
Data from pharmacogenetic studies of lithium are compa-
ratively sparse, and these studies have generally emplo-
yed small sample sizes and varying defi nitions of respon-
se. Genetic markers of lithium response would be valuable 
for treatment planning and could provide insights into the 
biological mechanism of lithium action. To put that idea into 
practice, the international Consortium on Lithium Genetics 

(www.ConLiGen.org) was established. The consortium now 
comprises over 25 research groups from four continents 
(Europe, America, Asia and Australia). We have performed 
an initial GWAS of lithium response in 1080 Caucasian bi-
polar disorder (BD) patients using phenotype and genotype 
data from eleven participating ConLiGen sites. While our 
GWAS did not yield a genome-wide signifi cant fi nding, we 
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Lithium remains a mainstay in the long-term treatment of BD. Response to lithium is variable. About 30% of patients 
treated with lithium have fewer illness episodes over time, while about 20% have no response. The remaining 50 % can 
be classifi ed as partial responders. Data from pharmacogenetic studies of lithium are comparatively sparse, and these 
studies have generally employed small sample sizes and varying defi nitions of response. To investigate genetic factors 
underlying response to lithium, the international Consortium on Lithium Genetics (www.ConLiGen.org) was established. 
Here, we present results of (1) a study (Manchia et al. 2013) reporting the psychometric properties of the “Alda Scale” 
(Grof et al. 2002), used as phenotypic measure to evaluate response to lithium, and (2) the results of our initial GWAS.

Methods
The Alda Scale (Figure 1) quantifi es the degree of impro-
vement in the course of treatment (A score) expressed as 
a composite measure of change in frequency and severity 
of mood symptoms. The A score is weighed against 5 fac-
tors (B criteria) which allow one to determine if the obser-
ved improvement is a result of the treatment rather than a 
spontaneous improvement or an effect of additional medi-
cation. Specifi cally, the B criteria consider: the number of 
episodes before/off the treatment (B1), the frequency of 
episodes before/off the treatment (B2), the duration of the 
treatment (B3), the compliance during period(s) of stability 
(B4) and the use of additional medication during the period 
of stability (B5). The Alda Scale total score (TS) is obtained 
by subtracting the B score from the A score. To assess the 
inter-rater reliability of the Alda Scale, twenty-nine Con-
LiGen sites took part in a two-stage case-vignettes rating 

procedure. Twelve case-vignettes were circulated (stage 
1) and, after the distribution of annotated fi rst-round vig-
nettes, sixteen additional vignettes were circulated (stage 
2).

Results
Raters agreed to a substantial/moderate (stage 1) and to 
a moderate/fair (stage 2) degree (Table 1). We found that 
a cut off at 7 or greater (TS) had the highest inter-rater 
reliability values when a dichotomous assessment (good/
poor response to lithium) was used. When response to lit-
hium was assessed as continuous trait, we found that the 
A score had the highest inter-rater reliability values if “valid 
cases” were selected through a total B score of 4 or below. 
Subsequently, both aforementioned phenotype defi nitions 
were used in the genome-wide analysis.

Our fi nding in the SLC4A10 (solute carrier family 4, sodium bicarbonate transporter, member 10) gene is promising as 
this gene belongs to a small family of sodium-coupled bicarbonate transporters (NCBTs) that regulate the intracellular 
pH of neurons, the secretion of bicarbonate ions across the choroid plexus, and the pH of the brain extracellular fl uid. 
However, replication of this fi nding in additional samples will be crucial to establish it as true susceptibility factor for lit-
hium response. Within the framework of ConLiGen, about 2000 new samples from Europe, North America, Asia, and 
Australia are currently being GWAS-genotyped for that purpose. Results shall become available at the end of 2013.

Grof P et al. (2002): Is response to prophylactic lithium a familial trait? J Clin Psychiatry; 63:942–947.
Manchia M et al. (2013): Assessment of response to lithium maintenance treatment in bipolar disorder: a con-
sortium on lithium genetics (ConLiGen) report. PLOS ONE; 8:e65636.

TABLE 1: Results of the phenomic study (Manchia et al. 2013). Abbreviation: TS - Alda Scale total score

FIGURE 1: Treatment response scale (“Alda Scale”)

Methods
We studied 1080 European and European American lithi-
um-treated BD patients. All patients were characterized for 
lithium response using the Alda Scale. 341 cases met cri-
teria for excellent responders and 739 for partial/non-re-
sponders. The whole sample was genotyped using different 
Illumina arrays to perform a genome-wide association stu-
dy (GWAS) of lithium response. Samples were genotyped 
at the NIMH (USA) and Bonn (Germany). Imputation was 
performed using BEAGLE 3.3.2 against HapMap 3. Quality 
control post-imputation (see Table 2) consisted of checks 
for heterozygosity (DNA quality), gender mismatch, dupli-
cates and cryptic relatedness. Furthermore, we used prin-
cipal component analysis to obtain ancestry components 
to use as covariates for the GWAS analysis. Based on our 
phenomic study, we used two different approaches to as-
sess lithium response.

Results
Genotyping was completed at excellent call rates (>99% 
of samples have a call rate >98%). We used age, gender, 
sites, ancestry components and chipsets as covariates. No 
genome-wide signifi cant fi nding at the p < 5 x 10-8 level was 
observed using either phenotype defi nition. The dichoto-
mous phenotype (good/poor response to lithium) identifi ed 
the SNP rs17728078 in the gene SLC4A10 (p=0.00001906) 
as top hit. This SNP was also found using the continuous 
phenotype (defi ning response to lithium as continuous trait; 
p=0.0002116). The odds ratio for rs17728078 is 1.5 for the 
dichotomous analysis. This effect size is quite large for 
a complex phenotype. The association is conferred by a 
common allele at a minor allele frequency of ~0.4, increa-
sing the chances at replication in an independent sample.
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TABLE 2: Post-imputation quality control

FIGURE 2: Manhattan plot of the GWAS analysis using the dichotomous lithium-response phenotype (Alda Scale TS ≥ 
7, see Table 1). SNP rs17728078 is indicated by the circle
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Name: _______________________Date: ________________

Criterion A

The criterion A is used to determine an association between clinical
improvement and the treatment. The rating should apply to the period
of treatment considered adequate in duration and dosage. The illness
activity should be judged by frequency, severity, and duration of
episodes.

10 = Complete response, no recurrences in the course of adequate
treatment, no residual symptoms, and full functional recovery

9 = Very good response, no recurrences, but the patient may have
minimal residual symptoms (transient anxiety, sleep disturbance,
dysphoria, irritability) not requiring any intervention

8 = Very good response. Illness activity reduced by more than 90%
7 = Good response. Illness activity reduced by 80 - 90 %
6 = Good response. Reduction in activity of illness by 65 - 80%
5 = Moderate response. Reduction in illness activity by 50 - 65%
4 = Moderate improvement. Reduction in illness activity by 35 - 50%
3 = Mild improvement. Reduction of illness activity by 20 - 35%
2 = Mild improvement. Reduction of illness activity by 10 - 20%
1 = Minimal improvement. Reduction of illness activity by 0 - 10%
0 = No change or worsening

A Criterion Score: _______

Criteria B

The criteria B are used to establish whether there is a causal
relationship between clinical improvement and the treatment. Score 0,
1 or 2 points for each item:

B1: Number of episodes off the treatment.

0 = 4 or more episodes
1 = 2 or 3 episodes
2 = 1 episode

B1: _____

Drug: ______________Evaluated By: ___________

B2: Frequency of episodes off the treatment.

0 = Average to high, including rapid cycling
1 = Low, spontaneous remissions of 3 or more years on average
2 = 1 episode only, risk of recurrence cannot be established

B2: _____

B3: Duration of the treatment.

0 = 2 or more years
1 = 1 - 2 years
2 = Less than 1 year

B3: _____

B4: Compliance during period(s) of stability.

0 = Excellent, e.g. documented by drug levels in the therapeutic
range

1 = Good, more than 80% levels in the therapeutic range
2 = Poor, repeatedly off treatment, less than 80% levels in the

therapeutic range

B4: _____

B5: Use of additional medication during the period of stability.

0 = None except infrequent sleep medication (1 per week or less);
no other mood stabilizers, antidepressants or antipsychotics for
control of mood symptoms

1 = Low-dose antidepressants or antipsychotics as an "insurance",
or prolonged use of sleep medication

2 = Prolonged or systematic use of an antidepressant or
antipsychotic

B5: _____

B Criteria Score: _____

Total Scale Score: _____
(Subtract B from A)

FIGURE 3: Manhattan plot of the GWAS analysis using the continuous lithium-response phenotype (Alda Scale A score 
if B score ≤ 4, see Table 1). SNP rs17728078 is indicated by the circle

observed an interesting hit for SNP rs17728078 in the in the 
gene SLC4A10 (p=0.00001906) as potential genetic factor 
mediating the response to lithium. The product of this gene 
belongs to a small family of sodium-coupled bicarbonate 
transporters. We have now embarked on an enlargement 
of our sample to increase the power to detect genome-wi-
de signifi cant effects, if present. The ConLiGen sample, 

now comprising 2941 BD individuals (2718 European or 
European American Caucasians and 223 Asians) is cur-
rently being genotyped. Final results will become available 
at the end of 2013.
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