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Abstract
Purpose of Review Patients with bipolar disorder are frequently treated with polypharmacy. This article should provide clinicians
with an understanding of how polypharmacy can contribute to pharmacokinetic and pharmacodynamic drug-drug interactions
(DDIs).
Recent Findings The pharmacokinetics and pharmacodynamics of lithium and other mood stabilizers (valproate, lamotrigine,
carbamazepine, oxcarbazepine, and eslicarbazepine), antipsychotics, and selective serotonin reuptake inhibitors (SSRIs) were
reviewed and summarized in the first four tables describing their pharmacokinetic and pharmacodynamic mechanisms.
Summary Four tables summarized the DDIs which are likely to be clinically relevant in adults with bipolar disorder: two for
mania treatments (with and without carbamazepine), one for maintenance treatments, and one for depression treatments. The
purpose is to be practical, helping clinicians pay attention to and manage polypharmacy, avoiding adverse drug reactions (ADRs)
in patients with bipolar disorder, including both the frequent ADRs and those rare but potentially lethal ADRs. Future articles
should improve these tables.
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Introduction

Polypharmacy (or polytherapy) appears to be the norm
around the world in patients with bipolar disorder [1••].
In a large pragmatic US multicenter randomized clinical
trial (RCT), complex polypharmacy involving at least
four medications was utilized in one in five individuals
with bipolar disorder [2]. During the 2010s, the phar-
macological guidelines for bipolar disorder provided dif-
ferent pharmacological recommendations for manic, de-
pressive, and maintenance phases [3–10]. They usually
recommended monotherapy as a first step but then
moved to combinations of drugs in subsequent steps.

As psychiatric textbooks do not usually pay atten-
tion to drug-drug interactions (DDIs) [11], bipolar dis-
order guidelines also pay little attention to them. A
search for the term “drug interaction” provided no re-
sults for four guidelines [4–6, 10]. The Florida guide-
line used the term once as a footnote for a table [9].
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Two results [7] were found in one guideline, and three
in another [8], but no examples were included. The
British guideline for pharmacologists used the term
several times with some specific examples in their ap-
pendix [3].

Literature Search for DDIs in Order to Provide
Recommendations for Clinicians

Since 2006, the two authors have collaborated in searching the
literature, looking for DDIs of psychiatric drugs so seven DDI
review articles [12–14, 15•, 16, 17•, 18••] could be written. An
October 2017 PubMed search (with no time limit, focused on
adults and including animal studies) provided new articles
beyond those hundreds of articles previously reviewed. The
reference list of any new article was reviewed for any previ-
ously unidentified article.

Clinical Classification of DDIs

As in prior articles [15•, 16, 17•], we used a clinical
classification of DDIs based on changes in safety, which
pharmacologists call adverse drug reactions (ADRs), or
in efficacy. This classification categorizes DDIs as hav-
ing (1) beneficial (positive) effects (increased efficacy
and/or safety) or (2) harmful (negative) effects (de-
creased efficacy and/or safety).

Pharmacological Classification of DDIs

Pharmacological mechanisms divide DDIs into phar-
macokinetic and pharmacodynamic DDIs. A pharma-
cokinetic DDI is associated with a modification in
the serum concentration of either the drug or its me-
tabolite(s) and can be studied in vivo by therapeutic
drug monitoring (TDM) [19]. Although psychiatric
textbooks tend to ignore pharmacokinetic DDIs [11],
they are extensively addressed by pharmacological
journals. Pharmacodynamic DDIs are not easy to study
since they do not cause TDM changes and for in vivo
study, future advances in brain imaging will be re-
quired. In our experience, clinically relevant pharma-
codynamic DDIs are frequent in the clinical environ-
ment, although very few articles describing them are
published [11].

Pharmacokinetic DDIs They reflect changes in absorp-
tion, distribution, metabolism, or excretion of a drug
and/or its metabolite(s). Although on rare occasions
protein binding can be associated with clinically rele-
vant DDIs for valproate [20], most of the pharmaco-
kinetic DDIs with potential for clinical relevancy in
bipolar disorder occur during drug metabolism with
inducers or inhibitors. Inducers are drugs that, acting
at the nuclear receptors, increase the synthesis of the
metabolic enzyme [21, 22]. They usually require sev-
eral weeks to produce maximum effects and disappear
after withdrawal [21]. Adding an inducer is associated
with a decrease in the serum concentration of the
induced drug, while discontinuation is associated with
increases. Inhibitors bind to the metabolic enzyme and
make it inactive. Adding an inhibitor is associated
with an increase in the serum concentration of the
inhibited drug, while discontinuation is associated
with decreases. The half-life of the inhibitor is what
determines the amount of time needed for maximum
inhibition. Some of the selective serotonin reuptake
inhibitors (SSRIs), such as paroxetine or fluoxetine,
are called non-competitive inhibitors by pharmacolo-
gists since they bind irreversibly to the enzyme and
cannot be displaced by the inhibited drug. Besides the
typical inhibitors, any drug in a situation of compro-
mise, frequently when multiple drugs saturate a met-
abolic pathway, can behave as an inhibitor and inhibit
its own metabolism; this is called competitive inhibi-
tion and is easily reversible by decreasing the sub-
strate dosage.

Pharmacodynamic DDIs They take place directly at the
site of action of a drug or indirectly by interfering with
another physiological mechanism. Pharmacologists
classify them as (1) additive (i.e., equal to the sum of
the effects of the individual drugs), (2) synergistic (i.e.,
the combined effects are greater than expected from the
sum of individual effects), or (3) antagonistic (i.e., the
combined effects are less than additive). There is no
data for determining whether the pharmacodynamic
DDIs seen in b ipo la r pa t i en t s a re add i t i ve o r
synergistic.

Problems with this Pharmacological Classification This phar-
macological classification has two simplifications [18••]:
(1) inducers can induce endogenous compounds and
these can lead to DDIs that are probably better classi-
fied as pharmacodynamic and (2) DDIs can be used by
clinicians to counteract ADRs.
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In the pharmacological sense, the induction of en-
dogenous compounds is a pharmacokinetic effect [21],
but to a clinician, these DDIs may resemble other
physiological actions of AEDs. An increased risk of
osteoporosis in bipolar patients may be an example of
this type of unusual DDI. The literature supports the
possibility that long-term use of those antipsychotics
with high potential for causing hyperprolactinemia
may increase the risk of osteoporosis. This is a phar-
macodynamic effect, and another pharmacodynamic ef-
fect, probably at the bone serotonergic mechanism, ex-
plains why SSRIs may also increase the risk of osteo-
porosis. Although no study has explored the long-term
risk of combining hyperprolactinemia-inducing antipsy-
chotics and SSRIs, it is reasonable to expect pharma-
codynamic, additive, or synergistic effects contributing
to the risk of osteoporosis. Carbamazepine is a potent
inducer and, as with other inducers, has been firmly
associated with osteoporosis which is explained by a
potent induction of vitamin D metabolism [21]. Thus,
when long-term carbamazepine treatment is associated
with long-term SSRI use, pharmacological mechanisms
suggest that a DDI is possible; this is a combination of
the pharmacokinetic effect of carbamazepine on the
endogenous metabolism of vitamin D and a pharmaco-
dynamic effect of the SSRI. To simplify, we tend to
call this a pharmacodynamic DDI [15•]. Simplification
is important when talking about osteoporosis risk in
bipolar patients, since some clinical studies [23] and
some animal studies [24] indicate that lithium may
protect from osteoporosis; thus, combining lithium with
SSRIs has the potential of causing an antagonistic DDI
and may reduce the risk of osteoporosis from SSRIs.

Using an ADR to counteract the ADR of another
drug may be better described as a management strategy
or clinical strategy for reducing ADRs rather than a
pharmacodynamic DDI per se, but it is simpler to clas-
sify it as a beneficial pharmacodynamic DDI [18••]. An
example of such a clinical strategy is to use topiramate
for decreasing weight gain secondary to other drugs,
including antipsychotics.

Summary of the Pharmacokinetics
and Pharmacodynamics of the Main Drugs
Used in Bipolar Disorder

Table 1 provides a brief summary of the pharmacokinet-
ics and pharmacodynamics of lithium, the mood stabi-
lizer par excellence. Lithium is not metabolized but

renally excreted [25] and has complex pharmacodynam-
ic actions [26•]. Table 2 focuses on antiepileptic drugs
(AEDs) with mood stabilizer properties. Valproate is a
drug with complex metabolism that appears to vary with
the dose [27]. Traditionally, it has been considered an
inhibitor, but it may also be a mild inducer [21]. It is
probably both a mild inducer and a competitive inhibi-
tor for olanzapine and clozapine [21]. Valproate is

Table 1 Pharmacokinetics and pharmacodynamics of lithium for adult
patients with bipolar disorder

LITHIUM

PHARMACODYNAMICS
Efficacy
Mania: unclear (one theory: ↓ protein kinase C activity)
Mood stabilizer: unclear (one theory: by suppressing inositol signaling)
Antidepressant augmentation: unknown
Antisuicidal effects: unknown
Possible neuroprotective effects: unknown
Leukocytosis: complex

Safety
Tremor: (dose-related) unknown
Cognitive impairment: (possibly dose-related) unknown
Extrapyramidal symptoms by itself or ↑ AP-induced: ↓ dopaminergic

activity in basal ganglia
Rare but concerning neurological ADRs: pseudotumor cerebri,

residual after intoxication, confusional states
Weight gain: (possibly dose-related) unknown
Hyperlipidemia according to case reports: unknown
Serotonin syndrome during polypharmacy: ↑ serotonin activity at brain

and periphery
Nausea, vomiting or diarrhea: unknown (can happen at onset but later on

are dose-related)
Polyuria: blocking ADH at kidney
Kidney damage: unclear (one theory: by antiapoptotic effect)
Rare but concerning renal ADRs: acute nephrotic syndrome and

possible ↑ renal cancer
Edema: unknown
Hypothyroidism: interferes with release and synthesis of thyroid

hormones
↑ Serum calcium levels: interfere with parathyroid hormone mechanisms
Possible ↑ osteogenesis: not well understood
Cardiac arrhythmias (sinus node dysfunction/atrioventricular blockade):

antagonism of sodium channels
Potential to exacerbate acne: not well understood
Potential to exacerbate psoriasis: not well understood (one theory: by

suppressing inositol signaling)
Alopecia: not well understood

PHARMACOKINETICS
Renal elimination (depends on glomerular filtration rate, sodium

retaining and eliminating mechanisms)

Pharmacokinetic and pharmacodynamic mechanisms are described with
italic letters in the table

ADR adverse drug reaction, AP antipsychotic, C concentration
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susceptible to clinically relevant DDIs at the protein-
binding level [20].

Lamotrigine is a mild inducer. Carbamazepine is a
potent inducer [21] and induces the metabolism of
most of the psychiatric drugs. Table 2 includes at
t h e b o t t om t w o c a r b am a z e p i n e a n a l o g s ,
oxcarbazepine, and the acetate of eslicarbazepine.
They are not approved for bipolar disorder but are
used by clinicians due to their similarity to carba-
mazepine, although with less potential for ADRs;
they are mild inducers [21].

Table 3 provides a brief summary of the pharma-
cokinetics and pharmacodynamics of antipsychotics,
including the second-generation antipsychotics, for
any approved indication in bipolar disorder, along
with haloperidol, which is frequently mentioned by
bipolar disorder guidelines. The table focuses on
oral compounds, but DDIs of long-acting com-
pounds are similar. A recent review compares the
pharmacokinetics of oral and long-acting risperidone
formulations [28]. Antipsychotics are not inducers. Some
compounds can be mild to moderate CYP2D6 inhibitors:
asenapine (from the second-generation compounds) and
haloperidol (first generation).

Table 4 provides a brief summary of the pharmaco-
kinetics and pharmacodynamics of the SSRIs.
According to the guidelines, SSRIs are usually con-
sidered to be the antidepressants with less potential
for causing switches to manic phases and the most
recommended. Prior review articles described the
pharmacokinetic and pharmacodynamic DDIs of oth-
er antidepressants with antipsychotics [14•] or AEDs
[15•]. Some of the SSRIs are clinically relevant in-
hibitors of the metabolism of antipsychotics and
some mood stabilizers.

Published Systematic Reviews of Combined
Treatment in Bipolar Patients

Few systematic reviews focus on combined treat-
ments during the manic, maintenance, or depressive
phases.

Mania Three systematic reviews explore differences
between monotherapy and combination therapy in
mania in bipolar disorder [29•, 30•] or mania and
bipolar depression [31•]. Ogawa et al. [29•] described
mood stabilizers plus antipsychotic combination/
augmentation therapy as (1) more effective than
mood stabilizer monotherapy in terms of change in
scores on mania rating scales at 3 weeks and at
1 week; (2) more effective than antipsychoticT
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monotherapy at 3 weeks, but not at 1 week; (3) no
different from either monotherapy group in study with-
drawal for any reason or due to ADRs; and (4) associ-
ated with more ADRs, especially with somnolence,
while it did not increase treatment-emergent depression.
Glue and Herb i son [30 • ] desc r ibed combined
antipsychotic/mood stabilizer therapy as (1) significant-
ly more effective than mood stabilizers or antipsychotic
monotherapy for responder rate and (2) having the
highest probability of being the best treatment based
on change in mania rating scales and for response.
Galling et al. [31•] described combined antipsychotic/
mood stabilizers as associated with (1) significantly
higher ADR burden when compared with mood stabiliz-
er monotherapy, particularly weight-gain-related, extra-
pyramidal and metabolic ADRs and (2) significantly
higher ADRs when compared with antipsychotic mono-
therapy with more risk for tremor, sedation, or vomiting.

As there are almost no RCTs [32, 33], carbamaze-
pine has not been approved by the FDA for adjunctive
treatment of mania. In 2003, the first RCT in which
an antipsychotic, risperidone, was tested as an adjunc-
t ive t rea tment for mania was publ i shed [34] .
Risperidone demonstrated adjunctive properties in the
valproate and lithium arms but failed in the carbamaz-
epine arm due to the induction of risperidone metab-
olism. It was unfortunate that the inductive properties
of carbamazepine were not considered by the marketer
and the risperidone dose was not doubled in the car-
bamazepine arm, which would probably make risperi-
done effective [35]. In a context of denial in the lit-
erature concerning the effects of inducers [35, 36], the
pharmaceutical companies planning to market other
antipsychotics for mania appeared to decide to exclude
patients taking carbamazepine from RCTs and restrict
them to patients on valproate or lithium. Only three
other published RCTs included patients with combina-
tions of carbamazepine and antipsychotics: (1) an in-
ternational olanzapine RCT studying 60 patients
allowed a high dose of olanzapine, up to 30 mg/day,
to compensate for carbamazepine inductive effects
[37], (2) a Japanese olanzapine RCT which recruited
on ly one pa t i en t on ca rbamazep ine and was
discontinued [38], and (3) a carbamazepine RCT with
53 patients taking antipsychotics [39]. Thus, it is not
surprising that two reviews of combined treatment in
mania focused on combinations of antipsychotics with
valproate or lithium but had to ignore those with car-
bamazepine [32, 33].

Maintenance In a 2011 meta-analysis, Vieta et al. indi-
cated the data on combination therapies for the main-
tenance phase was very limited [40]. The complexityT
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of analyzing combined treatments can be understood if
one realizes that some drugs appear to prevent mania
(lithium and several antipsychotics) while others (lithi-
um, lamotrigine, and quetiapine) may prevent depres-
sion [41]. In a 2014 review of RCTs and other studies,
Bouli et al. proposed that combined treatments are as-
sociated with better efficacy but worse safety [42].
More recently, in 2016, Yathan et al. completed an
RCT on the maintenance phase focused on adjunctive
treatment with olanzapine or risperidone in patients
taking lithium or valproate [43]. They found that ris-
peridone or olanzapine adjunctive therapy for 24 weeks
is beneficial, but continuation beyond this period may
not be helpful since (1) risperidone does not reduce the
risk of relapse, while (2) olanzapine’s potential benefit
needs to be weighed against an increased risk of
weight gain.

Depression In 2013, Zhang et al. [44] completed a
meta-analysis on the effects of antidepressants on re-
sponse and switching to mania. Antidepressants were
not associated with higher response or remission rates.
In 2016, McGir et al. [45•], in their meta-analysis fo-
cused on bipolar depression, included six RCT trials
adding second-generation antidepressants to mood sta-
bilizers or antipsychotics. The combined treatment was
associated with a small but significant improvement in
clinician-rated depressive symptom score but no chang-
es in remission rates versus placebo. There was no
increased short-term risk of treatment-emergent mania
or hypomania, but there was in the long-term at
52 weeks. McGir et al. [45•] proposed that antidepres-
sants should be used only in the short term in bipolar
patients. In conclusion, the treatment of bipolar depres-
sion is rather controversial [46] but, as efficacy of the
various treatments is low, it clearly seems important to
focus on avoiding ADRs [47].

Practical Guidelines for Clinicians
Regarding DDIs in Adults with Bipolar
Disorder

As combined therapy appears to be almost the norm
for bipolar patients during the main three phases, ma-
nia, maintenance, and depression, one would think that
the literature would provide easy sources for clinicians
to find descriptions of the pharmacodynamic and phar-
macokinetic DDIs in bipolar patients. Unfortunately,
this is not the case. We are only aware of three prior
articles aimed at summarizing pharmacokinetic and
pharmacodynamic DDIs of pairs of drugs [13, 14•,
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pharmacodynamics of combinations of AEDs with an-
tipsychotics, antidepressants and lithium [18••]. We
have summarized for clinicians the limited published
data, our research and clinical experience, and phar-
macological knowledge of pharmacokinetic and phar-
macodynamic mechanisms on DDIs in Tables 5, 6, 7,
and 8. No attempt was made to grade the evidence
since, unfortunately, the RCTs ignore the personalized
approach required to study unusual subjects [48];
those patients having DDIs due to polypharmacy with
three to four drugs are never going to be studied in
RCTs. Tables 5 and 6 provide a summary of the po-
tential for DDIs in the manic phase, without and with
carbamazepine. Table 7 provides a summary of the
potential for DDIs during the maintenance phase.
Carbamazepine is not a first-line treatment according
to the pharmacological guidelines and is excluded
from Table 7 due to the high potential for the phar-
macokinetic DDIs that are emphasized in Table 2.
Table 8 provides a summary of the potential for
DDIs during the depressive phase by adding the
SSRIs.

Conclusions

These DDI tables (Tables 5, 6, 7, and 8) are attempts to
be mainly practical and help clinicians remember and
pay attention to frequent ADRs which should be expect-
ed in combined treatments of patients with bipolar dis-
order. They also include the most severe and potentially
lethal ADRs that are so rare they will not be encoun-
tered in relatively small, short-term RCTs. As no article
that we know has tried to develop such DDI tables in
the context of polypharmacy, they are a first “baby
step.” These DDI tables will have to be improved in
future articles, as more data can help us expand our
personal insights and observations. Due to the extremely
high frequency of polypharmacy, there is great need for
studies of DDIs in bipolar disorder, but the lack of
funding for clinical research is a major limitation. For
increasing knowledge of DDIs, a collaborative effort is
needed from all interested parties including (i) drug
agencies and pharmaceutical companies, (ii) grant agen-
cies, and (iii) researchers with expertise in (a) meta-
analyses, (b) pharmacovigilance programs to detect
DDIs, (c) DDI pharmacology, and (iv) clinicians treating
patients with bipolar disorder.
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