
The number of hospitalised infections in first year of life
were also analysed for interaction with gender. This showed no
difference between boys and girls (p=0.94).

To our knowledge this is the first study indicating a gender
difference in the impact of neonatal infections on the risk 
of Type 1 diabetes in children. The results are not likely to 
be caused by recall bias since all information is based on reg-
ister data collected prior to diabetes onset and less than 1% of
the patients have missing information. The analysis is based
only on hospital records and since boys are more often hospi-
talised in the first year of life there could be a selection bias
towards higher registration rate of infections in boys. How-
ever, if we assume that this higher registration rate is the same
in diabetic and non-diabetic cases, this should not influence
the results.

The results might be explained by a gender difference in
susceptibility to T cell-mediated autoimmune diabetes and
gender difference in response to infections [5]. The observa-
tion of an interaction between gender and risk factors affecting
the development of the immune regulatory system is of crucial
relevance. Accordingly the effects of those risk factors should
be taken into account in analyses where boys and girls are
analysed together because of opposite effects in boys and girls.
This result suggests that all studies on risk factors of autoim-
mune diabetes which possibly occur through an effect on the
immune regulatory system have to be analysed separately for
each gender or with interaction. This has implications for the
evaluation of risk factors such as infections, vitamin D supple-
ment and breastfeeding, especially when considering the im-
pact of these risk factors in early childhood.

J. Svensson, B. Carstensen, H. B. Mortensen, K. Borch-
Johnsen, the Danish Study Group of Diabetes in Childhood
(DSBD)
Steno Diabetes Centre, Gentofte, Denmark
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Does the −11377 promoter variant 
of APM1 gene contribute 
to the genetic risk for Type 2 diabetes
mellitus in Japanese families?
To the Editor: Although the physiopathological bases of Type
2 diabetes mellitus are well established, with an important role
of generalized insulin resistance hitting key organs for glucose
homeostasis – like muscle, liver and beta-cell – little is known
about its molecular determinants and about the genetic factors
involved in the transition between obesity and Type 2 diabetes.
A considerable amount of evidence has suggested that a poly-
morphism in fat-expressed PPAR-γ, the major thiazolidinedi-
one target, could contribute, even modestly, to the genetic risk
for Type 2 diabetes [1]. In contrast, genome wide scans pre-
sented evidence of linkage between a region of chromosome
3q27, the metabolic syndrome and Type 2 diabetes in American
and French Caucasian subjects [2], and also with coronary
heart disease in Indo-Mauritians [3]. We recently replicated the
linkage with diabetes in Japanese Type 2 diabetic families [4].
A strong positional candidate gene located on 3q27 is APM1,
which encodes for the adipocyte complement related protein
(Acrp30, also named adiponectin) which is specifically ex-

pressed in differentiated adipocytes. It was recently shown that
its proteolytically-cleaved product (gAcrp30) lowers glucose
concentrations through fatty acid oxidation without variations
of insulin and glucagon concentrations, and prevents the devel-
opment of high-fat diet induced obesity [5]. Furthermore, de-
creased expression of adiponectin correlates with insulin resis-
tance in mouse models of obesity or lipoatrophy, and physio-
logical doses of adiponectin decrease insulin resistance in
these mice by lowering triglyceride content in muscle and liver
[5]. In human, hypoadiponectinaemia was reported in obese
and Type 2 diabetic subjects, and adiponectin concentrations
are closely associated with insulin sensitivity in different eth-
nic groups [6]. We have recently shown that sequence varia-
tions in APM1 gene are associated with circulating adiponectin
concentrations and modulate the risk for insulin resistance and
diabetes in French Caucasians [7]. A previous study has also
suggested a large heritability for plasma adiponectin concen-
trations in humans [8].

In the Japanese population, we have done a case control
study and reported an association between two single nucleo-
tide polymorphisms (SNP) in the APM1 gene and Type 2 dia-
betes [9]. To confirm such relevant associations in another 
Japanese population, we studied 359 diabetic Japanese subjects
from the 164 sib-ships where indication of linkage at 3q27 was
found [4]. One affected subject without obesity was randomly
chosen from each family (average BMI: 22.7±2.8 and
23.2±3.6 kg/m2 for men and women, respectively), and 183
non-diabetic Japanese subjects was the control group (average
BMI: 22.3±3.1 and 22.5±3.4 kg/m2 for men and women, re-
spectively). The 11 most frequent polymorphisms of the APM1
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gene were studied by direct sequencing and Light Cycler assay
(Roche, Manheim, Germany). The genotype distribution of the
SNP and insertion or deletion variants is included in Table 1.
No significant deviation of the Hardy-Weinberg equilibrium
was observed for any of the SNPs studied.

A significant association between the C/C genotype at posi-
tion −11377 in the APM1 promoter and Type 2 diabetes
(p=0.002) was observed (Table 1). This promoter variant, un-
der a recessive model of inheritance, increases the risk for
Type 2 diabetes (OR=2, IC=1.30–3.08) in the population test-
ed. A similar, although not significant, trend for association
with Type 2 diabetes was reported in the previous Japanese
case control study (p=0.25) [9]. A trend for association
(p=0.08) was also found for the +276 G>T SNP in intron 2,
which was shown to be associated with insulin sensitivity, ad-
iponectin concentrations and Type 2 diabetes in the Japanese
population [9]. The difference observed in the strength of the
genetic association between the two populations can be ex-
plained by the fact that diabetic subjects of Hara’s population
were randomly recruited from patients attending the outpatient
clinic, whereas in our study nuclear Japanese families with at
least two Type 2 diabetic siblings were analyzed. However,
clinical characteristics of these two populations seem to be
comparable. In addition, we observed trends for association
between Type 2 diabetes and the C>T SNP at −11043 in the
promoter and A>G SNP at −3971 in intron 1 (Table 1).

We have calculated standardised linkage disequilibrium 
D’ between each pair of SNPs using the PM+EH+ software.
We observed a block of six closely associated variants showing
D’ values ranging from 0.9698 to 1.00 and comprising the
–11377 promoter variant. Of note, this LD block includes four

promoter and two nearby intron 1 variants, and that SNP +276
is not part of this group. The variant alleles of the other SNPs
(−4041, −3971 and −11426) are very rare and not surprisingly
fail to detect the same association as −11377 SNP.

An haplotype including two SNPs at positions −11391 and
–11377, both located in the promoter sequence of APM1, was
shown to be strongly associated with adiponectin concentra-
tions and Type 2 diabetes in the French population [7]. Thus,
we have tested if any haplotype prevalence might display a
greater difference between cases and control subjects. No hap-
lotype showed a better result than that obtained for the SNP at
−11377 by itself. In the Japanese population, in contrast to
French Caucasian subjects, the −11391 SNP is rather uncom-
mon (frequency ≈0.02) [9], and we did not detect this variant
in our study. Thus, even if –11391 SNP is a functional variant,
because of its low frequency, it is unlikely to be involved in
the genetic risk for Type 2 diabetes in Japan.

We also investigated the influence of the genotypes at the
–11377 SNP on the modest linkage observed at the 3q27 locus
in Japanese sib-pairs (maximum logarithm of odds score
(MLS) =1.38, [4]). The pairs of sibs Identical by State (IBS)
for genotypes 11, 12 and 22 were tested for linkage separately.
Although the lod-score of pairs IBS for the 11 genotype
reached a value of 2.0, it did not increase. Thus, we could not
obtain evidence that the 11 genotype by itself contributes, even
partially, to the observed linkage at the 3q27 locus.

Our results strengthen the contention that variations in the
APM1 gene contribute to the genetic risk for Type 2 diabetes in
the Japanese population. As the C/G SNP at –11377 is fre-
quent, we calculated an attributable risk of 31%, i.e. 1/3 of the
genetic risk for diabetes in the Japanese subjects could be 
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Table 1. Distribution of genotypes for the eleven common SNP of APM1 and results of the association study with Type 2 diabetes

SNPs Position* Status Number Genotype Distribution, n (frequency) Allele Chi 2
of subjects p value

11 12 22

−11426 Controls 183 98 (0.53) 72 (0.40) 13 (0.07) 1-A 0, 4
Type 2 diabetes 164 88 (0.54) 67 (0.41) 6 (0.05) 2-G p=0.81

−11377 Controls 183 86 (0.47) 87 (0.47) 10 (0.06) 1-C 12, 2
Type 2 diabetes 164 105 (0.63) 48 (0.30) 11 (0.07) 2-G p=0.002

−11156 Controls 176 95 (0.54) 70 (0.40) 11 (0.06) 1-InsCA 0, 23
Type 2 diabetes 163 92 (0.57) 62 (0.38) 9 (0.05) 2-DelCA p=0.89

−11043 Controls 180 173 (0.96) 7 (0.04) 0 1-C 2, 39
Type 2 diabetes 164 162 (0.98) 2 (0.02) 0 2-T p=0.17

−4041 Controls 182 160 (0.88) 22 (0.22) 0 1-A 1, 42
Type 2 diabetes 164 140 (0.85) 23 (0.14) 1 (0.01) 2-C p=0.53

−3971 Controls 181 162 (0.90) 19 (0.10) 0 1-A 2, 99
Type 2 diabetes 164 140 (0.86) 22 (0.13) 2 (0.01) 2-G p=0.22

+45 Controls 179 90 (0.50) 74 (0.41) 15 (0.09) 1-T 1, 39
Type 2 diabetes 164 78 (0.48) 66 (0.40) 20 (0.12) 2-G p=0.50

+276 Controls 177 79 (0.44) 80 (0.45) 18 (0.11) 1-G 4, 84
Type 2 diabetes 164 87 (0.54) 55 (0.33) 22 (0.13) 2-T p=0.08

+349 Controls 177 90 (0.51) 73 (0.41) 14 (0.08) 1-A 1, 31
Type 2 diabetes 164 80 (0.48) 65 (0.40) 19 (0.12) 2-G p=0.51

+712 Controls 179 28 (0.15) 88 (0.50) 63 (0.35) 1-G 0, 15
Type 2 diabetes 164 28 (0.17) 78 (0.48) 58 (0.35) 2-A p=0.92

+2019 Controls 178 27 (0.15) 89 (0.50) 62 (0.35) 1-Ins A 0, 94
Type 2 diabetes 164 31 (0.19) 76 (0.46) 57 (0.35) 2-Del A p=0.62

* Numbers indicate the location of the SNP relative to the A of the ATG / initiator Met of the APM1 gene.
Genotype Distribution, n, numbers of individuals tested by genotype (frequencies are shown in parentheses)



related to this variant. All together, our data strongly support
the hypothesis that adiponectin plays a pivotal role in the
pathogenesis of Type 2 diabetes. Finally, adiponectin might be
considered as a molecular link between the metabolic syn-
drome, obesity and Type 2 diabetes.
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