuals who were given these drugs before their
bipolar disorder diagnosis. Nevertheless, a minority of individuals
included in the analyses may not have been incident users of
lithium or valproate as they may have got these drugs before the
start of the observation period in 1995. We find it unlikely that
such inclusion of some prevalent users has biased our findings,
as there are no indications in the literature that the effect of
incident v. prevalent use of the drugs should differ systematically
between lithium and valproate.

Potential confounding effects are the major fundamental
problems in the interpretation of data from cohort studies. As
data were non-randomised, they reflect associations in clinical
practice in which doctors choose to prescribe valproate and
lithium based on a combination of their knowledge and clinical
experience with effects and side-effects of the drugs, their clinical
evaluation of the illness of the individual involved and the patient
preferences. Valproate was relatively more often prescribed for a
manic (18.9%) or a mixed (22.6%) index episode than for a
depressive episode (12.3%) or during remission (14.3%, Table
1). In this way, treatment practice in Denmark may reflect the
better evidence for valproate in the treatment of manic/mixed
episodes than for a depressive episode or as maintenance therapy.
Age, gender and number of prior psychiatric hospital admissions
were quite similar for participants prescribed valproate and those
prescribed lithium, but individuals who were prescribed valproate
more often had been previously treated with antidepressants,
antipsychotics and anticonvulsants (other than valproate) and
participants who were prescribed lithium were more often
prescribed concomitant medication with antidepressants and
anticonvulsants (other than valproate) but less often antipsychotics
(Tables 1 and 2 and Results section). We cannot exclude the
possibility that individuals who were prescribed valproate may
have been a harder-to-treat population, although we do not find
any clear differences between the valproate- and lithium-treated
populations. Further, we took account of the effect of such
differences, including differences in prior and concomitant
treatment, by adjusting all analyses for these variables. The
statistical models with hospital admissions as the outcome were
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adjusted dynamically for time-dependent concomitant use of
antipsychotics, antidepressants and anticonvulsants, so it not
likely that participants on lithium did better in relation to hospital
admissions because of adjunctive treatment. It should be
acknowledged, nevertheless, that an effect of residual or unknown
confounders cannot be neglected. All analyses in the study were
further adjusted for the effect of years since diagnosis – in this
way also taking account of any changes in the healthcare system
during the study period.

The register contains no data on the prescribed dose of the
drugs. Both valproate and lithium serum levels are routinely
monitored according to standardised clinical practice. Although
the relationship between response and lithium serum levels is
not entirely clear,35 it cannot be excluded that lithium serum levels
were monitored more frequently than valproate levels because of
the lack of evidence for a therapeutic range in bipolar disorder
for valproate.

We did not include analyses on individuals treated with
combined valproate and lithium as such analyses would be
confounded by indication, since people who receive combined
treatment most likely experience more severe disorders and thus
will have a poorer outcome due to the non-randomised nature
of our data.

Comparison with prior studies

Our findings are similar to the findings in the randomised open-
label BALANCE trial that found that lithium monotherapy
compared with valproate monotherapy resulted in decreased
intervention for an emergent mood episode, including change in
the drug treatment or admission to hospital (HR = 0.71, 95% CI
0.51–1.00).10 As in the present study, these effects were seen early
for switch to/add on and after 1 year for admission to hospital.
One of the strengths of the BALANCE study is that participants
were randomly allocated to treatment group irrespective of any
previous response to the study drugs. This is in contrast to the
enriched design used in most trials of long-term therapy in bipolar
disorder.36 This design helps to increase the generalisability of the
results as they apply to bipolar disorder irrespective of the index
episode prior to randomisation. In addition, the wide range of
individuals that were enrolled from various locations and clinical
situations further ensures that the findings are broadly applicable
to people with bipolar I disorder.10 On the other hand, a number
of individuals were not included in the randomised phase of the
study as 28% (129 out of 459) of participants withdrew from
the 4–8 weeks run-in phase with treatment with both lithium
and valproate; further, the study report presented no data on
non-participants not wanting to be enrolled in a randomised trial.
However, the similar findings in the BALANCE study and our
naturalistic study suggest that the results from the BALANCE
study can be generalised to all people with bipolar disorder in
psychiatric hospital settings as in-patients or out-patients.

Lithium has been associated with a decreased rate of suicide in
randomised studies37 and in observational studies (compared with
valproate38 or to anticonvulsants in general24,39), further
demonstrating the power of concordant results from randomised
and non-randomised data.

In addition, as a result of the large data-set we were able to
present findings according to different index mood episodes;
however, the number of some events limited the statistical power
of some secondary analyses. We found that when the index
episode was manic (or mixed), treatment with valproate was
associated with an increased rate of switch to/add on as well as
an increased rate of subsequent hospital admissions overall and
for depressive and manic/mixed relapses. These findings are in

accordance with results from an RCT on acute mania showing
decreased efficacy of valproate v. lithium in rates of response/
remission6 but in contrast to other studies showing similar efficacy
of the two drugs.3,5 No RCT has compared valproate and lithium
for treatment of bipolar depression but our results show that when
the index episode was depressive, treatment with valproate was
overall associated with increased rates of switch to/add on and
hospital admissions when compared with lithium, but the rates
of hospital admissions for subtypes of episodes did not differ.

Implications

In daily clinical practice, treatment with lithium is in general
superior to treatment with valproate and the advantage of lithium
is most apparent following treatment for a depressive episode. We
believe that these data provide important supplemental evidence
that adds to results from RCTs on valproate v. lithium. It is
remarkable that after so long lithium remains the most effective
treatment as monotherapy or in combination for the treatment
of bipolar disorder.
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