- Acta Psychiatrica Scandinavica

A;'lta P}xy(rhiatr Sz'{and 2019: 1-22 © 2019 The Authors Acta Psychiatrica Scandinavica Published by John Wiley & Sons Ltd
All rights reserve
DOI: 10.1111/acps.13062 ACTA PSYCHIATRICA SCANDINAVICA

Systematic Review /| Meta-Analysis

A systematic review and meta-analysis of
clinical predictors of lithium response in
bipolar disorder
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Objective: To determine clinical predictors of lithium response in
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lithium response was conducted. Meta-analyses were performed when
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[odds ratio (OR): 4.27; 95% CI: 2.61, 6.97; P < 0.001], absence of rapid | Provided the original work is properly cited.
cycling (OR for rapid cycling: 0.30; 95% CI: 0.17, 0.53; P < 0.001),
absence of psychotic symptoms (OR for psychotic symptoms: 0.52;
95% CI: 0.34, 0.79; P = 0.002), family history of bipolar disorder (OR:
1.61; 95% CI: 1.03, 2.52; P = 0.036), shorter prelithium illness duration
[standardised mean difference (SMD): —0.26; 95% CI: —0.41, —0.12;

P < 0.001] and later age of onset (SMD: 0.17; 95% CI: 0.02, 0.36;

P = 0.029). Additionally, higher body mass index was associated with
poor response in two studies (SMD: —0.61; 95% CI: —0.90, —0.32;

P < 0.001). There was weak evidence for number of episodes prior to Key words: bipolar disorder; clinical aspects; lithium
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10.28; 95% CI: 0.66, 161.26; P = 0.097). Ioseph.hayes@ucl.ac.uk

Conclusions: The relative importance of these clinical characteristics
should be interpreted with caution because of potential biases and
COl’lfOunding. Accepted for publication June 12, 2019

Summations

e Our results suggest that predictors of good response are (i) mania-depression-interval sequence, (ii)
absence of rapid cycling (iii) absence of psychotic symptoms, (iv) shorter prelithium illness duration,
(v) family history of bipolar disorder and (vi) later illness onset. Additional features which may be
related to response are body mass index, number of episodes before lithium treatment, number of
hospitalisations before lithium and family history of lithium response.

Limitations

e Very few of the studies explored the possibility of interdependence or interaction between predictors.

e Because of the limitations of the data, particularly the limited number of RCTs, it is difficult to sepa-
rate predictors of lithium response from predictors of a benign illness course.

e Because of the low reliability of the results and the inability to eliminate biases, any clinical conclu-
sions relating to any single predictor should be made cautiously.


https://orcid.org/0000-0003-2286-3862
https://orcid.org/0000-0003-2286-3862
https://orcid.org/0000-0003-2286-3862
http://creativecommons.org/licenses/by/4.0/
mailto:

Hui et al.

Introduction

Globally, guidelines recommend lithium as first-line
maintenance treatment for bipolar disorder (BPD)
(1-3). While lithium has a higher complete response
rate than other mood stabiliser medication, only one
in three patients will respond well to the drug (4). A
number of studies have attempted to identify predic-
tors of response from biological, genetic, clinical and
psychosocial characteristics. A recent review of
biomarkers to predict lithium response was some-
what discouraging (5). Genome-wide association
studies have developed a polygenic risk score for
lithium response (6) and large biological marker
studies are just beginning (7). However, despite enor-
mous potential to improve our understanding of
the lithium-responding subtype of BPD, these
approaches are unlikely to be able classify responders
accurately without the inclusion of additional clinical
features (6). We identified four reviews of multiple
clinical lithium response markers, with the most
recent attempt to meta-analyses original studies pub-
lished in 2005 (8—11). These reviews are limited in
their scope as they are not systematic and fail to meet
PRISMA standards (12). Factors associated with
lithium response described in these reviews include
the course of illness, family history of bipolar disor-
der, family history of lithium response, age at illness
onset, number of bipolar hospitalisations, mania-de-
pression-interval (MDI) course sequence, depres-
sion-mania-interval (DMI), continuous cycling (CC)
(<4 episodes per year without euthymic intervals
(13)), rapid cycling (RC) (>4 episodes per year (13))
and bipolar II disorder (BPD II). We also identified
reviews which examined single predictors: pretreat-
ment episode count (14) and episode sequence (15).
In the light of these issues, we systematically reviewed
the existing literature on clinical predictors of lithium
response in BPD and performed meta-analysis where
possible.

Methods

This systematic review followed the MOOSE
guidelines and PRISMA statement (12, 16).

Eligibility criteria

We included randomised trial and observational
studies, including adult participants diagnosed
with BPD receiving lithium monotherapy. Studies
that did not report separate analyses of patients
treated with lithium were excluded. Studies exam-
ining the use of lithium for other indications (such
as unipolar depression) were excluded. We consid-
ered studies to be eligible for inclusion if they
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reported an association between patient level fac-
tors (e.g. age at illness onset) and any definition of
a lithium response (e.g. recurrence under lithium
treatment).

Information sources

We searched EMBASE, Medline and Web of
Science from inception to July 2018; the final
search was performed on July 14, 2018. Additional
studies were identified through screening reference
lists of included studies and relevant papers. We
included only English language studies in humans.
Other articles relevant to this topic were searched
for via Google Scholar, using reference lists of rele-
vant studies.

Search

We used the following search terms to search all
trials registers and databases: [Lithium* OR
lithium blood level OR lithium carbonate OR
lithium citrate OR treatment response* OR drug
response™ OR predictor®*] AND [Bipolar disorder]
AND [observational stud* OR controlled clinical
trial* OR RCT OR randomised controlled trial*].

Study selection

Eligibility screening was performed independently
by three reviewers. The first author (TPH) screened
the titles and abstracts of potential studies to deter-
mine inclusion, with a 20% random sample of
records independently screened by two reviewers
(AK and LS). Eligible studies were subsequently
confirmed by the three reviewers (TPH, AK and
LS) who independently checked the full text of all
retrieved articles. Disagreement was resolved
through discussion and consensus between TPH,
AK, LS and JFH.

Data collection process

One reviewer (TPH) extracted the following data
from included studies and the second (LS) checked
the extracted data, including author details, year
of publication, types of study design, sample size,
interventions investigated, comparison, outcome
evaluation or definition of lithium response and
key finding. Disagreements were resolved by dis-
cussion between TPH, AK, LS and JFH.

Data items

Information was extracted from each included
study on: (i) characteristics of study participants



(including sample size and number of lithium
responders and non-responders; (ii) intervention
details (dose, duration of lithium treatment); (iii)
definition of a treatment response (number of
recurrence under lithium treatment, reduction in
time spent in hospital under lithium treatment,
reduction of episode frequency, or improvement
during lithium treatment based on valid scales,
such as Illness severity index (ISI) (17), Affective
Morbidity Index (AMI) (18) and ALDA scale
(19)); (vi) potential predictors examined; (v) sum-
mary results. Data sharing is not applicable to this
article as no new data were created or analysed in
this study.

Risk of bias in individual studies

Three reviewers (TPH, AK and LS) independently
rated each eligible study. The quality of each indi-
vidual study was evaluated using the modified
Downs and Black quality assessment scale
(Table S1), which consists of 26 questions to evalu-
ate both randomised and non-randomised studies
(20). Question 27 evaluating power was excluded
as power should not be part of quality assessment
as the aim of a meta-analysis is to detect an effect
from inconclusive or underpowered studies. Each
criterion is worth one point, and a total score of 20
or above, between 15 and 19, and 14 or below is
considered a study of good, fair and poor quality
respectively. This quality assessment tool evaluates
study reporting, external and internal validity
including bias and confounding. Discrepancies
between the two reviewers were resolved by discus-
sion and consensus.

Synthesis of results and risk of bias across studies

Meta-analyses were performed after the four
assumptions of homogeneity were assessed: (i)
studies should be similar in terms of patients
recruited; (ii) studies should be comparing the
same intervention or exposure with similar con-
trols, (iii) studies should be reporting the same
outcomes, (iv) the effect of a predictor should
ideally be in the same direction (21). Narrative
analysis was carried out along with meta-analy-
sis if only some of the included studies met all
of the criteria. For each meta-analysis, where
there were two or more studies using the same
sample of patients, we excluded the smaller or
earlier study.

Meta-analysis using the DerSimonian and Laird
random effect model was conducted for each pre-
dictor because we assumed heterogeneity existed
across different studies, given the definitions of
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lithium response across studies were inconsistent
(22). For binary outcomes, results of the primary
studies were summarised as odds ratios (ORs). For
continuous outcomes, results of the primary stud-
ies were summarised in standardised mean differ-
ence (SMD). Pooled ORs or SMDs and
corresponding 95% confidence intervals were cal-
culated if two or more studies reported the same
clinical predictor.

A number of studies categorised patients with
BPD as ‘partial responder’ in addition to ‘respon-
der’ and ‘non-responder’. In order to conduct the
random-effects pairwise analysis, we combined the
group ‘partial responder’ and ‘non-responder’ and
formed the group ‘partial or non-responder’ to
avoid chances of data contamination that might
impact the results of clinical predictors of lithium
responders. Heterogeneity for each predictor was
assessed using forest plots and a measure of incon-
sistency (/). Publication bias was examined visu-
ally through evaluating funnel plots. Stata version
15 was used for all analyses.

Results
Studies included

Our search resulted in 3897 unique citations. Of
these, 3670 studies were excluded as the titles
and abstracts were not relevant to the research
topic, leaving 137 potentially eligible studies for
which the full text was reviewed (Fig. 1). At
this stage, 71 studies did not meet the inclusion
criteria. An additional five studies that met the
inclusion criteria were identified by checking the
references of relevant papers and searching via
Google Scholar. A total of 71 studies met all
inclusion criteria and were included in system-
atic review, and 44 of these provided data
which could be meta-analysed. These studies
are described in Table 1. Studies were excluded
from the meta-analysis if the population over-
lapped with another included study population
or if it was not possible to calculate the OR or
SMD. This meant two large studies using Dan-
ish population registers could not be included
(23, 24).

In total, 19 clinical variables were identified
from the articles and further assessed as predictors
of lithium response in at least two or more studies:
(1) age at study start, (ii) age at illness onset, (iii)
prelithium illness duration, (iv) number of episodes
prior lithium treatment, (v) number of hospitalisa-
tions prior to lithium, (vi) type of BPD (BPD I vs.
BPD II), (vii) interval course sequence (MDI vs.
DMI), (viii) CC, (ix) irregular sequence (IRR)
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(absence of any regular mania-depression-
sequence), (x) RC, (xi) index episode (mania vs.
depression), (xii) predominant polarity (mania vs
depression), (xiii) family history of any affective
disorder, (xiv) family history of BPD, (xv) family
history of lithium response, (xvi) alcohol and drug
use, (xvii) psychotic symptoms, (xviii) sex and (Xix)
body mass index (BMI).

Age at illness onset

A total of 21 studies explored the effect of age
at illness onset; five studies (25-29) were
excluded because of insufficient reporting; two
studies reported categorical age data rather than
continuous data and were therefore not
included in meta-analysis. The study by Okuma
and colleagues (30) categorised patients into
four age groups (>20; 21-30; 31-40; <40) and
found no association between age at illness
onset and lithium response. However, a similar
study conducted by Schurhoff et al. (31) found
that late onset (40 years old or older) was asso-
ciated with good lithium response (P = 0.04).
Pooling the remaining 14 eligible studies, with a
total sample of 2063 patients, there was an
association between age at onset and treatment
response (SMD = 0.17; 95% CI: 0.02 to 0.33;
P =0.029; Fig. 2, Figure S1), but heterogeneity
was high (7 =58.3.6%; P =0.003). Of these
included studies, four found increasing age was

associated with increased chance of lithium
response (32-35) and one found increased age
was associated with a reduced chance of
response (4).

Age at study start

The association between age at study start and
lithium treatment response was quantified in 10
studies with a total sample of 1266 patients. A
medium level heterogeneity was observed
(? = 50.8%; P =0.032). The pooled effect esti-
mate suggested no association between study
admission age and lithium response (SMD: 0.02;
95% CI: —0.17 to 0.21; P = 0.851; Fig. 2, Fig-
ure S1).

Prelithium illness duration

Data from five studies with a sample of 931
patients were pooled (Table 1). Heterogeneity was
low (F = 0.0%: P = 0.701). The results suggested
that a short prelithium treatment illness duration
was associated with good lithium response
(SMD = —-0.26; 95% CI: —-0.41 to -0.12;
P < 0.001; Fig. 2, Figure S2). This was also true in
the study by Kessing and colleagues of 4714 indi-
viduals with BPD (24); those commenced on
lithium at first contact had lower rates of non-re-
sponse compared to those commenced at later con-
tacts (HR 0.87,95% CI1 0.76 to 0.91, P < 0.0001).

Records identified Records identified Records identified
through EMBASE through MEDLINE through Web of Science
5 (n=1853) (n=1056) (n=2053)
5
l |
=)
Records after duplicates removed
(n=3897)
2 ) l
§ T|t|esi::eil;2tract Records excluded
5 (n= 3897) (n=3670)
> Full text assessed for
% eligibility Full-text studies excluded
Z (n=137) (n=71)
— Additional records l . . .
Stud hich did not
identified through Studies included in rei(;ftsav: alscsoc;at?:n
referencereviewand [ systematic review between patient level
§ Goo(gle_ssc)hmar (n=71) factors and treatment
= n= l response (n = 60)
= Studies included in meta-
analysis Review articles (n = 11)
(n=44)

Fig. 1. PRISMA flow diagram.



Prediction of lithium response

%09
LHyl eu :uoiein(
H00d (20000 =4) €€ = 011el Sppo N SA 1N Jeak | < J0} $8IUBLINIBI ON ,90uaNbas ING/IaN BU[PAST  ¥6Z 086l (19) "[e 18 sojndoxyny
(500 >d)
asuodsal soueuajuIeW WnIyll| POob Y1M paje1dosse aq o} Syluow G|—g :uoneing
HIv4 paseadde ejuew Buunp swoidwAs anoyaAsd Jo uoneuasaly WINIY}| Japun 8aualniay swoydwAs anoyaAsq |/joww z'| 03G0:[9Ae1 99 6461 (09) '|e 18 |eyruasOY
(SN 8njeAy) J0jo1paid asuodsas wniyyl| e Jou Ayjeuosiad a1wAyiojaA)
a1am Ayljeuosiad a1wAuyyojaAa pue aposida xapul jo adAy 'xag Aejod aposida xapu|
(00 > o) ssaul|i Jiayy Jo uoneinp ayy Buinp U01JIPAW-09 JO Paau REIN sieak z :uoneing
H00d swoydwAs anoyaAsd aiow paheldsip (9 19) siepuodsai-uopN 10 WNY}| J8pun 8auaiInday LSwoydwAs anoyohsq |/loww §°0> :[ers]  6S 6461 (6S) |e 18 Ypueuy
«0da jo Aioisiy Ajiueq
,SS8U||1 8AnaYe Jo Aloisiy Ajiwe4
uonjesi|eydsoy 1l 1e aby
18SU0 $sauj|l 1e aby
(SN @njea-d) asuodsal wniyy| JuauIleal) 181 1 by
UMM PBleId0sSe 10U a1am Al0lsIY Ajiluey pue Juswiealy aposida xapul BuijaAd
18113 1e abe ‘Jasuo ssau||i e abe ‘aposida xapul o ainjey Aejod aposida xapu|
(100 >d) Juawesl)
asuodsal WniyH| YHM paje1oosse alam uonesijendsoy 03 Joud saposida Jo Jaquiny eu :uoneing
H00d 18114 1e abe pue saposida snoirald Jo Jaquinu ‘xag 82U31In98) 0} BWI| REN BU [8A8T OB 9/61 (85) "|e 18 Jauung
x4
.(dd Jo adhiang
1els Apnis 1e sby
(eu anjeA) esuodsal winiyyl| 0} pale[al J0u alam Xag syjuow g< :uoneing
Hiv4 (dg Jo adAy pue xas ‘Leis Apnis 1 abe ‘Jasuo ssau||i1e 8By Seposida poow Jo 83usLINIBY 18sU0 ssau||! 1e aby |/joww z'|—/0:[eA8T GG 61 (Gz) anal{ R JsuunQ
(SN anjend) ‘(%6y) Aoisiy Ajiuse
ou yum dnolb ayy ueys ‘(%88) siapuodsal Jjo uorodoud
Jaybiy e pey qdg Jo Aoisiy Ajiwey e yum dnoub sy
(10°0 > ¢) dnoub Aauanbaiy-ybiy sy ui syuaned 9,0
0} paledwod siapuodsal wniyyl| a1am dnoJb aposids-ou sy} Aauanbaly 049 Jo Aoasiy Ajiweq sieah z :uoneing
Yiy4  ur swuaned 969 pue dnoib Asusnbaiy-moj 8y} ur sjuaied %G5 aposida jo uononpay  juawieas} wniyy| Joud saposida Jo Jaquiny ‘|/joww (ueaw) /'0 88T S0Z  YL6L (£G) e 18 UBIY
(SN 8njea-d) dnoub 1spuodsai-uou
ay} ur syuaied aulu yum pasedwod ‘uoissaldap sejodiun
Jo Aoisiy Ajiwey aanisod e pey siapuodsal winiyi| uasiybig
1600 > 4 > 20°0) hoisiy Ajiurey anisod e pey
slapuodsal-uou g| 8y} J0 In0 oMy Ajuo ajiym ‘qdg 4o Aloisiy Q44 Jo Aioisiy Ajiueq
Ajiwey anisod e pey wniyi 01 s1apuodsal Z J0 In0 usaylq 83U31In9aJ 0} awI| SsaU||1 8AnaYe Jo Aloisiy Ajiwe |/joww € |-80:[ensT € eL61 (95) "|e 18 ZoImB|pUB
(eu anjea-d) sispuodsal [ewndogns
Ul 8A1} JO 8U0 0] paledwod 18pI0sIP 8ANJBYE JO Al0iSIY sieah ¢ :uoneing
H00d Ajiwey e pey asuodsas poob yyim sjuaied usnss jo ol WN{YL| J8pun 83uaLNnday ,1ap1osip aAndaye Jo Aioysiy Ajiwe eu jana] 8l 0/61 (GG) ure1sq3 R youoly
Ayjenb Apmg Apmis paysijqnd ui papodas se sbuipuly Aay asuodsal (sisAjeue-ejow uoneinp juaunean u 1eap loyiny

jJuauneain jo uoniuyag

ur papnjaul,) s10jo1paid [ealully

1 |ana] wniyr

asuodsal Wiy Jo s10301paid [BIIUIND BYY PUB (| / = U) SBIPNIS Pa1d8jes JO UonesLeloeIey) | 8|qel



Hui et al.

adg Jo Aoisiy Ajiueq
13plosip anindaye Aue jo Aoisiy Ajiwe

ad
18sU0 ssau||l 1e aby
(dd Jo adhgng
sl0jaipaud [enualod Aue Ag sispuodsal JuaWIesl} uels Apnis 1e aby SUIUOW (7°0ZF) 9 uoneing
-Uou pue Japuodsal usamiag saauaialIp Juealiubis oy wniyy| Bulnp aausinaay Xas |/loww (71°0F) LL°0:eAeT L6 1861 (99) *|e 18 ya1upooy
uoissiwpe Alosindwo)
swoydwAs anissaidaq
,.8sn Bnip pue joyoa)y
,19pI0SIp 8ANBYE JO AI0ISIY
Ajiwe4 ‘Ayjeuosiad a1wAylojAa/LaA01X]
saposida snoinaid 10} Jusulesal) paAlsday
SSe|d [e120S
REN
Ssau||l 40 uoneing
(Bunes Ayisnas
sJ0ja1paud [enualod Aue Aq sispuodsal JUEINEEN "a|eas Bunes oluew paiipow) SYAIN Syuow g—g¢ :uoneing
400d -Uou pue Japuodsal Usamiag saauaialip uedlubis oy wniyy| Bulnp 8auainaay LMe1s Apnis 1e aby |/loww o< :|8A8] 86 9861 (zv) 1apuely
(eU 8njeAy) JuBWIESL} WNIyH|
03 Joud saposida ajdinw pey oym susiied qdg %ze
0} pasedwod pasdejal aposida xapul 118y} Buunp juswiess JuawIesl} JUBWIE} Wnly sleah (| :uoneing
Hiv4 WiNIy| Uo PauBLIWO0d 81am oym sjuaned 0dg 4o %9| wniyy| Buunp sauainaay 03 Joud saposida snoiraud Jo Jaquiny BU BN $0L 9861 (59) ‘e 18 upwnog
(500 >d)
Aioisiy Ajiwey ou yym asoyy ueyy asuodsas wniyy| (149 Jo Aosiy Ajiweq
1ayBiy Apueaijiubis pey gdg 4o Alolsiy Ajiwey e yum syuaned LJuawieal
(70°0 > d) siepuodsa. Jood 0} Jiej 01 paieduiod winiy| wniyy| Joud saposida snoiaald Jo Jaquiny sieah ¢ :uoneinq
Yiv4 wniyy| 03 Joud saposida Jamay pey siapuodsal poog)  Iapun xapul Avpigiow abelany RGN |/joww £ 0-G0:8AeT  LE 9861  (v9) uaddoy 1§ ysjes-noqy
(50°0 > o) S8posida JuaLINd8I Jamay pue (upBW) syuow 'z :uoneing
400d Buiuonauny Ja11aq yim pajeldosse sem poddns [e1aos ybiH winiyy1| Japun aauanday poddns |eroog |/joww Z'1—G'0:18A8T1 09 G861l (1¥) |2 18 |]8uUU0),0
(eu anjeA) asuodsal WNIYH| YHM PaIRIIOSSE J0U Iam uoissiwpe/Aauanbauy JuaWIeal) wniy Joud saposida Jo Jaquiny sieak z<:uoneing
H00d 1Y11| Joud saposida Jo Jaquinu pue 18suo ssauj|l 1e aby aposida ur uonanpay 18sU0 ssau||l 1e aby j/loww 01—G0:eAs] 10l S861L (€9) Buex
(L0°0 > o) sispuodsal-uou 0} paiedwod siapuodsal wniyy|
10} Jamo| Ajpuearjiubis sem wisia1301Nau Jo 8109s abelsne ay|
(50°0 > o) Avjewlouge siy} pamoys siapuodsal-uou 9 /G ssauaAundelixa ‘ssauaAiliundoul
pue ,saljeuosiad Jueinap, aism sispuodsal %tz “asuodsal ‘89UBUILIOP ‘81 ‘WSI0YIASd slesA z< :uoneing
400d winiyy| Jood yim pajeroosse alam saijeuosiad Jueinaq winiyyl| Japun aauainday ‘WIS121304N8U 1BA0LIXS :S1Iel} All[euOSIayd |/joww €| 0} 90 :8A8] € €861 (o) ya|es-noqy
REN
,13pI0sIp 8ANJaYE Jo Al0)SIY Ajiwe4
‘Juawies} JUENTEENY
(eU 8njeA/) Bsuodsal WNIYM| YHM Pa)eIIoSSe 10U B1am Xas wniyy| Japun |eudsoy wniyy| 03 Joud JeaA/saposida jo saquinN sieak z< :uoneinq
400d pue Aloisiy Ajiwey ‘Auanbaiy aposida 1asuo ssau||l e aby ul juads awr Ul uonanpay ,1asuo ssau||l 1e aby BU |98 Op 1861 (29) 1918\ B SIpIUBIES
hijenb Apmg Apms paysijqnd ui papodai se sbuipuiq Aay asuodsal (sisAjeue-ejaw uopeinp juawjeas) u 1eaj loyiny

jJuauneai jo uoniuyag

ul papnjauL, ) s10}01paid [ealul})

% [9A3] Wiy

(penunuo) °| 8|qeL



Prediction of lithium response

(SN anjea-d) asuodsal wniyy| poob

ABojojewoidwAs |eaidAre jo uoneuasalyg

UMM P8JeII0SSe SeM U0ISSaIdap J8A0 eluew JUBUIWOPaId +0dg Jo adA]
(L0°0 > o) @suodsal Jood e yum paleldosse sem 9y Atejod jueuiwopald
(SN anjea %09
) 8suodsai yiim paleldosse Jou alam (dg Jo sadAy pue Juaweal] <4 sieah z< :uoneing
H0Od  ABojojewoidwAs eaidAre jo uonejuasaid Jasuo ssauj|l 1e aby wniyy| Bunp |1 swi 18sU0 ssaul|l 1e aby 80l €66l (0€) BWMQ
(10000 > d) 8lAs andBye
aAlleBau e pey sal|iLue) aSOYM aSO} 81aM Se (1000 = d)
sdnolB awoano Jaiood 8y} Ul paiussaldal-Iano aiam PEN
uoiowa passaldxa ybiy pamoys saljiwey) 8SOYM SJusIed a|A1s an10ay4e anebau Ajiwey passaldxy
(10000 > 4) BWodIN0 SSe|9 [e120S
J1a100d yum pajerdosse Ajpuearyiubis sem yoddns [e1o0s WwnIyH| Japun 8103s poddns |e1a0g (9'GF) sieah g :uoneing
YIv4 $S9| U SSE|J [B190S 1aMO| ‘suonesijendsoy juanbaly alo| 9[e9S JUBWISSASSY [BO|Y L WNIyH| 0} Jouid suonesijeydsoy Jo JaquinN |/joww 0'|-G'0:[eAsT  8¥Z  LGBL (9€) "[e 18 |]8UU0),Q
SSauanIssalbbe
‘AyjigesruoneyiBe ‘eioueled ‘Aysolpuelh
‘uonee :swoydwAs poow aiy198dg
swoydwAs anoyaAsd
Lwiniyy| 03 Joud suonesijendsoy jo Jaquiny
$10321paid papn|oul Buuonauny 1ess Apnis 1e aby eu :uoneing
Aq sispuodsal-uou pue sispuodsal Usamiaq 8aualaip ON JO JUBWSSaSSY [eqo|9 REGIN BU 98] €6 1661 (AANEREREIT]
(1000 > ) sdnoiB 97 pue
|IN@ 03 paseduwod Juauieas; wniyy| Buinigdal Jaye Aypiglow
[e301 JO uonanpal Jueallubis e pey sdnoib yy| pue |
(1000 > o) sdnoib 99 pue «00
[INQ 03 paledwod Juswiess} wniyy| Buiaigdal 1aye saposids LHHl eu :uoljeing
Y4 4o Jaqunu jo uonanpal Juedyiubis e pey sdnolb yy| pue (gl Aupigiow ur uonanpal abesany ,aouanbas N a/IaN l/joww 0'|-G0:eAsT 8Ll 636l (12) 18 fey
%09
«HHl eu :uoneing
400d (LE'0 =d) L'z 011l Sppo N SA 1N Jeak | < 10} $39UBLINAI ON A0uBNbas |ING/IaN BUoAST  OF 6861 (0£) e 18 eppae4
(eu anjea-d) siapuodsal poob jo
%0z 03 aledwod ‘ajew a1am siapuodsal wniyy| Jood Jo %e8
(eu anjeA-d) asuodsa. auidazeweqgsed poob ng asuodsal Juswieal) 4X8S pul|q 8|qnop :sya8am g :uoleing
Q009  wniyy| Jood Ym pajeIdosse sem UOISSILPE Je poou dioydng wniyy| Burinp aauaLngay juawiealy Joud poow auoydng |/joww 90 :[eA] G 8861 (69) |e 10 1BUZSN]
Siapuodsal wniyy| alem siuaned 99 %0
s1apuodsal wniyy| a1am syuaied Yy| %E +J9
sispuodsal wniyy| a1am siuaned NG %01 Jeah sad suonesijendsoy LHHl eu :uonein(
H00d siapuodsal wniyyl| a1am syusied |qiA %Sy J0 Jaguinu Jo uonanpay a0uanbas N a/IaN BU [oAST €6 1861 (89) "|e 10 Beey
Japuodsal wniyy| alem sjuaned 99 Jo %ee
sJapuodsal wniyyl| alam syusiied Yy 10 %G8 +J0
siapuodsal wniyyl| a1am sjusied [NQ JO %SG Aouanbayy LHHl sieak z< :uoneing
400d siapuodsal wniyy| a1am siuaned | 40 %6 aposida Jo uoianpay L8ausnbss NQ/IQN (ueaw) |/jow /0 :[8A87 0§ 1861 (£9) |18 J0I9
Ayjenb Apms Apms paysijqnd ur papiodai se sbuipuiy Aay asuodsal (sishjeue-ejaw uoneinp juauneas u 1ea) loyiny

jJuauieal) jo uoniuyaq

ul papn|auL,) s10}91pald edtul|)

'3 |2A3] winipr]

(penunuog) ‘| ajqeL



Hui et al.

(520°0 = d) dnoiB
|ROISSE|2-UOU BU} 10} 10U ING (G00°0 = 4) Suoliesijendsoy
Buinuanaid ui suidazeweqgled 0} Jouadns Ajybiy aq

3JE}S PaxiW INOYHM pue ‘AlpIGIOW0d
INOYHM ‘suoisnjap JuaniBuodul

SUIuoW Qg :uoneinq

0} panodd (G = ) wniyy| ‘(£9 = ) dnodb [eaISse|a By} Jo4 uonesijeydsoy 03 awi| -pOOW INOYHM :S8INJe8} [ealIsse|) |/loww (z1'0F) 19°0 :[eAeT 98 8661 (£4) 1B 18 |181D
(dg Jo Aoisiy Ajiwey e yum 9,89 pue uoissaidap Jejodiun Jo
Aoisiy Ajiwey e yum 98 ‘18pIosip aaijdsye Aue jo Aoisiy
Ajwey e ypum o,/ 0} paiedwod uswieal; wniyy| buunp
saposida ul uonanpal e pey sjuaied [eljiwe)-uou Jo %88
sjuaned |erjiwej-uou 0} paledwod
usym ‘(Z100°0 = d) adg UYm aAlie|al 8a1bap-puodss 1o
-1s11J PUB ‘(6L10°0 = o) JopI0sIp 8Adae AU Yim BAneal (144 Jo Aoisiy Ajiweq
80168p-pu0das 10 -3si1} Jo AI0ISIY Ajiwey e yum syuaed ul uoissaldap Jejodiun jo Aloisiy Ajiweq sieah 0'gl—0°0l :uoneing
punoy a1am juaiiess) wniyy| Buinp seaA 1ad saposida a0y JesA Jad saposida jo Aouanbaiq 18pJosip aAidaye Aue jo Aoisiy Ajiweq |/loww ¢°0< :|8A87 86 1661 (97) "|e 18 wonsbug
winiyy| 03 asuodsal aaisod
UMM PBJeIJ0SSe 81am (GO0 = 4) 8posida xapul dluew aposida xapul anIssaidaq
uey} aposida xapul aAIssaldap e palsajiuew pue ‘(500 > ) wniyyl| 03 Joud suoiiesijendsoy Jo saquiny
suonesi|eydsoy Jamay ‘(G0'0 > o) UoeInp ssauj|l wniyyald LUoIeINp ssau||l wniymjaid
HoYs ‘(100 > 4) a14ea Jo gz abe Aq Juawieal sl JUENTEET Juawyeal) 1su Jo aby sieak z :uoneing
HiIv4 e Buney ‘(600 > 4) Anua Apnis Jo s auy Je abe Jebunoj wniyy| Buunp Aypigiojy »Hels Apnis je aby [/loww Z'1-G0:8neT  Zv  [6B6L () "le ¥o Joaiuag
(SN 8njen) asuodsal wniyy| Jo sioyaipald Jou aiem gdg Jo
Aoisiy Ajiwey pue ‘axejul Buipaaaid sieak z ayy ur Avpigiow dg Jo Aoisiy Ajiweq
|B10} ‘8)ElUI 8108 SBPOSIda Jluew ‘Bxelul 810jaq Saposida el
BAI}98)JE JO Jaquunu ‘19e3u0d delyaAsd 1suiy 1e abe xag Buipadald sieak z ayy ul Aupiglow |eio|
(200 > 4) siepuodsal 8|qels 0} pasedwod ‘9elul 81048q SaposIda dluew Jo Jaquiny
uonelnp ssauj| wniyyjaid Jabuo| e pey siapuodsal-uou aje] 1983U00 JLjeIyaAsd 111 18 aby
(500 > o) siepuodsal 8|qeis 0} pasedw0d Jualuless} WNIY| Xag
Buiniadal 1e abe ueaw Jap|o Ue pey siapuodsal-uou 8}e uorjeINp ssauj|l wniyyjald
(L0°0 > o) Sispuodsal 8|qe)s 0} paledluod Juswiesiy Wwniyl 1eys Apnis
Joud suonesijeyndsoy snoinald aiow pey Siapuodsal-uou aie 1e 8By suonesijendsoy snoiaaid Jo saquinN
(50°0 > o) Siepuodsal a|qess 01 paleduod Juawess) JUENTEET JUENTEENY sieak g :uoneing
HIv4 wniyy| Joud Jo seposida aiow pey Siapuodsal-uou aie wniyy| Bulnp aauainaay WINIY}| 81048q saposida Jo Jaquiny (uelpaw) |/joww Z9Q :[eA8] €9 9661 ((ZANREREN
(eu anjeny) puodsal
10U PIp OYM 80U} 0} pasedwiod wniyyl| 03 papuodsas oym
sjuaiied Jo saniejal 8a1Bap-1siij Ul UOWILIOD BIoW SeM (149
(eu anjeAy/) asuodsal Juawieal} Wniyy| pUENTEETN ,19p1osIp aAnaaye Aue Jo A0isiy Ajieq sieah (0z—¢ :uoneing
Yiv4 pooB yym pajeraosse sem (14g 4o Aoisiy Ajiwey aniyisod wniyy| Bulnp aausinaay ,(dg Jo Aoisiy Ajiwe |/joww /°0< e8] 08E 66l [(FANERENUI)
(SN 8n[eA) asuodsal Wniyyl| YHM paje1aosse
10U 81aM $8posida xapul snIssaidap pue Jjuew ylog
(70'0 > o) @2ua1N2al Jaybly pue ssuodsal wniyyl
100d Y3im pale1aosse sem jusuiiess) wniyi| buiniaosl
abe 1ajealn ‘(00 > 4) @auaiIndal Jaybiy pue asuodsal Aytejod aposida xapu|
wiNIy}| Jood Yym paleldnsse Sem ssauj|l Jo uonelnp Jabuo uels Apnis 1e aby
(1000°0 > ) @2ualndal Jaybly pue asuodsal JuBWIeaI} WNIYY| ssau||l 40 uoneing BU :UoneInQ
HIv4 wniyy| Jood yim pajelaosse sem ssau||l o 18suo Jaijie3 Burinp Aouanbayy aposid3 19sU0 ssau||l 1e aby |/loww §0-G0:BAST  ELZ €661 (92) ‘e 18 IuLiadseq
Ayjenb Apmg Apms paysijqnd ui papodas se sbuipul4 Aay| asuodsal (sisAjeue-ejaw uoneinp yjuawjeasn u 1eaj\ loyiny

Juaueal) jo uoniuyaq

ul papnjauL,) s10}91paid [eatulf)

'8 [2A3] winipr]

(penunuo) °| 8|qeL



Prediction of lithium response

(SN 8njea) asuodsal wniyy| 4o si03aipaid
10U 818M WNIyy| 03 Joud uoresijendsoy Jo Jsquinu
‘winiyy| Joud saposida djuew Jo sisquinu ‘winiyyl| Joud
$oposIda Jo Jaquinu ‘Jusuwiealy wniyy| Joud uoeinp ssau|
(500 > o) stepuodsal Jood/|enJed

0} pasedwod poddns [e1aos Jaybiy pey siapuodsal poog
(500 > o) stepuodsal Jood/|enJed

0} paledwod 8109s SS8IIS [B10} 18MO| PRy siapuodsal poog
slapuodsal 100d/|enJed 03 paiedwod

+Aiejod Jueuiwopald
Laposida xapul jo Ajliejod

Lwiniyy) 03 Joud suonesijendsoy Jo Jaquiny
wniyyy Joud saposida aiuew Jo Jsquiny

Luswieal
wniyy| o3 Joud saposida Jo Jaquiny
,UoneInp ssauj|i wniyjald

8100s Joddns |e10g

8103S $Sa1S [B10]

SJUBAa 8J1| JO JaquinN

(500 > o) S1UBA8 B8)I| JO JaM8) pUe (GO > ) Juswieal) AKouanbaly JuBWIeal} Wiy sieak || :uoneinp
Yly4  wniyy| soud seposida anissaidap Jemaj pey sispuodsal poog aposida ul uonaNpay 0} Jouid saposida aAIssaidap Jo Jsquiny |/loww Z'|—'0:8A81 8Ll 666l (Sp) "|e 10 e1eyNYy
(10000°0 > ) 481e| Juswieas; wniyy| BuluuiBag ueyy Juawyeal syjuow gy :uoneinq
Yy 8woano Jsnsq payalpald sijies Juswiess wniy| Buiuuibag wniyy| Buinp 8ausLInday uoeINp SSau||l WniyM[aild |/loww 0-G0:eAeT 6Ll 666L (8£) e 18 1UIyaUEl4
wniyy| 03 Joud saposida jo Jsquiny
a4
185U0 1e 8By
snyes Juawhojdu
SNIeIS [epIep
SN asam si03ipaid J8LRQ (100 = d) (%1°LG) s1elans | 4dg uoneanpy
ueyl (%1°69) s18lans || a4g Buowe Jayealb Ajueaiyubis 13pI0SIP BAY3}E J0 Al0ISIY Ajiweq
Sem jusied aAIsuodsal-Juawiesly wniyyl| jo uoiodold ay| Xag
(10000 > o) Juswanoidwl [EAIUID YHM Juswiesl) ,(dg Jo adA| sleak Ggg :uoneinQ
Y4 palerosse Ajanebau AjBuoiis sem uoleinp ssauj|l winiyi|sigd winiyy) Bunnp |1 awi| ,UoIeInp ssau||l wniyi|algd eu:aAsl /L€ 866l (8€) " 18 opuoL
LSwoidwAs anoyoAsq
«(0dg Jo Aoisiy Ajiueq
«J4
(SN 8njeA) asuodsal WNIYM| YHM PaelIdosse Jou aousnbas |NQ/IAIN
a1am aposida xapul Ul sainiesy a0ydAsd pue qdg Jo Aloisiy Xag
Ajwey ‘ussned ||\Q ‘X8s 19e3U09 dL3eIyAsd 1su1y Jo abe ‘aby LHe1s Apnis e aby
asuodsal ,}asuo ssaul|l 1e aby
winiyy| J8naq pey (100000 > 4) uaned 9y e Inoyum Luauieal
sjuaned pue (10000 > o) Juswieal} wniyy| 810jaq saposida JuBwIea) Wniyy| wniyy| Joud saposida Jo Jsquiny sieah g :uoneing
Hiv4 18M3} '(1000°0 > o) Suonesiendsoy Jamay Yum suaned  Buinp saausinaal jo saquinN - Wniyy| 0} Joud suonesijeydsoy Jo Jaquiny |/loww (60°0F) ¥9°0 (19N /¥ 866l (VS REREREN
(eu anjeA) siapuodsa adg Jo Aoisiy Ajiuweq
-uou 0} paledwod gdg jo Aosiy Ajiwey jo uonejussaid pue BUETINEEN] uoeINp SS8U||I WNIyM[aId sieak z :uoneing
Yly4  ssau||l Jo uoneinp sabuoj ‘abe uesw iap|o ue pey siapuodsay wniyy| Bulnp 8auaLInaay uels Apnis e aby |/loww Qg'1—08'0 19\ 62 8661  (v¥) uuewsjabug g alesny
Kyjenb Apmg Apms paysijqnd uj papodai se sbuipuiq Aay| asuodsal (sishjeue-ejaw uoneinp yjuawjeas u Jeajp loyiny

Juauijeay) Jo uoniuyaq

ul papnjaut, ) si0}o1pald [edtulfy

R [9A3] wniyr]

(panunuo) °| 8|qeL



Hui et al.

§8103S

(1'0=4) Bunes eluew eiuaiydoziyag
saposida aAIssaidap YiMm uoieId0sse ou ‘(100 = 4) pue $18pI0SI(] 8AII8LY shep |z :uoneing
009 asuodsal 1a118q Yym pajeloosse saposida ajuew Jama4 10} 8|npayag Ul abueyn saposida Jo Jaquiny Ge 000Z (08) ‘e 18 UUBMG
(GLO'0 =d) LE'D = - Juswieal} wniyy| Jo uoieing
(£00°0 = d) ¥£'0— =/ :SSau||l o uoneing JUBLWIRAIY WNIYM| 40 uoneing
(2220 =d) GL°0 = 4 18sU0 e 8By S$sau||l Jo uoneinq
(2180 =d) €1°0— = :Mels Apnis e aby 18s5U0 ssau||l Je aby
(1000 > ) 67°0— =/ :uoeINP SSBUY|I WNIYY[Bld pUENTEETN uels Apnis 1e by syuow € :uoneing
Hiv4 :85u0dsal WINIYH| pUB Sa|geLIBA [BIIUIID UBBMIB] UONR[81I0) wniyy| Bulnp aausinaay uorjeInp ssauj|l wniyyald |/joww £ 0—'0:18A8T 19 000Z (£Z) e 18 MB1IBS
(¥00 =4
sjuaned (sieak g|>)18suo Ajiea Jo 9,¢ ¢ 01 paieduwiod Juawesl) Jeak |< :uoneing
Hiv4 winiyy| 03 papuodsal siuaned (sieak gy<) 18SUo 81e| 40 %pg wniyy| Bulnp agusinday 18sU0 ssau||l 1e aby B/U BN /B 000Z (1€) |2 18 Hoyinyag
(SN
an|en) s103a1paid Jou alem asn Bnip pue oyoaje ‘xas ‘aby
(0200 = o) @suodsal wniyy| Jood yim parelaosse
a1am Buijoha pue (8y0'0 = 4) eposida xapul uoissaidap aind
(€000 = 4) 8suodsal ,asn Bnup pue joyoa)y
winiy| J8}aq YHm palelaosse sem aposida xapul eluew aing RGN
(8100 =4) 1l Gdg 0} LHes Apnis 1e aby
paledwod asuodsas wniyy| Janaq Yum paieldosse sem | 449 ,aposida xapul Jo Ajliejod
(€200°0 = 4) 8suodsas wniyy| (44 Jo sadA] SYeam gz< :uoneinq
HIv4 131380 UM PaJeII0SSe SeM 13Suo Ssau||l 1e abe Isjealq 1glow [e10] ,1asuo ssau||i 1e aby |/joww z/:0:@\87 981 0002 (ze) |8 18 |]ohI0)
(70°0 > ) ®oueUBIUIEW WNIYH| BULINp $82UBLINDAI |8 WO} JUENTEET sieah (5'6F) £€1 :uoneinq
Hivd  pawoejoid Ajinj aq o Ajedi| ss3| 9%/ €L B1M QY UMM Sjusiled wniyy| Buunp aoualinaay «J4 I/loww (71°0F) 19°0 [}8A8T 098 000C (62) "[e 18 IuLessap|eg
18pJosip aAidaye Aue jo Aoisiy Ajiweq
(SN @njen) asuodsal wniyy| 40 sioaipaid 1ou 44 4o Aoisiy Ajiweq
8laM (1dg pue 1aplosip aAld8ye Jo AI0SIY Ajlwey pue ‘99 ‘9Y 29
asuodsal wniyy +OH
100d Ypm pajerdosse a1am (100000 > 4) uoissaldap Jano saposida a10ydAsd Jo oney
aoueulwopaid eluew pue (Z0poo'0 > o) woidwAs anoyaAsq (dg Jo adA|
asuodsal WnIY| 188G YHIM pajelaosse wniyy| Joud suonesiendsoy Jo Jaquiny
81aM (10000°0 > d) Saposida anoyaAsd jo ones moj Aulejod jueuiwopald
pue (eu anjeA4) || adg (£00°0 = o) Juswiealy wniyy| Joud w 0 Joud saposida Jo Jaquinp
suoresi|eydsoy Jamay (100000 > o) Juswiess) wniyy| Joud Kiianas aposidy
saposida Jo Jaquinu Jaybiy (L0000 > 4) Atuenas sposids Juswiealy wniyy| Bulinp swoydwAs anoyahsq sieak €< :uoneing
Yly4  @1elapouw pue pjiw ‘(000 > ) 18suo asessip e abe Jajealq Xapul Alpigiow A8y 18sU0 ssau||l 1e aby (80°0F)GL0:eNeT LYl 666 (€€) e 18 101ZBA
Ayjenb Apmg Apms paysijqnd ui papodai se sbuipu4 Aay| asuodsal (sisAjeue-ejaw uoneinp yjuaujean u 1ea) loyiny

jJuauijeas) Jo uoniuyag

ul papnjau, ) s10)31paid [eatul9

'3 [9A3] winipr]

(panunuog) ‘| sldeL

10



Prediction of lithium response

(700'D = d) Juaunea 0} joud ssauj|l Jo 8sIN0d
21posida Ue Y1m 8oy} Ul J811aq Sem wniy| 0} asuodsal (|4

(6000 =d)
JapJosip || Jejodig Ul J8}aq Sem wniyy| o0} asuodsal ||n4 85In0J $$8U||1 AIposida jualiealiald
(€00 =d) «(d8 Jo adA| syuow g< :uoneing
Yiv4 Siapuodsal-uou Uey 18su Jaijiea pey sispuodsal |Inj 8y 9|eas asuodsal Jusuesl} ep|y ,1sU0 ssau||l je aby eu:[aAs] 8/ 1002 (7) "[e 18 weyuley
(1000 = d) sJ8siliqels pooul
1330 0} Japaq papuodsal (0dg 21uoIyd yim syusiied |je pue
‘wniyy| 03 Janaq papuodsal qdg d1posida yum siuaned %06
(1000 = 4) Swuaued 85102 $$8U|1 AIposida Juawealiald Jeah | < :uoneinq
Hly4  enisuodsal wniyy| pey wniyll| 0} papuodsas oym sjusiied ||y 8]eds asuodsas juswiesl} eply Lasuodsal wniyy| Jo Aloisiy Ajiwe |/loww /°0<:ere] G 1002 (£8) "le 1@ Ayng
(6200 = 4) AS1d urm ajdoad yrim paledwod eu ‘uoneing
H00d a)eJ asuodsas wniyyl| paroidwi ue pey gS.d Inoyym ajdosd swoydwAs ui uoianpay Aupigiowod gS1d eu:@Ad] 8L £00Z (98) "|e 18 Jawaig
J1aplosip aAnaaye Aue jo Aoysiy Ajiweq
xJ4
LSwoidwAs anoyahsq
+(dg Jo sadA|
LHels Apms je aby
SN S81BLIEAOD I8 ||y “Bsuodsal 191pald (300 = 4) RUENTEENY ,1asuo ssau||l 1e aby sieah (9'GF) ¥ :uoneing
04 Pue (00 = 4) 1esuo ssaujji 1e abe ‘(100 > 4) XaS wniyy| Buunp souainaay £X8S /loww '1—€°0 88T ¥§ €002 (G8) "[e 18 exnzIysep
(50°0 = o) auiBLiowe| 01 papuodsal oym susiied Jo
S8AIB[8) UINS JO 9G'Z YIM paledwiod wniyyl| 0} papuodsal
siapuodsal wniyy| Jo saaneal asibap-1sily 0 %9°g|
(100°0 > o) @suodsal wniyi| poob adg Jo Aioisiy Ajiweq eu :uonein(
Yiv4 UMM Palelaosse Sem 8sIn0d ssau||l a1posida Juaueanslyd aposida poow Jo 8auaLINd8Yy 85102 $S3UJ|1 1posida Juswiealald eu:BA8] 9L €002 (78) e 18 BI0WSSEY
(500 >d) Il adg yum
sjusiied Ul auidazeweqied UeY) 8AIIBL8 8I0W SEM WNIYIT]
(10°0 > d) ‘aposida xapul duew(odAy) e yum Juswiesl) adg o adA| sleak g :uoneinq
1009 Sjusiied Ul auidazewequed UBY} 8A1308}}8 810W SEM WNIYHT wniyy| Bulinp 8auainday aposida xapul jo Aejod |/loww G/°0 ;18N8 b €002 (€8) "|e 18 BuoneH
ajeoud|en Jo winiyy| 03 ||am Ajjenba papuodsal suoejuasald 81005 BWOIPUAS uonejuasaid aisse|) eu :uojeinQ
|eaIsse|a pue swoydwAs 2130ydAsd ym S|enpIAIpU]  JlUB|A UO JuswaAoldWI 9%0G< SwodwAs 2110YdAsd eu sna] 82 2002 (z8) |e 18 uuems
(710°0 = ) dnoub |03u03 BYY JO %GE 0} paledwod WnIyy| Jeah | < :uoneing
Y4 0} papuodsal sjuaijed saisuodsal Wwniyll| Jo SeAle(al JO %/9  8|eas asuodsal Jualuieal) eply ,asuodsal wniyy| o A10isiy Ajiwed e/u:enal 19 2002 (61) |18 401D
(7000 = 4) uswom ui sabuoy asdejal 0} awi| BUENTEETY
| a1} 0} 198dsal Y)M $8Xas Usam1aq aausiapip oN winiyy| Bunp |1 swi| XaS  (Gg) se awes Aj@yjl| Ing pauodalloN  09€  L00Z (18) '|e 10 elanbip
(120°0 = ) @suodsau wniyy
181380 UY}IM PaIRII0SSe SBM UOIIRINP $SaU||! wniy|ald J8poys
(9000 = 4) asuodsa wniyy| Janaq
UHM pajelaosse sem Jeah Jad saposida jo Jaquinu saybiH
(2000 = 4) 8suodsal wniyyl| J81ag Yim pajeloosse L UoIeINp ssau||l wniy|alg
Sem aposida puodas pue 1sliy Usamiaq [BAIBIUI LoYS wnjyy| 03 Joud saposida jo JaquinN
(5000 = 4) asuodsas wniyy| BUENTEETY [eAIBIUL D1WAYING JO Yibua] sieah (GF) 9 :uoneing
Yiv4 181380 Y}IM PaJeIa0sSe Sem 1asuo aseasip 1e abie Jajealn winiyy| Bulnp | swi| ,18su0 ssau||l je aby |/joww (71°0F) 19°0:18A8T 095 1002 (ge) e 18 opuol
Ayjenb Apmg Apms paysijqnd uj papodai se sbuipuiq Aay| asuodsal (sishjeue-ejaw uoneinp yjuawjean u leap loyiny

jJuawjean jo uoniuyaq

ul papnjaul,) s10)a1paid [edui|)

1 |ana] Wi

(panuiuo)) °| 8jge|

"



Hui et al.

(G500 =d)

asn Brup “(z0'0 = 4) uoneinp ssauj| wniyijaid ‘(Z000°0 = 4)
suonesijeydsoy Jo Jaguinu pasealoul ‘(L0000 > d)

aposida xapul aAIssaidap ‘(L0000 > o) peAojdwa

0} pasedwod painal/pakojdwaun Buiaq ‘(z00'0 = 4) 8jews)

asn Bniqg

uorjeInp ssauj|l wniyyjald

wniyy| 03 Joud suoiiesijendsoy Jo saquinN
aposida xapul jo Alejod

snie)s Juswhojdwy

1eIs wniyy| 1e aby

sleah (| —G0 :uoneinq

Buiaq yim pajeldosse asuodsal-uou Jo salel pasesalau| aln|le} Juawieal) o} awi| Xas 29/8 1102 (€7) e 18 Buissay
JUENTEENY
(26°0-6°0 1D %S6 '£9'0 HH) Aoasiy Ajiue) yum wniyy 03 Joud seposida Jo Jaquiny
sjuaied ut paanpal pue (L 'e—L1'L 19 %S6 '98'L HH) OH Pue ssaul|l aLe1yaAsd Jo Aloisiy Ajiuiey
(LL1=L1L 1D %SG6 ‘0F"L YH) saunieay dnoyaAsd JuaniBuoaul o
-poow ‘(681611 19 %S6 ‘Si'| YH) swoidwAs |enpisal swoydwAs anoyaAsd JuaniBuoaul-pooy sieah (0'/F) g0l :uoneing
aposidalaiul Yim syuaied Ul pasesiaul Sajel 83uslinisy WINIY}| Japun 83usLinisy swoldwAs |enpisal aposidaisiu| eu:[aAe]  9EE 0102 (68) "|e 18 Biuusayq
(10°0 = o) Sispuodsal-uou > [ered > siapuodsal BU :uoneinq
819|dwoa :xapul ssew Apoq ueaj\  8|eas asuodsal Juswieal) eply LXapul ssew Apog 6SL  600Z (8%) "|p 18 UN|E)
(2°0 = d) 8'0 Yy ‘wniLp1| 8lojaq uoissaidap Jo uaping ybiH
(66'0 = o) 0"LHY :wniyy| 810jeq eiuew o uaping ybiH
(5200 = d) € 4y :wniyy| a1038q Buijoha pides jo spouad o
(G20'0 = d) G'€ HY ‘wniyy| 81048q S8POSIda paxiul ON
(600 = d) €€ HY Aupigiowod oN
(200 =d)veud AupigJouio)
107 81 SSaU||I 0 18SUQ ‘(BU aN[eA-) WNIYY| 0} 8suodsal aposida xapul paxi||
poob e pajaipald Jaje 1o abe Jo siesh gz 1e ssauj|l Jo 18suo JuaWwIeal} wniy| Buinp 94 sieah (g'GF) /6 :uoneinq
400d 1o Aupigiowoa ‘BurjaAa pides ‘saposida paxiw jo aaussqe ay| saposida poou Jo Jaquiny 19sU0 ssau||l 1e aby |/loww g0—G0:eAeT 00l 6002 (87) "[e 18 punpyoeg
(SN @njen) xas
(GO0 > ) "Ssapuodsal-uou | 0dg %1 'G9 pue ‘sispuodsal
alam syuaned | 0dg %6 € “Siepuodsal-uou || dg
0 9,78 03 paledwod ‘siapuodsal alam susiied || 0dg %81 0dg Jo adA|
(100 > o) 8suodsal ,1asuo ssau||l 1e aby leah | < :uoneing
400d  WNIYM| 1818 YHM paleldosse S| 1asuo aseasip je abe Iajealn winiyy1| Japun aauainday RGN |/loww Z'|—7'0:18AeT 191 8002 (7€) |2 18 Inse|y
(2410 = 4) @suodsal |IN d1uew ‘||\| aIssaidap sieah (7°9F) 0| :uoneing
HIv4 WINIYM| YHM Paleldosse jou aiem (dg Jo swoidwAs [eaidAry |IN) Xapul Auipiglow [e30] swoydwAs [eaidAry |/loww g o<:ieAs]  Zvz 8002 (88) "|e 18 J8joybiag
1UBWIRAIY WNIYM 40 uoneing
Luaunean
(eU $8N|BA/) BSUOASBI WINIYH| YIIM PaIRII0SSe 0 Jouid saposida Jo Jaquiny
10U B1aM JUBLIIEBI} WNIYH| 81048q SposIda aAjda)e LUoIeINp ssau||l wniymaid
1O J8qWINU pue JUaWIeal} WNIYM| JO UolleInp ‘uoneinp saposida LMels Apnis e aby sieak G< :uoneinq
400d SSau||l wniyijaid ‘Leis Apnis 1e abe ‘1asuo ssauj|l e aby J0 Jaquinu ur uonanpay L}asuo ssauj|l 1e aby e/u:lenal  LLL  /00Z (6€) "|e 18 Ksmoxeqhy
Kyjenb Apmg Apms paysijqnd ui papodas se sbuipul4 Aay| asuodsal (sisAjeue-ejaw uoneinp yjuauwjean u 1eaj\ loyiny

jJuauneal) jo uoniuyaq ul papnjau, ) s10)31paid [eatul9

'8 [2A3] winipr]

(penunuod) ° |qeL

12



Prediction of lithium response

(10000 > o) esuodsas wniyy| saiood syluow 9< :uoneing

U1IM palelaosse sniijjal selagelp z adAl 1o saueisisel Unsu]  8|eas asuodsal Jusiiieall eply wsl|ogelaw 8s0an|g BU |9A8T (08 610z (Lp) e 18 unyjen
(10000 >d) wniyy sieak g1—g'p:uoneinq

sa]el 9suodsal-uou paanpal pey winiy| Jo sisuels Ajleg aIn|iey 1UaWILaL] 0} BWI| JO UOIIBINUI 8)B] SA (1983U09 1S11f) Aje] eu:eAsl  vI/y t10Z (7Z) "|e 18 Buissay

«(d8 Jo Aioisiy Ajiueq
LSwoidwAs anoyohsq
Luawieal
wniyy| 03 Joud saposida jo Jaquiny
,18suo ssau|i 1e aby

LHe1s Apnis je aby sieak z< uoneing
si091pa.d [eiualod Aq asuodsal Ul 83uaiayIp oN winjy| Japun aausinoay REN |/loww gg<:BAs  ZZL €102 (€6) e 18 Jooley |
(SN 8njeAy ‘0Z0°0 = /) Juawesadway
|qe3LLI pue asuodsal WNIY}| UsBMIB] punoy UONe[81109 ON
$3102S Sjuaweladwal (7600 = 4 '€2°0 = /) anssaidap
Pue ‘(2600 =4 '92°0 = /) AIWAOA (200 = d
'[7°0 =) Aaixue um Ajganefisu pue ‘(6000 = o
'1€°0 = ) 8109s Juswesadwa) JwAyuadAy yum Ajgaiisod 3|3l ‘aAIssaldap IWAYI0[IAI siesh (8F) G| :uoneing
Yiv4 paje[a.1102 8|eas Bp|y U0 paseq wniyyl| 0} asuodsal ay|  8|eas asuodsal Jusiuiesl) eply ‘haixue ‘aiwAypadAy :syen Aljeuosiagd |/loww g'0-G'0:eAeT L/ €10z (26) "2 18 D{smoyeghAy
uels Apnis e aby
+(d8 Jo adAL
abie 1o xas Aq aaualayip oN LJ4 eu :uoljeinQ
(GO0 > ¢) Siapuodsas WNIYH| Ul UOWWO SS8| || 0dg PUB Y  8|eds asuodsal Jusuiesl} ep|y REIN |/loww 0-G0:eAeT  0EL  €10Z (16) *|e 10 UOSSUILEY

LXapul ssew Apog
Lwniyy| 03 Joud suonesijeydsoy Jo Jaquiny
1eah 1ad saposida [ejo]

suonesijendsoy Jo Jsqunu Jo 1els Apnis je abe ‘esuo ,Jasuo ssau|i 1e aby
18 8B 'xas Aq 82ualagip ON ‘(80°0— 0} €21 — |9 %S6 LMels Apnis e aby eu :uoneinq
‘G9'0— (INS) Xapul ssew Apoq Jamoj pey siapuodsal wniyi] — 8|eds asuodsal Juawieal eply REN |/joww (Z1'0F) 08°0 ;1281 09 Z10Z (Y RERERASTIL)
NE

wniyy| o3 Joud saposida jo JaquinN
Xapul ssew Apog
18su0 ssauj|l e aby

81035 |E10}
a|eag Buney uoissaida(y uoy|IweH way |z
asde|al 121paid Jou pIp S81eLIeAD 1BYI(Q) “S|ENPIAIPUI 81028
pajeain-auidezue|o pue -wniyy| ui asdejas pajoipaid way 8[eag Buney eiuepy Bunos wayl ||
94 "S[enplAIpul paieali-aleod|ea 1o -auldezue|o “sA wniyy| aposida xapul Jo Allejog S¥9IM Z/—2G :uonein(
ur asdejas payaipaid Ajanbiun xapur ssew Apoq pue abe 18suQ aIn|ie} JUBWIEAL} 0} BWl| PEN Jloww Z'1-9°0:8Me1  0€Z  Z10Z (6) 1€ 18 1pIeyuabag
Kyjenb Apmg Apms paysijqnd uj papodai se sbuipuiq Aay| asuodsal (sishjeue-ejaw uoneinp yjuawjeas u leap loyny
juawjeay Jo uonluysq ul papnjoul,) si0331paid |edlulf) '3 |33 wiNIpI]

(penunuog) | 8|qeL

13



Hui et al.

asuodsal 1M pajelaosse
10U BI9M (869°0 = 4) S8Jneay anoyahsd pue (80,0 = 4)

U0I11BINPA JO SIEBA
LJuauieal)

wniyy| o3 Joud saposida Jo Jaquiny

LSwoydwAs anoyaAsyq

0dg Jo Aoxsiy Ajiwe

(dg Jo howsiy Ajiwey (/€80 = o) 19suo Je abe ‘(9/8°0 = d) «Hels Apnis 1e aby
U011BINPA ‘(€660 = o) MeIS Apnis 1e abe ‘(g/£0 = 4) X8s ,1asuo ssau||1 1e aby BU :UOneInQ
(Z10°0 = d) wniyy| 03 Joud saposida Jamay pey siapuodsay  8|edas asuodsal Juswiesl} eply X8S BU |38 9B 1102 (v6) "|e 18 01ES
(aureuuonsanb
ewnel} pooyp|iyd) asnge [ealshygd
avo
eiqoyd |e100g
13pI0SIp Jlueqd
asn sigeuue)
asn |0yod|y
"GN 8lam jdwane apioing
S3|qeLeA JAUI0 |[B (ZE0'0 = 4) 8SN |0Y0J|e UM paleldosse saposida paxij\
Ajjeuonippe sem asuodsai Jood ‘siSAjeue sjgelieAlun uj 4
(500°0) @snqe |eaIsAyd pue (£10°0 = 4) Saposida paxiw aposida xapul Jo Ajlejod BU :UoneIng
UMM palelaosse sem asuodsal Jood ‘SISAjeue 8|qeLeAnwW U] 8|eds asuodsal Jusulleal) eply 44 Jo adA| BU:lBAST  8YlL  LL0Z (05) |18 U]
sisoyoAsd jo Aoisiy Ajiwe,
asn 022eq0} 40 Al0ISIH
swoydwAs
2130y3Asd y3im saposide poow Jo Jaquiny
0} pajeal 10U a1am sIsoyaAsd swodwAs 110yaAsd
Jo Aoysiy Ajwey ‘swoydwAs anoyaAsd jo souasaid dwene 1dwane apiains jo AlolsIH
ap1aIns Jo Aioisiy saposida sAIssaidap Jo Jaquinu ‘saposida $8posida aAIssaldap Jo Jaquiny
Jluew 1siy Je abe ‘saposida diuew Jo Jaquinu ‘18plosip saposida ajuew 3su1y 1e aby
a3l Jo uonenp ‘18suo 1e abe 'diysiejoyas Jo sieak xag saposida aluew Jo Jsquiny
(87000 = 4) @suodsas wniyyl 13pJ0sIp 8y} Jo uoneing
J00d U)Im paie1oosse Sem asn 039eqo) JuaLind 1o AloisIH 195U0 1e 8fy
(9000 = o) @suodsal wniyy| 100d Yim pajeioosse diysJe|oyds Jo sieap Syuow g< :uoneing
Yiyd  sem swoidwAs anoydAsd ypm saposida poow Jo Jaquinu bl 8|eas asuodsal Juswiess) ep|y Xas o7 910z (62) |e 18 BAJIS
,8posida xapul Jo Ajliejod
Alejod poow jueuiwopaly
saposida paxi|\|
»Jd
(SN @njea-d) asuodsal wniys| Jo sioja1pald LSwoydwAs anoyohsq
j0u 81em sposida poow 1s1y Jo Ayiejod pue ‘uoissaidap Jano +0dg Jo adA]
eluew Jo aoueuiwopald ‘saposida paxiw {0y ‘swoydwAg +0dg Jo Aoxsiy Ajiwe
2110ydAsd ‘qdg Jo adAy ‘Aioisiy Ajiwey ‘Ajaluyle xag ,18pIosip aAnoaye Aue jo Aoisiy Ajiuweq
(120°0 = ) @suodsal wniyy| poob e JuBWIeal} WNIYM| Aol sieak ¢ :uoneing
Hivd UMM PBJeI0SSE SeM BlUBW 130 UOISSaIdap JO 83uBUIWOpald Buunp |1 swi} Jo uorpodold REGIS |/joww /70250 :[8r81 [ 910z (€¥) |2 18 UBYS IBAN
Ayjenb Apmg Apms paysijqnd ui papodai se sbuipuiy Aay asuodsal (sisAjeue-ejaw uoneinp juaujean u 1ea) loyiny

jJuauneay} jo uonuyaq

ul papnjau,) s10)a1paid |eatui|9

'3 [2A3] winipr]

(penunuo) °| 8|qeL



Prediction of lithium response

15

'sishjeue-e1aw ul papnjoul eye(, onel ysu ‘yy ‘Buioko pides ‘gy tspiosip ssans anewnemsod ‘qS1d (G0°0 = d
18) ueauBIS-uou ‘SN ‘8|qe|ieAR 10U ‘Bu ‘8usnbas [eAIBIUI-UOISSBIdap-_IUBW ‘|| ‘@ausnbas JeinBalil ‘Hy| ‘ones piezey ‘Y ‘8ousnbas |enssiul-eluBW-UOISSBIdap ‘|INQ [eAlBIul 8ouBplu0d ‘1) ‘Buijoka snonunuod ‘97 ‘apiosip Jejodiq ‘0dg

+0d8 Jo Aioisiy Ajiueq
,asn Bnip pue joyoo)y
Japiosip Aaixuy
apiains paydwsny
xJ4

saposida paxip\
LSwoydwAs anoyohsq

(SN 8njeny) sio1a1paid asuodsal WNIyyl| 10U B1aM || ulayed |euoseas
pue | qdg Aoisiy Ajiwey ‘s18plosip 8sn a3UeISgnS ‘S1aplosip oposida xapul Jo Aliejod
Aaixue ‘apioins paydwane 9y ‘swoydwAs anoyaAsd ,adg Jo adA|
‘uisnied |euosess ‘1asuo 1e Aulejod aluew ! qdg wniy| LU0IeINp $Sau||l wniyald
810J3q SSAU||I 40 UoneINp “1asuo 1e abe ‘abe Jusind xag ,1asuo ssau||l je aby
asuodsal wniyyl| J0od Yyum paleiaosse aism (G100 = o) LHe1s Apnis e aby Ssyjuow gg :uoneing
Yiv4 13pI0SIp 8sn |0Y0d|e pue (/100 = 4) 8posida paxiyy  8|edas asuodsal Juauiesl} ep|y REN eU:BA8T 00 /10Z (9%) e 18 Byanlodg

winiyy| 03 Joud sIasi|igels poow 4o Jaguiny
SwoldwAs 2110ydAsd

Japiosip Aaixuy

asn Bnip pue |oyod|y

saposida paxi|\|

a4

uoneINp SSaU||I WniyM[aid

ssau||l o uoneing

185U0 ssaul|l je aby

(€€0°0 = d) asn Bnup pue | 0dg Jo Aioisiy Ajiurey
[04odje pue (920°0 = d) | 0dg Jo Aosiy Ajiey “(8z0°0 = ) aposida xapul Jo Ajlejod
uonelnp ssauj|l wniyyaid ‘(G100 = 4) 39SU0 Ssau| Q44 Jo adAp eu :uolein(
1e abe Aq pajaipaid 1s9q asuodsal ||n} ‘|apow B|qeLeAlNW U] 8]eds asuodsal Jualiesly eply PEN eu:|sna]  00€ /102 (€5) "|e 18 n03g
Ayjenb Apmg Apms paysiqnd ui papodas se sbuipuiq Aay| asuodsal (sishjeue-ejow uoneinp juawjean u 1eajp loyiny
juawjeay jo uonluysq ul papn|aul, ) s10331pald |eaul|) '3 |33 winip]

(panunuo) °| 8|qeL



Hui et al.

Predictor SMD (95%Cl), P-value
Pre-lithiumillness duration _._ -0.26(-0.41, -0.12),P <0.001
Body mass index R — -0.61(-0.90, -0.32),P < 0.0012
Age at iliness onset - 0.17(0.00, 0.36), P = 0.029"
Number of episodes prior to lithium treatment B -0.42(-0.84,-0.01), p = 0.046"
Number of hospitalisations prior to lithium e -0.40(-0.81, 0.01), P = 0.055"
Age at study start —— 0.02(-0.17,0.21),p = 0.851%
Fig. 2. Relationship between clinical
variables and lithium treatment
. . . . . " response — standardised mean
-5 -1.0  -05 0.0 05 Lo 15 difference of continuous variables.
Standardised mean difference “only two studies; P2 > 50%.
Number of episodes prior lithium treatment Type of bipolar disorder

The impact of mean number of episodes prior to
lithium treatment on treatment response was
assessed in seven studies with a total sample of 8§24
(Table 1). Meta-analysis suggested that increased
number of mood episodes prior to commencing
lithium was weakly associated with reduced chance
of good response (SMD = —0.42; 95% CI: —0.84
to —0.01; P =0.046; Fig. 2, Figure S3). Hetero-
geneity was high (I = 85.9%; P < 0.001).

Number of hospitalisations prior to lithium treatment

A combined sample of 673 patients from four stud-
ies contributed data on number of previous hospi-
talisations. Although two studies suggested fewer
hospitalisations were associated with good response
(36, 37), overall there was no evidence of a clear
association between number of hospitalisations and
lithium response SMD = —0.40; 95% CI: —0.81 to
0.01; P = 0.055; Fig. 2, Figure S3). In the Danish
population (23), increasing number of hospitalisa-
tions between diagnosis and starting lithium were
associated with increased rates on non-response
(HR 1.03,95% CI 1.02 to 1.05, P = 0.0002).

g ]

Predictor
Mania-depression-interval sequence
Rapid cycling

Psychotic symptoms

The association between BPD subtype and good
lithium response was quantified in 11 studies with
a total of 1556 patients. There was evidence of con-
siderable heterogeneity (> = 70.7%:; P < 0.001)
across studies, and the result indicated insufficient
evidence to support BPD 1 as a clinical predictor
of lithium response when comparing to patients
with BPD II (OR: 1.01; 95% CI: 0.58 to 1.76;
P =0.971; Fig. 3, Figure S4).

At an individual level, two of the included stud-
ies suggested BPD I may be associated with a pref-
erential lithium response (32, 34) and three
suggested BPD II may be associated with a prefer-
ential lithium response (4, 33, 38).

Episode sequence

A total of six studies, including 340 patients, com-
pared MDI and DMI sequence. MDI patients
were more likely to be lithium responders than
DMI patients (OR 4.27; 95% CI 2.61 to 6.97;
P <0.001; Fig. 3, Figure S5). Heterogeneity was
low (7> = 0.0%; P = 0.680).

OR (95%Cl), p-value

———————————————> 4.27(261,6.97), P <0.001

0.30(0.17,0.53), P < 0.001
0.52(0.34,0.79), P = 0.002

Fig. 3. Relationship between clinical

variables and lithium treatment
response — odds ratios of binary

Family history of bipolar disorder —— 1.61(1.03,2.52), P = 0.036
Family history of lithium response 10.28 (0.66, 161.26), P = 0.097°
Alcohol and drug use ——t 0.55 (0.23,1.34), P = 0.189°
Continuous cycling |+ 0.65 (0.34, 1.26), P = 0.204
Male 0.89(0.68, 1.15), P = 0.433
Family history of any affective disorder 1.13(0.75, 1.69), P = 0.560
Irregular sequence 1.13(0.70, 1.83), P = 0.628
Manic index episode 1.12(0.56, 2.21), P = 0.753
Bipolar | disorder 1.01(0.58, 1.76), P = 0.971°
Predominant (hypo)mania 1.07 (0.07, 15.74), P = 0.959°
T T T T
05 1.0 2.0 3.0 5.0
0Odds ratio
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Continuous cycling

The impact of continuous cycling on lithium treat-
ment response was quantified in seven studies with
a total of 804 patients. Meta-analysis suggested no
association between continuous cycling and
response (OR: 0.65; 95% CI: 0.34 to 1.26;
P = 0.204; Fig. 3, Figure S6).

Irregular sequence

When the data from four studies of irregular
sequence were pooled together, heterogeneity was
low (P = 0.0%; P = 0.496), and there was no asso-
ciation with lithium response (OR: 1.13; 95% CI:
0.70 to 1.83; P = 0.628, Fig. 3, Figure S6).

Rapid cycling

The impact of the presence of RC on lithium
treatment response was quantified in nine studies
with a total of 1442 patients. Moderate hetero-
geneity was identified (I* = 37.5.6%; P = 0.119).
The meta-analysis result indicated evidence that
patients displaying RC have reduced odds of
lithium response compared to those without RC
(OR: 0.30; 95% CI: 0.17 to 0.53; P <0.001;
Fig. 3, Figure S6).

Polarity of index episode

There was no evidence of an association between
lithium response and manic index episode (OR:
1.12; 95% CI: 0.56 to 2.21; P = 0.753; Fig. 3, Fig-
ure S7). From six studies, one suggested a manic
index episode was a good predictor of response
(32) and one suggested a depressive index episode
was a good predictor (33). Others were inconclu-
sive, and heterogeneity was high (> = 73.7%;
P =0.002). Kessing et al. found reduced rates of
non-response in individuals with a manic index
episode (HR 0.84, 95% CI 0.77 to 0.91) and ele-
vated rates in those with a depressive index episode
(HR 1.13,95% CI 1.03 to 1.25) compared to those
whose index episode was ‘remission, other or
unspecified’. However, it is unclear who is included
in this reference category and there is potential
misclassification because of the routine register-
based nature of the data source.

Predominant mood polarity

Predominant mania or depression was documented
in three studies with a total sample of 280 patients.
Overall, there was no evidence for an association
between lithium response and mania over

Prediction of lithium response

depression dominance (OR: 1.07; 95% CI: 0.07 to
15.74; P = 0.959; Fig. 3, Figure S8).

Included studies were contradictory; one study
found a strong association between predominant
mania and lithium non-response (OR: 0.10; 95%
CI: 0.04 to 0.25) (33), another found a strong asso-
ciation between predominant mania and lithium
response (OR: 4.79; 95% CI 1.54 to 14.91) (30).

Family history

Eight studies, including 714 individuals, con-
tributed to meta-analysis of the association
between family history of any affective disorder
and lithium response. There was no evidence of an
association (OR: 1.13; 95% CI: 0.75 to 1.69;
P =0.560; Fig. 3, Figure S9). Individuals with a
family history of bipolar disorder were more likely
to have a good response to lithium (10 studies,
1454 patients; OR: 1.61; 95% CI: 1.03 to 2.52;
P =0.036; P =43.5%: heterogeneity P = 0.068;
Fig. 3, Figure S9). One study, which could not be
combined in meta-analysis, runs contrary to this,
finding 88% of individuals without a family history
have a reduction in episode frequency during
lithium treatment, while only 68% of those with a
family history of BPD. Only two studies (79
patients) could be included in meta-analysis of fam-
ily history of lithium response. Both studies had
point estimates suggesting good lithium response in
family members may be associated with good
response in the index patient, however, confidence
intervals overlapped no effect (OR: 10.28; 95% CI:
0.66 to 161.26; P = 0.097, Fig. 3, Figure S9).

Alcohol and drug use

The association between alcohol and drug use and
lithium response was investigated in three studies
with a total sample of 540 patients. The results
showed a medium heterogeneity (I* = 54.5%;
P =10.111) and demonstrated no evidence to sug-
gest alcohol and drug use as a potential predictor
of lithium response (OR: 0.55; 95% CI: 0.23 to
1.34; P = 0.189; Fig. 3, Figure S10).

Psychotic symptoms

A total sample of 1066 patients from eight studies
were included in assessing psychotic symptoms.
Medium heterogeneity was observed (I = 42.8%;
P =0.093), and the result suggested a strong asso-
ciation between psychotic symptoms and poor
response (OR: 0.52; 95% CI. 0.34 to 0.79;
P = 0.002; Fig. 3, Figure S11).
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Sex

The role of sex as a potential lithium response pre-
dictor was investigated 1,729 patients from 17 stud-
ies. Sex was not associated with lithium treatment
response (being male OR: 0.89; 95% CI: 0.68 to
1.15; P =0.356; I*>=227%:; heterogeneity
P =0.191; Fig. 3, Figure S12). However, the only
population-based study identified suggested an
association between being female and non-response
(HR 1.12,95% CI 1.04 to 1.21, P = 0.002) (23).

Body mass index

BMI was investigated as a predictor in only two
studies including 336 patients. In both studies,
lower BMI was associated with better lithium
response (pooled SMD: —0.61; 95% CI: —0.90 to
—0.32; P <0.001; I»=0.0%; heterogeneity
P =0.111 Fig. 2, Figure S13).

Further potential predictors

A study by Rybakowski et al. investigated the rela-
tionship between temperament and lithium
response (39). Data from 71 patients suggested that
lithium response was correlated positively with
hyperthymic score (r = 0.31; P = 0.009), and nega-
tively with anxiety and cyclothymic temperament
scores (r=—0.27, P=0.022 and r= —0.26;
P =0.032 respectively). We identified one other
study which examined personality traits and treat-
ment response (40). This study reported that
responders had higher dominance scores (P-
value < 0.05), lower neuroticism scores (P-
value < 0.01) and were less likely to have ‘deviant
personalities” (P-value < 0.05). Social support was
examined in two studies with overlapping study
populations (36, 41) and a third study which pre-
sented results in a way that did not permit meta-
analysis. Lower social support was associated with
poor response in each case. Other sociodemo-
graphic characteristics were reported in a small
number of studies. Social class was associated with
response in one identified study, but not in another
(36, 42). Education, marital status, (38) and ethnic-
ity (43) were not associated with lithium response.
Employment status was associated with response in
one large nationwide population study (23), but
not in a smaller observational study (38). Insulin
resistance was found to be associated with poor
response to lithium in one study, in keeping with
the studies showing an association with BMI (47—
49). While we did not consider childhood trauma
as a ‘clinical’ predictor of treatment response, one
included study examined this among other features
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(50). This study suggested physical abuse was an
independent predictor of poor lithium response
after accounting for many clinical characteristics.
However, the only other study we could identify
examining childhood trauma found no association
between lithium response and any type of trauma

(51).

Risk of bias within studies

Overall, the mean Downs and Black quality assess-
ment score was 16.3, which is considered fair qual-
ity. We identified eight good quality studies, 45 fair
quality studies and 18 poor quality studies (Tables
S1 and S2). Most of the studies failed to report or
account for appropriate confounders in regression
analyses.

Risk of bias across studies

In line with the Sterne et al. (52), funnel plot asym-
metry was assessed when 10 or more studies were
included in the meta-analysis. Funnel plots were
produced for age at illness onset (Figure S14), sex
(Figure S15), family history of BPD (Figure S16),
age at study start (Figure S17) and type of BPD
(Figure S18). The studies of BPD subtype, sex and
family history produced asymmetrical funnel plots.
A possible source of this asymmetry is true hetero-
geneity between studies; potentially because of dif-
ferences in lithium dosage, treatment duration or
diagnostic definition, small sample sizes and the
low number of studies included.

Discussion

We identified a total of 71 studies, including over
12 000 patients which explore clinical predictors of
lithium treatment response in patients with BPD.
From these, six predictors of good response were
identified. Our results suggest that predictors of
good response are (i) MDI sequence, (ii) absence
of RC, (iii) absence of psychotic symptoms, (iv)
shorter prelithium illness duration, (v) family his-
tory of bipolar disorder and (vi) later illness onset.
Additional features which may be related to
response are body mass index, number of episodes
before lithium treatment, number of hospitalisa-
tions before lithium and family history of lithium
response.

Our findings generally correspond with previous
review articles (8-11). As far as we are aware,
Kleindienst et al. conducted the only previous
meta-analysis of multiple clinical response predic-
tors and our results were broadly similar (8).



However, we did not find a strong association with
number of previous hospitalisations or CC, and
they found no association with prelithium illness
duration, psychotic symptoms or RC. This may be
because of differing approaches to study inclusion
and analysis, and in some cases because contradic-
tory results have been found in individual studies
published since 2005. Additionally, prelithium ill-
ness duration, number of episodes prior to lithium
treatment and number of hosptialisations prior to
lithium are likely to all be measuring a similar
underlying concept.

Clinically, these predictors are likely to be of
varying importance. Some may essentially reflect
establishing a more benign illness course because
of early intervention and may not be specific to
lithium. This may be the case for shorter pre-
lithium illness duration, and fewer episodes prior
to lithium treatment, which are clearly related to
illness severity. Others may be more central to
guiding the choice to use lithium. DMI sequence,
rapid cycling and psychotic symptoms are all asso-
ciated with poor lithium response, so their pres-
ence may suggest an alternative treatment might
be more appropriate for the patient. However,
there is limited evidence to suggest any other drug
therapy would lead to better than responses than
with lithium. Family history of bipolar disorder
and potentially family history of lithium response
(likely under powered in our analysis) are impor-
tant as they may reflect a more heritable subtype
of BPD.

Limitations

The reliability of the potential predictors identi-
fied remains unclear. For most of the meta-anal-
yses  conducted, estimates  were  highly
heterogeneous, often including studies suggesting
both a positive and negative effect of the predic-
tor. Most studies were rated as fair or poor in
terms of quality. Often insufficient statistical
information was reported in the primary study
to conduct meta-analysis; most studies failed to
report adequate summary statistics such as stan-
dard deviation or number of responders and
non-responders. Sample sizes were often small
and studies consisted of highly selective groups
of patients. Also, the definition of lithium
response in many of the studies did not rely on
a standardised tool, which can greatly influence
the process of identifying lithium responders and
lithium non-responders. As shown in Table 1,
most of the studies relied on recurrence of an
affective episode wunder lithium treatment to
define lithium non-responders. However, this
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definition of lithium response fails to consider
changes in episode frequency or symptom sever-
ity, and so may miscategorise responders and
non-responders. Scott and colleagues note that
using continuous scores for lithium response as
opposed to categories of response leads to differ-
ent predictors being identified (53). Additionally,
none of the studies reported lithium plasma level
or adherence to treatment by response status.
Information on these factors would strengthen
the argument that these are true predictors of
lithium response as it would then be possible to
rule out differences in the way treatment is used
as a cause of the observed associations.

Very few of the studies explored the possibility of
interdependence or interaction between predictors.
For example, interdependence might exist between
prelithium illness duration and illness severity (54).
A greater illness severity is related to receiving early
treatment and subsequently decreasing illness mor-
bidity. Accordingly, a short prelithium illness dura-
tion might appear to be related to good lithium
response (54). Only some of the more recent studies
included multiple covariates in the same model (for
example; (23, 50, 53)) an approach which is neces-
sary to determine whether covariates are truly inde-
pendent predictors.

Because of the low reliability of the results
and the inability to eliminate biases, any clinical
conclusions relating to any single predictor
should be made cautiously. Because of the limi-
tations of the data, particularly the limited num-
ber of RCTs, it is difficult to separate predictors
of lithium response from predictors of a benign
illness course.

In conclude although we identified six potential
clinical predictors of lithium response, there are a
number of issues relating to their reliability and
validity which cannot be addressed by reviewing
the existing literature. As with response classifica-
tion by genetic or biological markers, clinical
response prediction is likely to be complex and
multivariable. Studies need to explore multiple pre-
dictors, and their interactions, with operationalised
end points for lithium response.
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