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Is bipolar disorder linked to Xq28? 
Sir- In the January 1993 issue of 
Nature Genetics diminished support 
for linkage between manic-depressive 
illness (MDI), also known as bipolar 
disorder, and chromosome Xq27-
28 markers was reported by Baron et 
al.'. Previous studies using Xq28 
pheno-typic markers - colour
blindness and glucose-6-phosphate 
dehydro-genase ( G6PD) deficiency 
-had provided evidence for linkage 
in a proportion of pedigrees (see ref. 
2 for review), following an earlier 
report\ speculating that X -linked in
heritance may be more pronounced 
among Mediterranean and Asian 
comm unities3

• 

We began to study MDI pedigrees 
after Mendlewicz et al. 4 reported 
strong evidence for linkage between 
G6PD deficiency and MD I in a Persian 

Table 1 Prevalences of G6PD deficiency in 
psychiatric patients 

Males Females 
G6PD Total (%) G6PD Total (%) 

deficient deficient 

Non-bipolar disorders 6 77 (7.8)• 37 147 (25.2)" 
Recurrent unipolar 
major depression 1 16 (6.3) 22 64 (34.4) 
Schizophrenia 2 18 (11.1) 1 7 (14.3) 
Schizoaffective~ 

depressive subtype 20 (5.0) 12 53 (226) 
Schizoaffective, 
schizophrenic subtype 2 23 (8.7) 2 23 (8.7) 

Bipolar disorders 30 144 (20.8)• 96 264 (36.4)" 
Schizoaffective, 
bipolar subtype 17 57 (29.8)0 39 100 (39.0) 
Bipolar I (depression 
with mania) 6 56 (10.7) 25 81 (30.9) 
Bipolar II (depression 
with hypomania) 7 31 (22.6) 32 83 (38.6) 

Total sample 36 221 (16.3) 133 411 (32.4) 

Subjects are 632 consecutive outpatients admitted to the Centre of 
Clinical Psychophamnacology, Department of Neurosciences, 
University of Cagliari, between 1984 and 1993, and patients admitted 
over the previous 8 years if still attending the Centre. Modified 
research diagnostic criteria (RDC)'0 were applied to direct interview, 
medical records and infomnation from relatives and referring 
psychiatrists. G6PD phenotypes were established using quantitative 
assays on erythrocytes" or whole blood samples12, assigning 
females according to the ranges calculated in males. The overall 
phenotype distribution is in agreement with a Hardy-Weinberg 
distribution. G6PD determinations and psychiatric diagnosis were 
always done blind with respect to each other. The female G6PD 
deficient group in this table includes subjects with activity in either 
the homozygous or heterozygous range. The following statistical 
differences were observed using Fisher's exact test (all reported P 
values are two-tailed): bipolar versus non-bipolar disorders, males •p 
= 0.01, females •p = 0.02; bipolar schizoaffective disorder versus 
remaining subgroups, males cp = 0.002. 
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Jewish pedigree. The high prevalence 
of G6PD deficiency in Sardinia 
prompted us to survey G6PD activity 
in our psychiatric population with 
the initial aim ofidentifyingpedigrees 
for an X-linkage studf. Unexpect
edly, we found an association between 
G6PD deficiency and bipolar sub
groups6. So far, we have surveyed 
G6PD activity in 632 patients (Table 
1). The overall prevalences of enzy
matic deficiency are within the range 
found in the general population in 
Sardinia7

, but there are significant 
bipolar/non-bipolar differences in 
both sexes. 

Marker-disease associations exist 
under three conditions: the marker 
plays a role in the disease; the marker 
is closely linked to a disease gene and 
there is linkage disequilibrium; the 
sample is a stratified mixture derived 
from populations with different 
prevalences of the marker and the 
disease. Interestingly, a trend towards 
the same bipolar/non-bipolar 
distinction was found in Illinois in a 
small sample of patients8

, surveyed 
for G6PD deficiency after the 
observation of favism-related psy
chotic episodes9• 

We are studying marker and disease 
at the familial level, which is a robust 
strategy in the face of geographical 
stratifications. Preliminary results 
from 27 pedigrees suggest coseg
regation ofG6PD deficiency and MD I, 
based on concordance rates found in 
affected relatives ofbipolar probands 
(36 out of 40 with any affective 
disorder; 19 out of21 with bipolar I, 
bipolar II or bipolar schizoaffective 
disorders only). Lod scores are 
consistent with close linkage, despite 
reduced informativeness as a result of 
several pedigrees featuring multiple 
sources of G6PD deficiency. 

A similar event has occurred in the 
pedigree contributing to the original 
support of Xq28 linkage reported by 
Baronet aP. In the updated pedigree\ 
there are three different sources of 
G6PD deficiency, considering the 
homozygosity of the proband and the 
G6PD deficient spouse with recurrent 
depression marrying into the 
pedigree. Overall, 10 out of 11 
affectively ill subjects are G6PD 
deficient. G6PD heterozygotes appear 

to present a less severe phenotype 
than homozygotes or hemizygotes. 
Accordingly, even though support for 
linkage in that pedigree is greatly 
reduced, an association between MD I 
and G6PD deficiency is not ruled out. 

Besides using conventional linkage 
methods, we have also analysed our 
initial set of pedigrees from the 
association point of view using the 
program package SAGE. Within
family association between G6PD 
deficiency and affective disorders is 
suggested with an approximate P 
value of 0.025 (reported at the 1993 
World Congress on Psychiatric 
Genetics, New Orleans). 

In conclusion, the hypothesis of an 
Xq28 gene, perhaps G6PD itself, 
contributing to the susceptibility to 
MDI in some ethnic groups deserves 
further consideration, despite being 
discredited' by some of its original 
supporters3• 
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