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A variant near MTNRIB is associated with increased
fasting plasma glucose levels and type 2 diabetes risk
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for type 2 diabetes (T2D)® and are associated with increased risk of
mortality in prospective studies’. We have previously identified a
common genetic variant in the G6PC2 (glucose-6-phosphatase cata-
lytic unit 2) explaining ~ 1% of the variance of FPG at the population
level, although not increasing the risk of T2D’. Following this, we
aimed to identify new genetic variation involved in glucose home-
ostasis using GWA data from 2,151 nondiabetic French individuals

In genome-wide association (GWA) data from 2,151
nondiabetic French subjects, we identified rs1387153, near
MTNR1B (which encodes the melatonin receptor 2 (MT2)), as a
modulator of fasting plasma glucose (FPG; P = 1.3 x 1077). In
European populations, the rs1387153 T allele is associated

with increased FPG (B = 0.06 mmol/l, P = 7.6 x 10727,

N = 16,094), type 2 diabetes (T2D) risk (odds ratio (OR) =

1.15, 95% ClI = 1.08-1.22, P = 6.3 x 107, cases N = 6,332)
and risk of developing hyperglycemia or diabetes over a 9-year
period (hazard ratio (HR) = 1.20, 95% CI = 1.06-1.36,

P = 0.005, incident cases N = 515). RT-PCR analyses confirm
the presence of MT2 transcripts in neural tissues and show MT2
expression in human pancreatic islets and beta cells. Our data
suggest a possible link between circadian rhythm regulation and
glucose homeostasis through the melatonin signaling pathway.

Elevated fasting plasma glucose (FPG) levels within the range specified
by the American Diabetes Association! are an independent risk factor

with European ancestry.

We carried out a GWA meta-analysis for FPG using data from four
independent populations, including 715 lean adults, 614 lean children,
247 obese adults and 575 obese children (Supplementary Table 1,
N = 2,151). In addition to G6PC2 (P = 4.1 x 1077), we identified
two SNPs that reach genome-wide significance for association with
FPG: rs4240702 on chromosome 9 (P = 8.0 x 1077, adjusted
genome-wide P = 0.002) and rs1387153 on chromosome 11
(P =13 x 1077, adjusted genome-wide P = 0.04). A first replication
analysis in 3,886 nondiabetic individuals from the French DESIR
population (a longitudinal general population cohort with mean
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Table 1 Association of rs1387153 with fasting plasma glucose levels in nondiabetic individuals from a genome-wide association

meta-analysis study and replication studies

Mean fasting plasma glucose (mmol/l) by genotype

N MAF ccC CT T Variance (%) Per T allele effect? (mmol/l) (95% CI) P

GWA meta-analysis 2,151 0.29 5.01+0.5 5.06 + 0.49 5.14 + 0.46 0.61 0.07 (0.04-0.09) 1.3 x 1070
DESIR 3,886 0.30 5.27 +£0.54 5.36 + 0.54 541 + 0.55 0.79 0.08 (0.06-0.11) 6.9 x 10712
Inter99 5,518 0.28 5.42 +0.50 5.48 + 0.51 5.55 + 0.54 0.65 0.07 (0.05-0.09) 1.4 x 10-12
NFBC86 5,237 0.35 5.12+0.42 5.16 £ 0.43 5.22 + 0.43 0.61 0.05 (0.03-0.07) 2.3 x10°°
Haguenau 1,453 0.26 4.77 +0.37 4.81 +0.38 4.84 +0.40 0.34 0.03 (0.00-0.06) 0.04
Replication meta-analysis 16,094 - 0.06 (0.05-0.07) 7.6 x 10729
Overall meta-analysis 18,245 - 0.07 (0.05-0.08) 2.0 x 10736

Association was tested using an additive model, adjusted for age, sex and BMI. All individuals were nondiabetic (FPG < 7 mmol/l without glucose lowering agents). DESIR excluded
the 715 participants that were part of the GWA meta-analysis. The replication meta-analysis excluded GWA meta-analysis.
aper-T allele effect size is the regression coefficient . PAdjusted genome-wide P value is 0.04.

age = 46.5 + 10.2 years) confirmed the association of the rs1387153
T allele with increased FPG (f = 0.08 mmol/l 95% CI = 0.06-0.11,
P = 6.9 x 107'% Table 1), but did not replicate the association of
FPG with rs4240702 (P = 0.21). Analysis in 5,518 middle-aged
nondiabetic individuals (mean age = 45.9 * 7.8 years) from the
Danish population-based study Inter99 provides further support
for the effect of rs1387153 on FPG (B = 0.07 mmol/l , 95%
CI = 0.05-0.09), P = 1.4 x 107'% Table 1). SNP rs1387153 also
associates with increased FPG both in 5,237 young nondiabetic indi-
viduals (age at examination = 16 years) from the Northern Finland
Birth Cohort 86 (NFBC86) (3 = 0.05 mmol/l , 95% CI = 0.03-0.07,
P=2.3 x 107°) and in 1,453 young adults from the French Haguenau
cohort (mean age = 22.1 £ 3.9 years; B = 0.03 mmol/l; 95%
CI = 0.00-0.06, P = 0.04; Table 1).

Further analysis of metabolic traits in the nondiabetic participants
of the DESIR cohort showed that SNP rs1387153 is associated with
an increased fraction of erythrocyte glycosylated hemoglobin (HbAlc)
(B = 0.04%, 95% CI = 0.02-0.06, P = 1.7 x 10~% Supplementary
Table 2), an indicator of a deteriorated glucose control over the
previous two to three months, as well as with decreased basal insulin
release as assessed by the homeostasis model of pancreatic beta
cell function index HOMA-B (B = —5.82%, 95% CI = -7.69-2.96,
P = 33 x 1073 Supplementary Table 2), suggesting that the
association with increased FPG may result, at least in part, from
impaired insulin secretion. In contrast, no association was observed
with the homeostasis model of insulin resistance index (HOMA-IR;
P = 0.46; Supplementary Table 2). There was only a trend for
an association with body mass index (P = 0.066; Supplementary
Table 2) in the DESIR cohort and GWA case-control analysis for
obesity including 1,380 French severely obese and 1,416 normal weight
controls did not reveal any association with obesity at this locus
(P =0.71 for rs1387153), indicating that the observed effect on FPG is
independent of obesity-induced insulin resistance (unpublished data).
The effects of rs1387153 on other metabolic traits are shown in
Supplementary Table 2 for the DESIR cohort and Supplementary
Table 3 for the Inter99 study sample.

We then assessed the contribution of rs1387153 to T2D risk in 6,332
French and Danish diabetic subjects and 9,132 normal glucose French
and Danish controls selected from the DESIR cohort and the Inter99
study sample, respectively. We found that the rs1387153 T allele
increases the risk of T2D (OR = 1.15, 95% CI = 1.08-1.22,
P = 6.3 x 1075 Supplementary Table 4), indicating that the effect
of rs1387153 on FPG is also observed in the ultimate consequence of
elevated FPG, which is T2D, in contrast to the effect of the G6PC2

variant, which was proposed as a genetic determinant for FPG only
in general populations®. In accord with our findings, data from the
DIAGRAM consortium show nominally significant association
between rs1387153 and T2D assessed in 4,549 cases and 5,579 controls
(P = 0.015). Longitudinal analyses of the DESIR cohort demonstrated
that carriers of the rs1387153 T allele have a 20% increase in the risk
of developing hyperglycemia (defined as FPG > 6.1 mmol/l or
diabetes) over the 9-year follow-up period (hazard ratio = 1.20, 95%
CI = 1.06-1.36, P = 0.005).

We also analyzed the cumulative effect of rs1387153 and the three
previously identified genetic determinants of FPG (G6PC2 rs560887,
GCKR 151260326 (P446L) and GCK 1s1799884 (—30G/A))° in the
DESIR cohort and observed an additive effect (Fig. 1). Subjects
with three ‘high FPG’ alleles have a mean FPG of 5.26 mmol/l
(95% CI = 5.23-5.29), which is above the threshold of 94 mg/dl
(5.21 mmol/l), previously reported to double the risk of T2D
(adjusted for age, BMI and triglyceride level) in young healthy
individuals®. Those carrying six or more high FPG alleles (4.5% of
the DESIR participants, N = 183) show a mean 0.36 mmol/l increase
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Figure 1 Cumulative effects of MTNRIB rs1387153, G6PCZ2 rs560887,
GCKR rs1260326 (P446L) and GCK rs1799884 (-30G) variants on fasting
plasma glucose levels in the DESIR cohort. Data are presented as mean
(95% Cl) and the B coefficient in the linear regression model (including age,
sex and BMI as covariates) corresponds to the increase of fasting plasma
glucose (FPG) levels by additional ‘high FPG’ alleles. The numbers of
individuals per category of ‘high FPG’ allele carriers and the corresponding
percentages in the DESIR cohort are shown below the graph.
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in FPG compared to individuals with zero or one high FPG allele
(Fig. 1) and, importantly, 43% of them (N = 78) reach the
epidemiological threshold of impaired fasting glucose, 5.6 mmol/l,
set by the American Diabetes Association’.

SNP rs1387153 maps within a 62.1-kb linkage disequilibrium (LD)
block on chromosome 11 and is located in the 5" region of MTNRIB,
encoding the melatonin receptor 1B (MT2, Fig. 2). To assess the
contribution of putative coding variants in MTNRIB to the association
with FPG, we carried out direct sequencing of the two exons (362
amino acids) of MTNRIB in 638 nondiabetic individuals randomly
selected from the DESIR population. None of the 14 exonic variants
identified (Supplementary Table 5) is in LD with rs1387153 or
associates with FPG. SNP rs1387153 is in high LD (** > 0.70) with
seven SNPs within the 62.1-kb LD block that were not genotyped here.
Three of them (rs10765573 (* = 0.82), rs7936247 (* = 0.84) and
1511020124 (1> = 0.94)) are part of a conserved genomic region across

Figure 3 MTNR1B mRNA expression by a panel

LETTERS

Figure 2 Genomic context and association with fasting plasma glucose of
rs1387153 on chromosome 11g21. The upper panel shows the association
magnitude (-log (P value)) with fasting plasma glucose of the tag SNPs
(dots) and the HapMap CEU data imputed SNPs (plus signs) not directly
genotyped around (+ 100 kb) rs1387153. The lower panel shows the LD
structure (defined by pairwise r2) of the 62.1-kb LD block that includes
rs1387153 and MTNR1B between SNPs in the CEU population from
HapMap phase Il using the Haploview software. MTNR1B gene organization
and rs1387153 position and distance from MTNR1B are indicated.

species located in the proximal 5 region of MTNRIB. One SNP,
1510830963 (2 = 0.70), is located in the only intron of MTNRIB.
Imputation of genotypes using the LD structure from HapMap data
(CEU population) for SNPs in LD with rs1387153 (and all SNPs 100 kb
upstream and 100 kb downstream rs1387153 with data available in the
HapMap CEU samples) did not identify any SNP showing potentially
stronger association with FPG than rs1387153 (Fig. 2). Nonetheless, all
SNPs of the LD block including MTNRIB are putative candidates for
functionality of the association signal with FPG identified in our study.

Melatonin is a neurohormone that regulates the circadian rhythm
by translating photoperiodic information from the eyes to the brain.
Melatonin signaling is mainly mediated by two receptors: MT1 and
MT?2, encoded by MTNRIA and MTNRIB, respectively®. The stron-
gest MT2 expression levels are detected in the retina and the
suprachiasmatic nucleus (SCN), the circadian rhythm control center®.
Using RT-PCR on a panel of human tissues, we confirmed the
expression of MTNRIB in the retina, the brain and, more specifically,
in the diencephalon, including the hypothalamus and the SCN
(Fig. 3). MT2-mediated melatonin signaling could indirectly regulate
glucose levels and insulin secretion through the brain control center of
the circadian clock, as proposed previously’. In healthy individuals,
insulin secretion follows a circadian rhythm with peaks during the day,
in an opposite manner to melatonin circulating levels®, and both
melatonin secretion and circadian rhythm are impaired in T2D’.
Melatonin is a potent antioxidant agent and has been suggested to
directly influence insulin secretion. The MTI receptor is highly
expressed in pancreatic islets, although MT2 expression in islets and
beta cells is still elusive'?. We confirmed the expression of MTNRIB in
both islets and sorted beta cells (Fig. 3), supporting a putative direct
role of MT2 in the regulation of insulin secretion. Similar expression
data are found in the mouse, indicating that islet and retina expression
are evolutionarily conserved (data not shown). Using global expres-
sion data available from human lymphoblastoid cell lines!!, we did not
find any evidence that rs1387153 (or SNPs in LD with rs1387153)
directly influences MTNRIB expression. However, similar analysis in
pancreatic islets and retina would be necessary to draw conclusions
about the possible effects of the rs1387153 SNP on MTNRIB
expression. We note that data about rs1387153 association with

of human tissues and by human pancreatic o P .\%\6‘6 <
islets and beta cells. (a) PCR was done for & & & E
MTNR1B using cDNAs from a commercial s\\o\e & b\QOQ ¢ Qg"@

panel of human tissues including diencephalon, - & v % < <

retina, pancreas, skeletal muscle, liver, heart, 400 bp —+= — — MTNR1B
lung and kidney. (b) RT-PCR was done for 300 bp —pis S — =T 220
MTNR1B using commercial mRNAs from human 300 b —» s P — e ACTB
whole brain, small intestine and adipose tissue. 200 bp —» e G P S0 S GRS WP T e W — = == 034bp)

(c) PCR was done for MTNR1B using cDNAs

from human donors for pancreatic islets and sorted beta cells. PCR products from diencephalon, retina, pancreas, whole brain, pancreatic islets and beta
cells were verified by direct sequencing. Molecular weight markers (M) and control lanes for B-actin are shown.
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MTNRIB expression were not available from a previous human
cortical gene expression study'?.

MTNRIB rs1387153 strongly modulates FPG in the European
population (N = 16,094, f = 0.06 mmol/l per T allele, 95%
CI = 0.05-0.07; overall P = 7.6 x 1072, unadjusted genome-wide)
and increases the risk for T2D. Our findings support a possible link
between the regulation of circadian rhythm through melatonin
signaling and glucose homeostasis.

METHODS

Study participants. A GWA meta-analysis for FPG was done in nondiabetic
French individuals with European ancestry from our recent genome-wide T2D'3
and obesity case-control studies (unpublished data). We analyzed GWA data
from four populations (Supplementary Table 1) including (i) normal-weight
nondiabetic adults selected from the DESIR prospective study'* (see below for
further details), (ii) normal-weight nondiabetic children from the STANISLAS
study' and the Fleurbaix-Laventie Ville Santé II study'®, (iii) obese nondiabetic
adults recruited by the CNRS UMR8090 and the Department of Nutrition of
Paris Hotel Dieu hospital and (iv) obese nondiabetic children recruited by the
CNRS UMR8090 and the Toulouse Children’s Hospital.

The Data from the Epidemiological Study on the Insulin Resistance Syndrome
(DESIR) cohort was used for the replication of the association with FPG and
metabolic traits, for the incidence of hyperglycemia and the cumulative effect of
FPG-associated SNPs (MTNRIB rs1387153, G6PC2 rs560887, GCKR rs1260326
(P446L) and GCK rs1799884 (—30G/A) variants). DESIR is a longitudinal French
general population cohort and is fully described elsewhere™!4. Because ancestry
could not be legally documented at the beginning of the DESIR study, we
estimated the proportion of subjects having non-European ancestry among 658
DESIR subjects, using 328 SNPs highly differentiated among individuals from
different continents (Fsy > 0.2 calculated from the Perlegen dataset)!” and
STRUCTURE software'$, as described elsewhere™!3. We also excluded partici-
pants born overseas before analyses in order to minimize hidden population
structure in the remaining participants. We analyzed 3,886 subjects who had
been successfully genotyped, and who were not overlapping with the GWA data
individuals, with FPG available at baseline (Supplementary Table 1). Three
classes of FPG status were defined according to the 1997 American Diabetes
Association criteria® normal glucose (NG), defined as FPG < 6.1 mmol/l;
impaired fasting glucose (IFG), defined as FPG between 6.1 and 6.99 mmol/l;
and T2D, defined as FPG > 7.0 mmol/l and/or treatment by glucose lowering
agents. Hyperglycemia was defined by IFG or T2D. The homeostasis index of
insulin release (HOMA-B) was calculated as HOMA-B = (20 x fasting insulin)/
(fasting glucose — 3.5), where fasting insulin is in mU/l and fasting glucose in
mmol/l (ref. 19). We analyzed 3,365 participants from the DESIR cohort who
had been successfully genotyped and followed for incident IFG and T2D during
a 9-year period, including 515 hyperglycemia incident cases. All the DESIR
participants signed an informed consent and the study protocol was approved by
the ethics committee for the protection of subjects for biomedical research of the
Bicétre Hospital, Paris, France.

The Inter99 study sample was used for the replication of the association of
rs1387153 with FPG and metabolic traits, and has been fully described
previouslyzo. Glucose tolerance was assessed for 5,877 individuals from the
population-based Inter99 study sample who had been successfully genotyped
for rs1387153. Subjects with known T2D (N = 114) or who were identified
as diabetic during the oral glucose tolerance test (OGTT)(FPG > 7 mmol/l or
120 min OGTT > 11.1 mmol/l, N = 245 individuals) were excluded from the
FPG replication analysis and were included in the case-control analysis
(see below). The remaining 5,518 nondiabetic individuals were investigated
for an association with FPG and metabolic traits (Supplementary Table 1).
HOMA-IR and HOMA-B was calculated using the HOMA2-calculator?!.
We tested the Inter99 population for population stratification, applying
the program STRUCTURE!" on 37 randomly picked SNPs from 37 genes.
No evidence of population stratification was found. All participants were of
European ancestry and Danish nationality and informed written consent was
obtained from all participants before participation. The study was approved by
the ethical committees of Copenhagen and was in accordance with the principle
of the Helsinki Declaration II.

We used the Northern Finland 1986 Birth Cohort (NFBC86) for the
replication of the association of rs1387153 with FPG. NFBC86 is a
prospective birth cohort including all Finnish mothers of European ancestry
with children whose expected date of birth fell between July 1, 1985 and
June 30, 1986 in the two northernmost provinces in Finland??. Clinical
examination at 15-16 years follow-up was conducted between August 2001
and June 2002. All cohort members living in Finland with known address
(n = 9,215) were invited, and 6,798 participated (74%). We analyzed 5,237
nondiabetic subjects successfully genotyped in the NFBC86 cohort with FPG
available. The study was carried out in accordance with the latest version of
the Declaration of Helsinki. All participants and their parents gave a written
informed consent. The study protocol has been approved by the ethics
committee of the Faculty of Medicine of the University of Oulu.

We used the Haguenau population for the replication of the association
of rs1387153 with FPG. The Haguenau study is a community-based cohort
of young adults that investigates long-term consequences of being born small for
gestational age and was fully described elsewhere?’. Briefly, subjects born between
1971 and 1985 were identified from a population-based registry of Haguenau,
France. In this area, subjects with non-European ancestry are estimated to
comprise less than 0.1% of the general population?®. At a mean age of 22 years,
participants underwent a medical examination to assess anthropometric and
clinical parameters. We analyzed 1,453 nondiabetic subjects successfully geno-
typed in the Haguenau cohort with FPG available (Supplementary Table 1). The
Haguenau study protocol was approved by the ethics committee of Paris-
St. Louis University, Paris, France.

Type 2 diabetes cases. We analyzed 4,098 unrelated French individuals
with T2D ascertained from the French T2D Family and Obesity Family
studies, collected by the CNRS-UMRB8090 Unit (Pasteur Institute, Lille) and
the Endocrinology-Diabetology Department of the Corbeil-Essonnes Hospital,
the Diab2-Néphrogéne/Surdiagéne study?* or the DESIR study. Details
about these cases are provided elsewhere!>. We used 4,266 normoglycemic
(FPG < 6.1 mmol/l) DESIR participants as controls. Individuals with T2D of
non-European ancestry were excluded after population structure analysis
described previously'?.

The Danish case-control study included all unrelated type 2 diabetes cases
and healthy, glucose-tolerant controls with successful genotyping from the
Inter99 study sample (cases = 339, control individuals = 4,368) and indi-
viduals recruited from the outpatient clinic at Steno Diabetes Center (cases =
1,895, control individuals = 498). Individuals with T2D with non-European
ancestry were excluded before analysis.

Genotyping. GWA genotypes were obtained using the Illumina Human
CNV370-Duo array (unpublished data). Genotyping was done using 750 ng
of genomic DNA following the manufacturer’s protocols (Illumina). In addi-
tion, 523 French lean adult controls previously genotyped using the Illumina
HAP300 array'> were included in the analysis. We used the Illumina’s
BeadStation genotyping solutions, based on the GenCall software application,
to automatically cluster, call genotypes, and assign confidence scores. The
GenCall application incorporates a clustering algorithm (GenTrain) and a
calling algorithm. Genotyping calls for a specific DNA are made by the calling
algorithm, relying on information provided by the GenTrain clustering algo-
rithm. We identified 311,398 SNPs shared by the two arrays; of these, we
discarded 2,552 SNPs that had extreme Hardy-Weinberg disequilibrium in the
control samples (P < 0.001), low genotyping calling rates (<95%) or low
minor-allele frequencies (<1%). We retained 308,846 SNPs for analysis. Call
rates in the CNV370-Duo and the HAP300 arrays were 99.6% and 99.7%,
respectively. Two individuals were genotyped twice using the Illumina Human
CNV370-Duo array and the concordance rate was 99.75%. Genomic control
Age was 1.00, 1.01, 1.00 and 1.00 for control adults, control children, obese
adults and obese children, respectively.

We used TagMan assays to genotype all replication populations. These
were designed and carried out according to the manufacturer’s instructions
(AB assay numbers c-1932612-10 and ¢-27978210-10 for rs1387153 and
14240702, respectively). Call rate was at least 98% and no significant devi-
ation (P > 0.1) from Hardy-Weinberg equilibrium was observed in the
populations studied.
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Sequencing. The MTNRIB gene encodes a 362-amino-acid protein
(MIM600804). The two exons of MTNRIB were analyzed in five fragments.
Primer sequences and PCR conditions are available in Supplementary Table 6.
Fragments were sequenced using a standard protocol and the automated 3730x]
DNA Analyzer (Applied Biosystems). Electrophoregram reads were assembled
and analyzed with the Variant Reporter software (Applied Biosystems).

Expression analyses. For PCR amplification of cDNAs, we used commercial
cDNAs from the Human MTC panel I (BD Biosciences Clontech) and the
Human Adult Normal Tissue for retina and diencephalon (BioChain Institute).
cDNA samples were amplified by standard PCR using the Fast Start Taq (Roche
Applied Science). All reactions were run for 45 cycles. Primer sequences and
PCR conditions are detailed in the Supplementary Table 6. Each expression
was assessed in duplicates. The PCR products were electrophoresed on a 3%
agarose gel and visualised by ethidium bromide staining exposed to UV light.

For the cDNA reverse transcription analyses, we used RNA extracted from
the whole brain, small intestine and adipose tissue, which we obtained
from the Human Adult Normal 5 Donor Pool (BioChain Institute). cDNA
synthesis by reverse transcription was done using the MultiScribe Reverse
Transcriptase and random primers according to the manufacturer’s instructions
(Applied Biosystems).

We isolated pancreatic islets of Langerhans and sorted beta cells from adult
brain-dead donors in accordance with the French regulations and with the local
institutional ethical committee, as previously described?®. Briefly, pancreatic
islets were isolated after ductal distension of the pancreata and digestion of the
tissue with Liberase (Roche Diagnostics). Human beta cells were sorted by
FACS analysis of semi-purified preparations of islet cells using Newport Green,
a specific zinc-fluorescent probe®”.

Statistical analyses. We carried out GWA analysis using linear regression
models to test the association between FPG and genome-wide data, with
adjustment for age, gender and BMI in each subgroup, using PLINK?®. The
summary statistics were combined in the meta-analysis using the inverse
normal method with equal weight for each population. In this method,
P values of each study are transformed into their inverse normal z score and
the weighted sum, over all studies, is compared to a normal N(0,1), provided
the sum of squared weights equals 1. Bonferroni-adjusted P values were
obtained as P value x 308,846. SNPs available from HapMap but not directly
genotyped on the Illumina 370K mapping array were imputed (mean posterior
probability >0.91) using IMPUTE to study a region extending 100-kb on each
side of rs1387153. Association of these imputed SNPs with FPG levels was
assessed using SNPTEST?7-28 which uses a likelihood framework to account for
the uncertainty of genotype calling. In the replication studies, we analyzed the
effect of rs1387153 on FPG in nondiabetic individuals (FPG < 7 mmol/l) using
linear regression models. The estimates of the rs1387153 effect on FPG and
their standard errors for each separate analysis were combined in the meta-
analysis using the weighted inverse normal method, and the overall effect and
its confidence interval were estimated using the inverse variance method
implemented in ‘meta.summaries’ function of R RMETA package. No major
heterogeneity in effects was observed (P = 0.02) and when the Haguenau study
was removed, the P value for heterogeneity went up to 0.05. When including
the discovery cohorts into the overall meta-analysis, we used weights equal to
the sizes of the populations, because of an important difference in sample sizes
(for example, 22-fold between obese adults and NFBC86). The P value for
heterogeneity was 0.09. The effect of rs1387153 on diabetic status was tested
using a logistic regression model using the R mgcv package, adjusted for age,
sex and BML In the DESIR participants, we assessed the effect of rs1387153 on
hyperglycemia incidence with Cox proportional-hazards regression models,
adjusted for sex and BMI. Survival time was age at diagnosis or censoring. All
statistical analyses of the replication data were done with R (version 2.6.1),
combined with the survival, rmeta and mgcv packages.

URLs. DIAGRAM data, http://www.well.ox.ac.uk/DIAGRAM/meta.html; con-
servation across species data, http://www.bx.psu.edu/miller_lab/; eQTls data
from human lymphoblasts study, http://www.sph.umich.edu/csg/liang/asthma/;
eQTL data from the human cortical gene expression study, http://labs.med.
miami.edu/myers/; Homa2 calculator, www.dtu.ox.ac.uk/homa.
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Note: Supplementary information is available on the Nature Genetics website.
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