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Opinion statement

Population-based register studies have the advantage of large sample sizes and low
dropout rates during long-term follow-up. Recent findings from population-based register
studies on the efficacy of lithium have supplemented findings from randomized trials and
generalized these to all patients with bipolar disorder. Findings from population-based
register studies show that (1) half of patients with bipolar disorder continue to take
lithium for longer than 6 months, (2) early start of lithium maintenance treatment
following the first single manic episode improves the long-term outcome, (3) maintenance
treatment with lithium seems to be in general superior to treatment with valproate and
lamotrigine, (4) lithium may reduce the risk of suicide and dementia, and (5) lithium-
induced end-stage renal disease is rare with modern lithium treatment within recom-
mended serum levels. Based on the accumulated evidence, lithium should be used as first-
line maintenance treatment for bipolar disorder and with intensified group-based
psychoeducation following onset of first manic episode/bipolar disorder to improve
long-term adherence to lithium, especially among younger patients.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40501-015-0047-4&domain=pdf


Introduction

Why evidence from randomized controlled trials
(RCTs) in bipolar disorder should be combined with
evidence from observational effectiveness studies

Within psychiatry, as in the rest of medicine, RCT is the
gold standard for obtaining information on how treat-
ment affects health [1]. The validity of RCT results de-
pends on internal validity, i.e., the certainty that the study
findings are true for the study population and setting, as
well as on external validity, i.e., the generalizability of the
findings to other populations and settings [1]. Achieving
results from RCTs with high internal and external validity
is a major challenge within psychiatry due to the nature
of psychiatric illnesses. Specifically, conducting long-term
maintenance RCTs in bipolar disorder is extraordinary
challenging due to the unpredictable pattern and course
of illness with frequent changes in clinical states and
periods with remission and recovery compared to major
depressive disorders and schizophrenia, which tend to
remain stable overmonths or years [2]. In addition to the
complex and labile symptomatic presentations, a tenden-
cy for patients to deny illness and reject treatment and
diagnostic heterogeneity severely complicate the design
and conduct of experimental treatment trials in bipolar
disorder as emphasized by Baldessarini [2]. Further, the
interpretation and generalization of results from long-
term maintenance RCTs in bipolar disorder are severely
hampered by the highly selected populations included in
such trials [2]. Strict inclusion and exclusion criteria are
employed in RCTs to ensure that the randomised treat-
ment is the onlymajor difference between patient groups
in order to infer causality between intervention and out-
come measures [3]. In this way, the majority of real life
patients with bipolar disorder are excluded due to a
number of factors including (1) comorbidity with alco-
hol, cannabis or substance abuse, and panic or obsessive-
compulsive disorder; (2) severity of affective episodes
including psychotic features; (3) unstable course of ill-
ness and rapid cycling states; (4) high risk of suicide; and
(5) poor insight with denial or minimisation of illness
and poor cooperation with clinical interventions due to
impulsivity and impaired judgment [2, 3] as well as poor
adherence to medication during the run in phase of the
RCT. Among patients with major depressive disorder in
routine clinical practice between 14 [4, 5] and 34 % [6]
meet usual eligibility requirements for an antidepressant

efficacy trial. Similar data are not available in relation to
bipolar disorder but it is estimated that as few as one in
ten of patients with bipolar disorder presenting as poten-
tial research subjects will be recruited into a long-term
trial involving a placebo condition [2]. RCT designs with
an active comparator [7] are likely to include a slightly
higher, approaching 20 %, proportion bipolar of popu-
lation treated in routine clinical care [8].

At least six additional and important factors further
limit the generalizability of findings from maintenance
RCTs in bipolar disorder: (1) the duration of all current-
ly available RCTs is less than 2 years in contrast to the life
long course of bipolar disorder; (2) most RCTs are con-
ducted within tertiary university settings treating pa-
tients with the more complicated and/or treatment re-
sistant disorders; (3) maintenance RCTs in bipolar dis-
order, with very few exceptions such as the Balance trial
[9], employ enriched designs favoring the drug of inter-
est based on its prior effect or tolerability during an
affective episode [10]; (4) the vast majority of mainte-
nance RCTs are industry initiated resulting in few head
to head comparing RCTs [7]; (5) the effectiveness of any
medication estimated from highly controlled random-
ized data selectively submitted to regulatory agencies
[11] is often substantially less than its real-world effica-
cy; (6) finally, realistically, only a small number of large
scale RCTs will ever be conducted compared to the
number of important questions.

In conclusion, evidence fromRCTshas to be combined
with evidence from observational studies of patients with
bipolar disorder treated in real-world clinical practice, i.e.,
employing a naturalistic design. In a recent statement, the
US National Institute of Health committed itself to com-
parative effectiveness research and large scale observation-
al studies aiming to generate viable hypotheses, confirm
results of randomized trials in understudied patient sub-
sets, learn about rare events, and gain insight into process-
es of care delivery [12]. Unlike RCTs, observational effec-
tiveness studies are subject to selection and confounding
factors due to initial differences in the compared groups
while both types of studies share problems with attrition
and dropouts during follow-up [1]. However, observa-
tional effectiveness studies using population-based
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registers, particularly when using nationwide data, offer a
number of possibilities to investigate the generalizability
of findings from RCTs in other populations and settings.
The major advantage is that such population based regis-
ters are collecting patient data on an individual level as
part of daily clinical routine on all citizens in the country
as long as they donot emigrate out of the country resulting
in full attrition and very low dropout rates during follow-
up [13–16]. In this way, the best of such nation-wide
registers are fully inclusive and exclusive, i.e., they include
100 % of the population and no one else. Additionally,
population-based registers may offer longitudinal data
over many decades, which is highly difficult and costly
to achieve in other ways. Finally, such data are collected
independently of patients and researchers eliminating re-
call and observational bias.

The aim of the present review was to outline exam-
ples of how evidence from maintenance RCTs and

population-based registers can be combined to guide
clinicians in their treatment choices and procedures in
bipolar disorder. In addition, the paper presents exam-
ples of how an epidemiological analytical approach to
population-based registers can help to elucidate hypoth-
eses on the effect of drugs on long-term outcomes such
as suicide and dementia. The review focuses on lithium
maintenance long-term treatment in bipolar disorder.

Although lithium has been used as a mood stabiliz-
ing treatment of bipolar disorder for more than 60 years,
it has been a controversial drug since its introduction in
1949 [17–19]. The evidence from RCTs for a mood
stabilizing effect of lithium has increased further during
recent years [9, 10, 20]. Similarly, a number of
population-based register studies have contributed with
important new information including data on the ques-
tion of generalizability. The aim of the present review
was to summarize findings from population-based
register studies on the use of lithium in clinical practice.

Adherence to Lithium in Clinical Practice

Adherence to lithium has been investigated in a number of clinical samples
including up to 400 patients [21]mainly from specializedmood disorder clinics or
lithium clinics at academicmedical centers [21–26]. Therefore, it is likely that there
is a selection bias toward patients with the most severe illness. A 6-year
pharmacoepidemiological study in the metropolitan area of Portland, USA found
a substantially low rate of adherence to lithium among 1594 patients with a
median length of adherence of 72 days (95 % CI=66–80) [27]. As data were
obtained from a private prepaid health maintenance organization (HMO), it is
possible that these findings may not generalize to all socioeconomic groups [27].

In a Danish nation-wide population-based register study, we identified
more than 14,000 individuals who were prescribed lithium among the 5.3
million persons living in Denmark between 1995 and 2000; in this sample,
median time to discontinuation of lithium was 181.0 days (95 % CI=135.7–
181.0) [28]. The advantage of this study is that it minimized ascertainment or
help-seeking biases as it included all individuals within the country. Moreover,
the Danish population is ethnically and socially homogeneous. Psychiatric
treatment is available free of charge in Denmark, and lithium is cheap with
75 % of the cost being refunded from the state. In this way, it is likely that the
findings can be extrapolated to patients treated with lithium in general. No other
study on adherence to lithium has been published for an entire population in a
country. We further found that adherence to lithium was significantly poorer for
younger (18–39 years) and for older patients (≥60 years) compared to middle-
aged patients [28]. In fact, we subsequently confirmed in a RCT of early interven-
tion in bipolar disorder that adults younger than 25 years have a poorer prognosis
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and adherence to medication when treated in standard care [29]. Taken together,
these results highlight the need for increased focus on long-term adherence to
lithium with intensified psychological support especially among younger patients.
Interestingly, adherence to medication and prognosis can be improved among
younger adults with bipolar disorder. In the RCT mentioned above, young adults
randomised to treatment in a specialized outpatient mood disorder clinic com-
bining optimized pharmacological treatment and group psychoeducation had
substantially improved prognosis and adherence tomedication compared to those
randomised to standard care (67 % less risk of rehospitalisation during follow-up,
[29], see also [30]).

Response to Lithium in Clinical Practice

Not all patients experience a mood stabilizing effect from lithium. Some
patients develop side effects or have a poor therapeutic response
whereas others tolerate lithium well and experience excellent response
with a nearly complete prevention of episodes. Studies on response to
lithium and on predictors of response to lithium have been influenced
by a number of shortcomings [31]: (1) small sample sizes (from 7 to
360 patients [32]), (2) relatively short follow-up periods (i.e., less than
2 years with a few exceptions with up to 5 or 7 years and one study
covering a span of up to 20 years [31], (3) selection bias as most
samples of patients are recruited form tertiary university specialized
centers [31], and (4) high drop-out rates during follow-up.

We presented data on excellent response to lithium monotherapy
(i.e., “cure” from future affective episodes), from a population-based
and nation-wide register linkage study [33•]. Excellent lithium re-
sponders were defined as patients who following a 6-month stabiliza-
tion start-up period of lithium treatment, continued with lithium as
monotherapy without getting hospitalized. Among a total of 3327 pa-
tients with bipolar disorder included in the study, the prevalence of
patients with an excellent response to lithium was 6.4 % during a
median follow-up period of 6.6 years (quartiles; 4.0–9.3 years). This
prevalence is lower than the estimated 30 % response rate found in
many clinical samples [34], but few of the long-term studies have
reported the actual response rates among all patients initiated on lithi-
um (intension to treat analyses). One study that did so examined 402
patients who started lithium in a mood disorder clinic and were follow-
up for up to 5 years. The study reported a response rate of 19.4 %, i.e.,
19.4 % of the 402 patients had no affective episodes or were taking
other psychotropic drugs in addition to lithium [21]. Most likely, the
results from the Danish study are more representative of patients treated
with lithium in general. Thus, the study included all patients with a
diagnosis of bipolar disorder within psychiatric hospital health care
settings who initiated lithium treatment during a study period for up to
12 years for all outpatient settings, i.e., within psychiatric hospital
outpatients, community psychiatric centers, private specialist practice,
and general practice. It was concluded that the prevalence of excellent
response to lithium monotherapy is low during long-term treatment of
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more than 5 years. Further, we found that patients with excellent lithi-
um response were characterized by few prior psychiatric hospitalizations,
a manic index episode prior to lithium and reduced comorbidity in
accordance with other studies [34].

When should Maintenance Treatment with Lithium Start?

The nature of bipolar disorder seems to imply the presence of an active
process of neuroprogression that is considered to be at least partly
mediated by inflammation, oxidative stress, apoptosis, and changes in
neurogenesis [35]. A wealth of data suggests that lithium may facilitate
neural plasticity [36] suggesting advantages in early intervention with
the drug. However, it is unclear when to start prophylaxis with lithium.
Not all patients will suffer from an additional episode and the number
needed to treat (NNT) will by higher early in the course of illness as the
risk is lower [10]. Further, it is often claimed that the acceptance of
prophylactic lithium treatment may be low in the early stages [10].
Accordingly, in standard mental health care, adherence to lithium is
poorer for younger individuals [28, 29]. However, new randomised data
suggest that this low adherence may be turned around to a very high
adherence when younger patients aged 18–25 years with bipolar disor-
der are offered combined optimised pharmacological treatment and
group-based psychoeducation in a specialised mood disorder clinic fur-
ther improving the long-term outcome [29].

No RCT has investigated the effect of lithium intervention early
versus late in bipolar disorder. Recommendations of when preventive
treatment should be initiated differ substantially among guidelines
although most guidelines do not specify when long-term prophylactic
treatment should be initiated [10]. We recently conducted a
population-based register-based study to try to elucidate the issue
comparing response rates among patients with bipolar disorder
starting lithium early versus late [37••]. As in our prior study [33•],
lithium responders were defined as patients who following 6 months
stabilization start-up period of lithium treatment, continued lithium
as monotherapy without getting hospitalized. Early versus late inter-
vention was defined in two different ways: (1) start of lithium fol-
lowing first contact and (2) start of lithium following a diagnosis of a
single manic/mixed episode. The study included all patients with a
diagnosis of bipolar disorder in psychiatric hospital settings who were
prescribed lithium during a period from 1995 to 2012 in Denmark
(N=4714). Patients who started lithium early had significantly de-
creased rates of non-response to lithium compared to the rate for
patients starting lithium later (adjusted analyses—first versus later
contact, pG0.0001; HR=0.87, 95% CI=0.76–0.91; single manic/mixed
episode versus bipolar disorder pG0.0001; HR=0.75, 95% CI=0.67–
0.84). The findings seem to indicate that lithium may counteract
neuroprogression when started early compared to when lithium is
started at a later stage. We concluded that lithium initiation following
the first psychiatric contact or following diagnosis of a single manic/
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mixed episode is associated with increased probability of lithium
response. This finding clearly needs to be replicated in a future RCT or
in additional observational studies.

Lithium versus Valproate in Maintenance Treatment for Bipolar
Disorder

Valproate is often used as mood stabilizers in bipolar disorder. For example, in
the USA, valproate is the most usedmood stabilizer prescribed asmonotherapy
followed by lithium [38]. The evidence for the effectiveness of valproate re-
mains somewhat sparse. Two maintenance RCTs on valproate have been pub-
lished. In the only placebo-controlledmonotherapymaintenance study, neither
valproate nor lithium showed clear prophylactic effects compared to placebo
during 1-year follow-up [39]. In the 2-year long BALANCE study, lithium was
more effective than valproate [9] in a mixed population, some of whom were
also receiving other long-term medicines. We compared the effect of valproate
versus lithium for the treatment of bipolar disorder in clinical practice in a
population-based register study [40•]. The two outcomes considered were the
rates of switch to, or addition of, another psychotropic and psychiatric hospi-
talization. Hospitalization is an important hard outcome almost always indi-
cating significant treatment failure. When patients start with valproate or lith-
ium asmonotherapy, the addition of another drug indicates that the initial drug
was not sufficient to improve affective symptoms or maintain remission, or in
the case of switch, there was inadequate response or intolerable side effects. The
rate of switch/add on to the comparator drug (from lithium to valproate or the
reverse), antidepressants, antipsychotics, or other anticonvulsants, was in-
creased for valproate compared with lithium (HR=1.86 (95% CI=1.59–2.16)).
Similarly, the rate of psychiatric hospitalizations was increased for valproate
versus lithium (HR=1.33 (95% CI=1.18–1.48)) regardless of the type of epi-
sode leading to hospitalisation (depressive or manic/mixed). We minimized
the potential impact of prior treatment by selecting only patients receiving
lithium or valproate for the first time. We adjusted the analyses for a large
number of variables including gender; age group in 5-year intervals; years since
diagnosis; redemption of prescriptions of antidepressants, antipsychotics, or
anticonvulsants other than valproate prior to initiating treatment with lithium
or valproate; and previous number of psychiatric hospitalizations. We cannot
exclude potential confounders associated with treatment allocation to lithium
or valproate since this was not random. Nevertheless, we concluded that in
daily clinical practice, treatment with lithium seems to be in general superior to
treatment with valproate.

Lithium versus Lamotrigine in Maintenance Treatment
for Bipolar Disorder

Two 18-month maintenance RCTs comparing lamotrigine, lithium, and place-
bo have found an advantage for lamotrigine for the prevention of depressive
recurrence while lithium was superior in the prevention of manic recurrence
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[41, 42]. Both studies used partly enriched designs favoring lamotrigine as only
patients who tolerated lamotrigine during the open-label phase were random-
ized. A Danish study without any enrichment found no differences in mainte-
nance effectiveness between lamotrigine and lithium regardless of whether the
outcome episode was manic or depressive [43]. We used a similar design,
outcomemeasures, and statistical analyses as in the study comparing lithium to
valproate mentioned above [40•] in order to compare rates of switch to, or
addition of, another psychotropic, and rates of psychiatric hospitalization for
patients treated with lamotrigine or lithium in clinical practice [44•]. The
overall rate of switch to or add on of another psychotropic (the opposite drug of
interest (lithium or lamotrigine), antidepressants, antipsychotics, or other an-
ticonvulsants than lamotrigine) was increased for lamotrigine compared with
lithium (HR=2.60, 95 % CI=2.23–3.04) regardless of whether the index epi-
sode was depressive, manic, mixed, or remission. Additionally, the overall rate
of psychiatric hospitalization was increased for lamotrigine compared with
lithium (HR=1.45, 95 % CI=1.28–1.65).

Does Lithium Protect against Suicide?

In ameta-analysis of 48 RCTs including 6674 participants, lithiumwas found to
be more effective than placebo in reducing the number of suicides (odds ratio
0.13, 95 % confidence interval 0.03 to 0.66) and deaths from any cause (0.38,
0.15, to 0.95) [45].

However, such RCTs are not representative of patients with bipolar disorder
in general, as patients who are at high risk of suicide are not included in these
trials. Nevertheless, observational studies have confirmed that treatment with
lithium may be associated with reduced risk of suicide in bipolar disorder also
at a nationwide population-based level [46, 47]. Further, these studies found a
dose response association; patients who redeemed lithium prescriptions had
higher rates of suicide than persons who did not redeem lithium prescriptions.
Redeeming lithium prescriptions at least twice was associated with a 0.44 (95%
CI=0.28–0.70) reduced rate of suicide, compared to once only, and there was a
further decrease in the rate of suicide with increasing number of redeemed
lithium prescriptions [46]. Lithium may exert its antisuicidal effects in bipolar
disorder by reducing relapses. Additional mechanisms should also be consid-
ered as there is some evidence that lithium decreases aggression and possibly
impulsivity, which might be another mechanism mediating the antisuicidal
effect [45].

Is Bipolar Disorder Associated with Dementia?

Data suggest that patients with bipolar disorder have twofold increased risk of
developing dementia. Out of four prior studies [48–51], the three population-
based studies [49–51] found a positive association between bipolar disorder
and dementia and pooling all these data in a meta-analysis confirmed the
association [52••]. One study specifically found that the risk of developing
dementia increased with each new affective episode [53]. More recently, a fifth
population-based study further confirmed the association between bipolar
disorder and dementia even after adjustment for important covariates including
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cerebrovascular disease, diabetes mellitus, hypertension, head injury, chronic
pulmonary disease, alcohol-related disorder, substance-related disorder, and
number of inpatient and outpatient visits [54].

Does Lithium Protect against Dementia?

Data is emerging suggesting that lithiummay reduce the risk of dementia which
may be related to the proposed role of the drug in neuroprotection (see, e.g.,
[55]). Two Danish register-based population studies found that lithium may
ameliorate the risk of subsequent dementia and Alzheimer’s disease at the level
of the general population [56•, 57]. There is also a randomized trial suggesting
that lithium may prevent the development of Alzheimer’s disease in patients
with mild cognitive impairment (MCI) [58]. On the other hand, a 39-week
observational study [59] and a 10-week RCT [60] found no effect of lithium in
adults with mild to moderate Alzheimer’s disease. These findings indicate that
the neuroprotective effect of lithium may be either limited to the very early-
stage of Alzheimer’s disease or that it requires longer-term exposure. Supportive
of the latter hypothesis, a small RCT showed that lithium at extremely low doses
(300 μg once daily) for 15 months prevented cognitive decline in patients with
Alzheimer’s disease [61].

Lithium and Renal Failure

In the hitherto largest and only controlled study, 30 patients with end-stage
renal disease were identified among 3836 patients treated with lithium,
representing an eightfold increase in prevalence compared with the general
population [62]. Unfortunately, this result could have been confounded by
recall bias, as data on lithium was partly based on recall from patients, and by
the clinical practice of aiming for high serum lithium levels (between 0.8 and
1.2 mmol/l) as was recommended in the 1960s, 1970s, and 1980s as none of
the 30 patients with end-stage renal disease started lithium treatment later than
1980. The authors concluded that modern lithium treatment guidelines that
recommend much lower serum levels may have eliminated the risk of lithium-
induced end-stage renal disease and therefore advocated the continued use of
lithium as a safe drug for the long-term treatment of mood disorders [63]. This
conclusion is in accordance with the findings in a decision analysismodel based
on a systematic literature review investigating whether either lithium or an
anticonvulsant should be used for maintenance treatment for bipolar disorder
if the risks of suicide and relapse were traded off against the risk of end-stage
renal disease [64]. The study concluded that at the current state of knowledge,
lithium initiation and continuation even in the presence of long-term adverse
renal effects should be recommended in most cases [64].

Conclusion

Findings from population-based register studies show that (1) half of the
patients with bipolar disorder continue to take lithium for longer than half a
year, (2) starting lithium maintenance soon after the first single manic episode
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improves the long-term outcome, (3) in general, maintenance treatment with
lithium seems to be superior to treatment with valproate or lamotrigine, (4)
lithium may reduce the risk of suicide and dementia, and (5) lithium-induced
end-stage renal disease is rare with modern lithium treatment within recom-
mended serum levels.

In this way, findings from population-based register studies have substanti-
ated and supplemented findings from randomized trials and demonstrated
their relevance to patients with bipolar disorder in general. Based on the
accumulated evidence, following onset of first manic episode/bipolar disorder,
lithium should be used as first-line maintenance treatment for bipolar disorder
coupled with intensified group-based psychoeducation to improve long-term
adherence to lithium, especially among younger patients.
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