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in major databases before January 31, 2021 (PROSPERO: CRD42021235812). We

used random-effects modeling to estimate the dose-response relationships between

lithium serum levels and recurrence of mood episodes, which were depicted as odds
ratios (ORs) with 95% CIs.

Results: A total of 1406 participants (cohort: 466; meta-analysis: 940) were included.
In the cohort study, the 0.4—-0.8 mmol/L group was associated with a significantly
lower risk of recurrences (aHR: 0.75), while the 0.8—1.2 mmol/L group had a lower
risk without statistical significance (aHR: 0.77). The dose-response meta-analysis
showed that with the increase in lithium serum levels, the risk decreased (linear model
OR: 0.85, for every 0.1 mmol/L increase; non-linear model OR: 1.00 at 0.0 mmol/L,
0.42 at 0.4 mmol/L, and 0.27 at 0.8 mmol/L).

Conclusion: Although confounding by indication cannot be excluded, the combined
results suggest a significant preventative effect on the recurrence of major affective

episodes among those with serum levels of 0.4—0.8 mmol/L.

KEYWORDS

1 | INTRODUCTION

Lithium is well recognized as the first-line maintenance
treatment for bipolar disorder (BD) in most treatment
guidelines.'™ Lithium can effectively reduce the risk of re-
currence of mood episodes,4 prevent suicide,” and mi ght have
a protective effect on certain types of cancers.’ Although
lithium has been proven to have a meaningful beneficial
therapeutic effect, its narrow therapeutic index may limit its
prescription despite being an archetypal mood stabilizer.”
However, there is uncertainty in the literature regarding
which lithium serum levels would be more effective for the
prevention of major mood episodes during the maintenance
treatment of BD. Accordingly, some reviews suggest that dif-
ferent ranges of lithium serum levels would be efficacious
for the maintenance treatment of BD, the lowest level being
from 0.4 mmol/l to 0.8 mmol/L,8‘9 and the highest level from
0.8 mmol/L to 1.2 mmol/L."'* A putative reason for those
distinct recommendations could be that relatively few studies
have been conducted to compare the effectiveness of differ-
ent lithium serum levels for the prevention of recurring mood
episodes. "n keeping with this view, real-world studies may
provide useful insights in this regard and may add evidence
to existing randomized controlled trials (RCTs) by provid-
ing results relevant to clinical practice by the enrollment of a
broader spectrum of patient populations.12 Hence, real-world
studies are essential to support clinical decision-making, par-
ticularly in a scenario where relatively few RCTs have inves-
tigated which serum levels of lithium would provide optimal
efficacy for the prevention of recurring mood episodes dur-
ing the long-term treatment of BD.

bipolar disorder, dose-response meta-analysis, lithium, maintenance treatment, serum level

Summations

e A multicenter retrospective cohort with a dose-
response meta-analysis investigated the associa-
tion between lithium serum levels and treatment
response in bipolar disorder during maintenance
treatment.

e Patients with lithium serum levels of 0.4—
0.8 mmol/L had a significantly lower risk of re-
currence of mood episodes.

e For patients with lithium serum levels of 0.4—
0.8 mmol/L, the older the age, the lower the risk.

Limitations

e The study lacks information on the relationship
between lithium serum levels and the risk of re-
currence of mood episodes of different polarities.

Moreover, the course of BD is clinically characterized by
chronic and recurring mood episodes of different polarities
([hypo] manic, depressive, and mixed episodes), and mani-
fests throughout the lifespan,'® with the peak age of onset of
BD appearing to be around mid-adolescence, notwithstand-
ing that even elderly patients may present with BD.'*!° The
aforementioned recommendations regarding serum levels
of lithium are based on evidence predominantly derived
from adults with BD. People of different ages may have
various co-occurring physical conditions,'®'® which may
affect the safety of lithium at higher serum levels in some
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circumstances. For example, the common use of diuretics,
anti-inflammatory drugs, and concurrent psychotropic drugs
in the elderly may interact with lithium (increase its serum
levels), thereby increasing the risk of toxicity.'*?’ To the best
of our knowledge, there is still a lack of evidence on which
serum levels of lithium would be more efficacious for the
prophylaxis of major affective episodes in younger versus
older patients with BD during maintenance treatment.'!

1.1 | Aims of the study

First, we used data from a multicenter retrospective cohort
study to investigate the associations between specific serum
levels of lithium and treatment response during maintenance
therapy. These associations were also explored across differ-
ent age groups. Second, we summarized the current findings
and results of previous studies by conducting a systematic
review and dose-response meta-analysis.

2 | MATERIAL AND METHODS

2.1 | Data source

The study protocol was approved by the institutional review
board of Chang Gung Memorial Hospital (No: 202100131B0).
This cohort study followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guide-
lines (Appendix 1).2! We extracted data from the medical
claims of the Chang Gung Research Database (CGRD) from
January 1, 2001, to December 31, 2019. The CGRD is a mul-
ticenter electronic medical record (EMR), which includes
de-identified personal data on demographics (gender, age);
disease diagnoses; medical visits (outpatient, emergency
room, and inpatient); pharmacy records (medication type,
dosage, and duration of supply); laboratory data (lithium
serum levels); and examination reports from seven medi-
cal institutes throughout Taiwan.”* From 1997 to 2010, the
CGRD covered 21.2% of outpatients in Taiwan's total medi-
cal population.23

2.2 | Participants

Figure S1 (Appendix 2) depicts the flowchart of the selection
process for this retrospective cohort study and outlines its
analytic procedures. We enrolled participants diagnosed with
BD (disease code of International Classification of Disease,
Ninth Revision [ICD-9]: 296.0-296.8, except 296.2, 296.3,
or ICD-10: F30 and F31) and treated with lithium. They also
had laboratory records of lithium serum levels. The first date
when patients’ lithium serum levels were available comprised

the index date of this cohort, and those participants were fol-
lowed up for 2 years from the index date. Moreover, we a
priori established the following exclusion criteria to define
(by proxy) patients with euthymic BD who initiated lithium
maintenance treatment and also had their lithium serum lev-
els within a specific range: (1) Patients who had either in-
patient or emergency department treatment within 180 days
before the index date; (2) Patients who had not taken the
same lithium dosage within 180 days before the index date;
(3) Compared to the lithium dose at the index date, the pa-
tients’ lithium dose was reduced during the follow-up period;
(4) Whenever patients had their serum lithium levels as-
sessed during the follow-up, the difference in the serum level
between the index date and any follow-up was >0.1 mmol/L;
and (5) Patients’ data of lithium serum levels was not a trough
level (if lithium is taken in divided doses, the trough level is
measured at least 12 h after the last dose).24’25 A total of 466
participants participated in this cohort.

2.3 | Participant characteristics and
outcome measures

Participants were divided into three groups according to
lithium serum levels (<0.4 mmol/L, 0.4-0.8 mmol/L, and
0.8-1.2 mmol/L). Those groups were chosen a priori based
on previous treatment guidelines.z’3 26 Characteristics of par-
ticipants with BD were assessed and included age; gender;
medical comorbidities (heart diseases, cerebral vascular dis-
eases, peripheral vascular diseases, any bleeding, pulmonary
diseases, peptic ulcer diseases, liver diseases, renal diseases,
diabetes mellitus, hypertension, hyperlipidemia, rheumatic
diseases, and any cancer); and concomitant medications
(mood stabilizers, antidepressants, antipsychotics, and ben-
zodiazepines). Detailed information on medical comorbidi-
ties and concomitant medications is provided in Table S2
(Appendix 3). The outcome measure of treatment efficacy
was the recurrence of any major mood episode, which was
defined as the occurrence of psychiatric hospitalization or
any changes (increase the dosage of the original drugs or add
other new drugs) in psychotropic medications (mood stabiliz-
ers [lithium, carbamazepine, lamotrigine, and valproic acid],
antidepressants, and antipsychotics). These indicators were
documented elsewhere in previous similar studies.>*?7~%*
All included participants were observed from the index date
(lithium serum level test date) to the date of outcome occur-
rence over a 2-year follow-up period.

2.4 | Statistical analysis

The analysis was based on an intention-to-treat (ITT) sce-
nario, where participants who were lost during the 2-year
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follow-up period in the CGRD were also censored. We used
Cox regression models to analyze the time to recurrence of
any mood episode. Analyses were adjusted for age, gender,
all medical comorbidities, and all concomitant medications.
Table 1 shows the detailed variables. Adjusted hazard ratios
(aHRs) with 95% confidence intervals (CIs) for time to the
event were determined having the <0.4 mmol/L group as
the reference group. We also adopted Kaplan-Meier curves
for survival analysis. Moreover, we conducted two sensitiv-
ity analyses to assess the robustness of our findings. First,
some previous studies defined the index date for maintenance
treatment of BD as the one in which participants achieved
stabilization for at least 20 weeks or 6 months.”*?’ Thus, we
expanded the inclusion criteria to enroll participants with-
out a history of hospitalization or emergency department
treatment within 150 days before the index date in model 1.
Second, the outcome of the participants treated using lithium
monotherapy was assessed in model 2.
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Furthermore, we conducted subgroup analysis stratified
by age to investigate the association between lithium serum
levels and prevention of mood episodes.” Participants were
divided into four age subgroups (<20, 20-40, 40-60, and
>60 years). All analyses were performed using SAS Software
version 9.4 (SAS Institute Inc., Cary, NC, USA). Statistical
significance was defined as a two-tailed p-value < 0.05.
MedCalc® Statistical Software version 19.8 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2021) was used to draw Kaplan-Meier curves.

2.5 | Systematic review and a dose-response
meta-analysis

We further performed a systematic review and dose-response
meta-analysis on the treatment efficacy of different lithium
serum levels by summarizing the results of our research and

TABLE 1 Characteristics of all included participants and their lithium groups from 2001 to 2019

All participants
Characteristics (N = 466)
Age, year 42.25 + 14.90
Gender
Female 245 (52.6)
Male 221 (47.4)
Comorbidities
Heart diseases 1(0.2)
Cerebral vascular diseases 9(1.9)
Peripheral vascular diseases 2(0.4)
Any bleeding 32 (6.9)
Pulmonary diseases 17 (3.7)
Peptic ulcer diseases 22 (4.7)
Liver diseases 28 (6.0)
Renal diseases 5(1.1)
Diabetes mellitus 35(7.5)
Hypertension 45 (9.7)
Hyperlipidemia 31(6.7)
Rheumatic diseases 3(0.6)
Any cancer 6(1.3)
Medications
Mood stabilizers
Carbamazepine 27 (5.8)
Lamotrigine 38 (8.2)
Valproic acid 144 (30.9)
Antidepressants 164 (35.2)
Antipsychotics 340 (73.0)
Benzodiazepines 350 (75.1)

Note: Data was expressed as N (percentage) or mean + standard deviation.

<0.4 mmol/L 0.4-0.8 mmol/L 0.8-1.2 mmol/L
(n = 153) (n = 287) (n = 26)
40.52 + 14.70 43.21 + 14.88 41.86 + 15.98
87 (56.9) 145 (50.5) 13 (50.0)
66 (43.1) 142 (49.5) 13 (50.0)
0(0.0) 1(0.4) 0(0.0)
1(0.7) 8(2.8) 0(0.0)
0(0.0) 2(0.7) 0(0.0)

7 (4.6) 25 (8.7) 0(0.0)
4(2.6) 13 (4.5) 0(0.0)
5@3.3) 17 (5.9) 0(0.0)
6(3.9) 21(7.3) 1(3.9)
0(0.0) 5(L.7) 0(0.0)
9(5.9) 23 (8.0) 3(11.5)
9(5.9) 33 (11.5) 3(11.5)
9(5.9) 21(7.3) 13.9)

0 (0.0 3(1.1) 0(0.0)
1(0.7) 4(1.4) 13.9)
13 (8.5) 12 (4.2) 2(7.7)
9(5.9) 26 (9.1) 3(11.5)
43 (28.1) 93 (32.4) 8 (30.8)
51(33.3) 103 (35.9) 10 (38.5)
114 (74.5) 206 (71.8) 20 (76.9)
113 (73.9) 218 (76.0) 19 (73.1)
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previous studies. We used data from an a priori registered
protocol (PROSPERO: CRD42021235812), which followed
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Appendix 4).30 Two in-
vestigators (CW Hsu and PT Tseng) independently searched
the PubMed/MEDLINE, Embase, and Cochrane CENTRAL
electronic databases from their inception until January 31,
2021, for studies that compared treatment outcomes in par-
ticipants with BD and included a minimum of three groups
according to lithium serum levels. Detailed search strings are
provided in the Supplement (Appendix 5). We included both
cohort studies (retrospective or prospective) and clinical trials
without language restrictions, including participants with BD
receiving maintenance therapy with lithium. Publications ini-
tially removed by title/abstract screening were letters, com-
ments, case series or reports, conference papers, protocols,
and non-peer-reviewed articles. Two investigators (CW Hsu
and PT Tseng) independently appraised the methodological
quality/risk of bias of the included studies and extracted data.
The methodological quality of cohort studies was assessed
using the Newcastle-Ottawa Scale, and the Cochrane risk-
of-bias tool was used for randomized trials.*'** The primary
outcome was the efficacy of different lithium serum levels
to prevent the recurrence of mood episodes of any polarity
during maintenance treatment of participants with BD. We
primarily used data from ITT participants; if this was una-
vailable, data from per-protocol participants were used.

Odds ratios (ORs) and 95% CIs were used to measure the
association between different lithium serum levels and the
risk of recurrence of any mood episode. Due to the different
ranges of lithium serum levels in the included studies, we
used the following criteria to define the value of serum levels
in the comparison group: (1) the mean or median of each
serum level category; (2) when the ranges of each serum level
category were reported, the average value of the lower and
upper bounds of each category was used; (3) when the low-
est category was open-ended, the average value of its upper
bound and 0 was used; and (4) when the highest category was
open-ended, the average value was assumed to be 1.2 times
its lower boundary.33

Linear trends were estimated using random-effects mod-
eling by pooling study-specific linear slopes. A two-stage,
random-effects multivariate meta-analysis described by
Greenland®* and Orsini®’
non-linear trends in the association between exposure and
outcomes. First, we used restricted cubic splines with three
knots at fixed percentiles of 10%, 50%, and 90% of the dis-
tribution of lithium serum levels to model the non-linear
dose-response relationship within each study.35’36 The mod-
els were then estimated using the generalized least squares
method, which considers the correlation within each set of
reported ORs.”” Second, we pooled study-specific dose-
response curves to obtain an overall average curve using

was used to evaluate linear or

random-effects modeling.37 Finally, a likelihood ratio test
was used to compare differences between linear and non-
linear models.*® Furthermore, we also estimated heterogene-
ity with the I* statistic.®® All analyses were conducted with
the R software (dosresmeta package version 2.0.1).*° A two-
tailed p-value < 0.05 was regarded as statistically significant.

3 | RESULTS
3.1 | Baseline characteristics of cohort
patients

A total of 466 participants in this cohort (type I BD: 429
cases; type II or other BD: 37 cases) were followed up
and divided into groups according to lithium serum lev-
els: <0.4 mmol/L (153 cases, mean with a standard devia-
tion = 0.30 + 0.06 mmol/L), 0.4-0.8 mmol/L (287 cases,
0.55 + 0.11 mmol/L), and 0.8-1.2 mmol/L (26 cases,
0.86 + 0.06 mmol/L). Table 1 summarizes the characteristics
of the participants enrolled in this cohort. In general, the av-
erage age of participants was 42 years, and they most often
had co-occurring hypertension (9.7%), and concurrently took
antipsychotics (73.0%).

3.2 | Primary outcome and
sensitivity analyses

In the 267 person-years of follow-up, either a psychiatric
hospitalization or any increase in the doses of concomitant
psychopharmacological agents occurred in 329 participants
over the 2-year follow-up period. Table 2 and Figure 1 show
the results of the primary and sensitivity analyses (model 1:
stable lithium serum levels for 150 days; model 2: lithium
monotherapy). Compared to participants with lithium serum
levels below 0.4 mmol/L, those with lithium serum levels be-
tween 0.4 and 0.8 mmol/L exhibited a significant lower rate
of recurring mood episodes (primary analysis: aHR [95% CI],
0.75 [0.59-0.95]; model 1: aHR [95% CI], 0.76 [0.60-0.96];
and model 2: aHR [95% CI], 0.19 [0.07-0.51]). For partici-
pants with lithium serum levels between 0.8 and 1.2 mmol/L,
the risk of recurring mood episodes was reduced, although it
did not reach a statistical significance (primary analysis: aHR
[95% CI], 0.77 [0.47-1.27]; model 1: aHR [95% CI], 0.82
[0.51-1.31]; and model 2: aHR [95% CI], 0.40 [0.06-2.66]).

3.3 | Subgroup analysis of the cohort study

Table 3 presents analysis stratified by age groups, with lith-
ium serum levels <0.4 mmol/L as the reference group. For
participants with lithium serum levels of 0.4-0.8 mmol/L,
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TABLE 2 Comparing the adjusted
effectiveness of all patients in different
lithium groups through the Cox proportional
hazard model, with two sensitivity analyses

Lithium serum levels
e % 0.4 mAMOIN
-t 0.4-0.8 Mol

Incident/total
Group cases
All patients
<0.4 mmol/L 114/153
0.4-0.8 mmol/L 196/287
0.8-1.2 mmol/L 19/26

Model 1 (stabilization for 150 days)

<0.4 mmol/L 118/158
0.4-0.8 mmol/L 205/298
0.8-1.2 mmol/L 22/29
Model 2 (lithium monotherapy)
<0.4 mmol/L 13/17
0.4-0.8 mmol/L 11/30
0.8-1.2 mmol/L 2/4

Abbreviation: HR, hazard ratio.

Person—
years

73.86
178.37
14.42

74.52
182.04
14.90

7.44
33.64
1.73

Adjusted HR*

1.00 [Reference]
0.75 (0.59-0.95)
0.77 (0.47-1.27)

1.00 [Reference]
0.76 (0.60-0.96)
0.82 (0.51-1.31)

1.00 [Reference]
0.19 (0.07-0.51)
0.40 (0.06-2.66)

“Hazard ratio was adjusted for age, gender, all comorbidities, and all medications.

*Indicated p < 0.05.

Lithium serum levels
e € 0.4 mmolll
=== 0.4-0.8 mmoi
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p

0.019"
0.302

s

0.022
0.401

5

< 0.001
0.342

Lithium serum levels
e € 0,4 mmoll]
- 0.4-0.8 mmoll

E — 0.8-1.2 mmol g \ —— 0.8-1.2 mmol/| E —— 0.8-1.2 mmol/l
F- 70 — 2 70 \ E
E &0 | 2 s F B e an ooy
e 50— ? 50 H
g 4 £
7’! 40 — E 40 — s
z 30 s 2 30 H
@ 20 Ty ? 20 i
10 — 10 — 10 —
°(A) . °71(C)
T T T T T T T T T T T T T T T

0.0 05 10 15 20 0.0 05 1.0 15 20 00 0.5 1.0 15 20
Number at risk. Time (years) Number at risk Time (years) Number at risk Time (years)
< 0.4 mmol| < 0.4 mmol/l < 0.4 mmoll

153 50 24 21 o 158 50 24 21 o 17 6 2 2 0
0.4-0.8 mmol 0.4-0.8 mmoll 0.4-0.8 mmol/l

287 107 72 55 o 109 73 56 o 21 16 13 0
0.8-1.2 mmol 0.8-1.2 mmolil 0.8-1.2 mmol/l

26 10 5 4 o 23 10 5 4 o 4 1 1 1 0

FIGURE 1 Time to recurrence of any mood episode (Kaplan-Meier curves). (A) primary analysis of all participants, (B) sensitivity analysis of

participants on stable serum levels of lithium for 150 days, and (C) sensitivity analysis of participants on lithium monotherapy

TABLE 3 Comparing the adjusted effectiveness of all participants in different lithium groups through Cox proportional hazard models,

stratified analysis by age

<0.4 mmol/L 0.4-0.8 mmol/L 0.8-1.2 mmol/L

Incident/total Incident/total Incident/total
Age group cases Adjusted HR? cases Adjusted HR* cases Adjusted HR?
<20 years 9/14 1.00 [Reference] 11/13 1.97 (0.60-6.43) 12 0.76

(0.06-10.04)

20-40 years 46/61 1.00 [Reference] 81/111 0.74 (0.49-1.12) 5/9 0.39 (0.14-1.07)
40-60 years 46/62 1.00 [Reference] 81/125 0.67 (0.4670.99)* 12/13 1.35 (0.66-2.75)
>60 years 13/16 1.00 [Reference] 23/38 0.59 (0.21-1.68) 172 0.76 (0.07-8.07)

Abbreviation: HR, hazard ratio.

"Hazard ratio was adjusted for gender, all comorbidities, and all medications.

*Indicated p < 0.05.

the aHR decreased in older age groups (aHR [95% CI]
<20 years: 1.97 [0.60-6.43]; 2040 years: 0.74 [0.49-1.12];
40-60 years: 0.67 [0.46-0.99]; >60 years: 0.59 [0.21-1.68]),

and only participants between 40 and 60 years exhibited a
significant decrease in the occurrence of recurring mood
episodes (aHR [95% CI], 0.67 [0.46-0.99]). For participants
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with serum levels of 0.8—1.2 mmol/L, there was no influence
of age on the recurrence of mood episodes.

3.4 | Dose-response meta-analysis

Five studies (including our retrospective cohort study) with a
total of 1406 participants were included in the dose-response
meta-analysis.”**"?*4° The flowchart of study selection along
with the reasons for exclusion of studies following full-text
review as well as the characteristics of the included studies,
and the methodological quality/risk of bias assessment of eli-
gible studies are detailed in the Supplement (Appendix 6-9).
Figure 2 depicts the linear and non-linear dose-response re-
lationships between lithium serum levels and recurring mood
episodes. In the linear model, the pooled OR of recurrence
of any mood episode for each 0.1 mmol increase in lithium
serum levels was 0.85 (95% CI, 0.81-0.89), with no hetero-
geneity across the included studies (* = 0.0%, p = 0.742).
In the non-linear model, as lithium serum levels increased,
the risk of recurring mood episodes exhibited a concave
upward trend with a negative slope. Odds ratios with 95%
CIs are presented in Table S6 (Appendix 10). However, the
likelihood ratio test suggested that there were no statistically
significant differences between the two models (p = 0.192).
Furthermore, in this systematic review, there was a lack of
data on the treatment efficacy of different lithium serum lev-
els in younger vs. older participants; thus, a dose-response
meta-analysis stratified by age subgroups could not be
conducted.

1.0+
o =l -~
g 05 _-
8 -
8 -
[y
el
2
o
[}
2 .
g — Linear ~
= : ~
Z 02 Nonlinear - N
~
~
N\
N
N\
0.1 »
) | [ | Lilll | N
T T T T T T 1 T T T
00 01 02 03 04 05 06 07 08 09 10 11 12

Lithium serum level, mmol/l

FIGURE 2 The linear and non-linear relationships of lithium
serum levels and any recurring major mood episode

4 | DISCUSSION

This real-world retrospective cohort study of participants
with BD during maintenance treatment across multiple medi-
cal institutions evaluated the clinical efficacy of different
lithium serum levels for the prophylaxis of mood episodes
of any polarity. Compared to lithium serum levels below
0.4 mmol/L, those participants with serum lithium levels of
0.4-0.8 mmol/L exhibited a significant decrease in the risk
of recurring major mood episodes. Additionally, participants
with lithium serum levels of 0.8—1.2 mmol/L also presented
a lower risk of recurring mood episodes, although these find-
ings did not reach statistical significance. Furthermore, these
associations were confirmed in the sensitivity analysis, thus
adding robustness to our primary findings. These results were
further confirmed in our dose-response meta-analysis, which
showed that higher serum lithium levels reduced the risk of
recurrence of mood episodes. Moreover, subgroup analysis
stratified by age found that among participants with lithium
serum levels of 0.4-0.8 mmol/L, the risk of recurring mood
episodes decreased as a function of older age; only partici-
pants aged 4060 years exhibited a significantly reduced risk
of recurring mood episodes.

Our data provide real-world prescription patterns for
lithium during the maintenance treatment of BD. In terms
of serum levels, most participants belonged to the 0.4-
0.8 mmol/L. group (n = 287) and few to 0.8—-1.2 mmol/L
group (n = 26). Compared to a survey conducted among psy-
chiatrists from Spain41 and recommendations from some na-
tional guidelines,“z’43 much fewer participants in our cohort
belonged to the 0.8—1.2 mmol/L group. This counterintuitive
finding could be explained by the difference between psy-
chiatrists’ thoughts and patients’ expectations. Higher serum
levels of lithium during the maintenance phase of treatment
of BD generally require the prescription of more daily doses
of lithium,** which may lead to a higher incidence of side
effects and poor cornpliance.“s’46 This issue may prevent
some clinical psychiatrists from increasing lithium dosages
to reach the target serum levels recommended by the treat-
ment guidelines.*’

Acrecent systematic review'! and previous treatment guide-
lines from the British Association for Psychopharmacology
(BAP)! and the Royal Australian and New Zealand College
of Psychiatrists (RANZCP)? recommend target lithium serum
levels of 0.6-0.8 mmol/L as an efficacious range. However,
there is limited evidence to support these recommendations.
For example, the aforementioned systematic review included
seven studies and 1274 participants.11 Our retrospective co-
hort study provided evidence from 466 participants; thus, en-
riched the evidence base indicating that lithium serum levels
of 0.4-0.8 mmol/L (serum level: 0.55 + 0.11 mmol/L) could
be associated with a notably lower risk of recurring mood ep-
isodes when compared to lithium serum levels <0.4 mmol/L
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(serum level: 0.30 = 0.06 mmol/L). Moreover, the subsequent
dose-response meta-analysis that included data from 1406
participants further supports this view, which may indicate
that these serum levels could be the best choice for patients
with BD during lithium maintenance treatment, considering
both evidence from real-world evidence and previous clinical
trials.

Regarding the efficacy of the 0.8-1.2 mmol/L group,
the results of our cohort and dose-response meta-analysis
showed a reduced risk of recurring mood episodes, albeit
with a wide interval. This partially reflects the inconsistent
recommendations across different guidelines. For instance,
the Canadian Network for Mood and Anxiety Treatments/
International Society for Bipolar Disorders (CANMAT/
ISBD) guideline® and the International College of Neuro-
Psychopharmacology (CINP) guideline'® propose different
upper limits of lithium serum levels during maintenance
treatment for BD (CANMAT/ISBD: 0.6-1.0 mmol/L and
CINP: 0.6-1.2 mmol/L). At least two explanations may ex-
plain these discrepancies. First, the low sample size of the
participants with lithium serum levels of 0.8—-1.2 mmol/L
may result in a wider CI range.48 In our cohort study and in
the dose-response meta-analysis, the number of cases in the
0.8-1.2 mmol/L group was much lower than those in other
groups (our cohort: Table 2; dose-response meta-analysis:
0.8-1.2 mmol/L, 82 cases; 0.4-0.8 mmol/L, 555 cases; and
<0.4 mmol/L, 769 cases). Second, participants with higher
serum levels (0.8—1.2 mmol/L) may have a more severe ill-
ness, leading clinicians to prescribe higher lithium doses
to achieve higher serum levels. This potential indication
bias might have affected treatment efficacy,49 both in our
cohort and in three studies included in this meta-analysis
(Table S5).**?"*° In addition, BD in special populations
can only benefit from lower lithium serum levels rather than
higher lithium serum levels, which may be another reason.
For example, one review indicated that perinatal BD with
serum levels <0.64 mmol/L had more reactive newborns
without an increased risk of cardiac malformationsso; the
other study suggested that the serum level should be reduced
to 0.40-0.60 mmol/L in BD with poor tolerance to lithium.'!
Collectively, for patients treated using lithium serum levels
of 0.8—1.2 mmol/L, further studies are needed to establish the
true prophylactic efficacy.

Due to the lack of research on the comparative prophylac-
tic efficacy of lithium serum levels in younger versus older
patients with BD,'">! we conducted a subgroup analysis
stratified by age. For lithium serum levels of 0.4-0.8 mmol/L
across different age subgroups, the current results suggest
that older the age, the lower was the risk of recurring mood
episodes; however, when analyzing patients with lithium
serum levels of 0.8—1.2 mmol/L, the aforementioned pattern
was not observed (Table 3). This risk distribution pattern may
partly support previous studies, which suggest that a more
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conservative (lower) lithium serum level (0.4-0.8 mmol/L)
could be more efficacious particularly among the eldelrly.1 L3
Additionally, the relationship between serum lithium levels
and the risk of recurrent mood episodes in perinatal BD is
another issue. Physiological adaptation of body volumes may
affect lithium concentration, thereby affecting its potential
efficacy and safety.50 The evidence for the above issues is
not yet sufficient. Therefore, further research is needed on
issues involving BD special populations for the forthcoming
meta-analysis. 15,50,51

This study had several strengths. First, our cohort came
from large EMRs from multiple institutions across Taiwan,
providing real-world data for patients with BD on mainte-
nance treatment using lithium, thereby providing further evi-
dence for this relatively scarce literature.”* Second, our study
used sensitivity analysis and dose-response meta-analysis
to enhance the robustness of our findings and their univer-
sality to real-world patients with BD treated using different
serum levels of lithium. However, some limitations deserve
discussion. First, using a database-based retrospective cohort
study, it is difficult to avoid non-random allocation, possi-
ble indication bias, and unmeasured (residual) confound-
ing.53 To minimize those potential limitations, we extracted
observable differences in baseline characteristics, applied the
aHRs model, and performed further sensitivity analysis and
a dose-response meta-analysis. However, some unobserved
confounders, such as the history of BD, the polarity of re-
cent episodes, and previous response to lithium, are lacking.
Second, lithium serum levels at the index date were used
to classify participants into different groups; however, fol-
low-up measurements of lithium serum levels were not rou-
tinely implemented. We considered two criteria to reduce
this uncertainty and ensure that participants were accurately
allocated into each group according to lithium serum levels
(no reduction in lithium dose and an acceptable difference in
lithium serum levels of <0.1 mmol/L during the 2-year fol-
low-up). Third, the current medical records of CGRD do not
provide scores from validated rating scales for depressive or
manic symptoms,’® such as the Young Mania Rating Scale™
or the Montgomery-Asberg Depression Rating Scale.”
Therefore, we adopted the most common definition in pre-
vious studies (psychiatric hospitalization and the use of any
additional psychotropic drug) as proxies for recurring mood
(=,pis0do:s.24’27’28 Nevertheless, we had no information about
the polarity of mood episodes. Fourth, notwithstanding this
multi-institutional study accounting for more than 20% of the
outpatient population in Taiwan, patients might still receive
care at other medical institutions outside of the CGRD sys-
tem. This lack of continuity of medical visits can affect the
completeness of our patient records, such as the recurrence
of mood episodes. Finally, since relatively few studies were
included (k < 10) in the dose-response meta—analysis,56 pub-
lication bias could not be reliably assessed.
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In our real-world retrospective cohort of participants with
BD during lithium maintenance treatment, those with serum
levels of 0.4-0.8 mmol/L had a significantly lower risk of
recurring mood episodes; those with serum levels of 0.8—
1.2 mmol/L may also exhibit a reduced risk of recurring mood
episodes; however, the risk interval was wider possibly due
to the relatively few participants in this group rendering the
results non-significant. A dose-response meta-analysis also
provided similar findings. Further analysis of age subgroups
showed that older the age, the lower was the risk of recurring
mood episodes at lithium serum levels of 0.4—0.8 mmol/L. Our
findings provide a clinical reference for the most efficacious
lithium serum levels for the maintenance treatment of BD.
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