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subjects (3). Rosiglitazone, a peroxisome proliferator–
activated receptor-␥ (PPAR␥) agonist and insulin-sensitizing agent, has been shown to increase plasma adiponectin
levels in both diabetic and nondiabetic subjects, suggesting a role of PPAR␥ agonism in the modulation of adiponectin gene transcription (4).
The adiponectin gene localizes to human chromosome
3q27 (5), a region identified as a susceptibility locus for the
metabolic syndrome and type 2 diabetes in Caucasians (6).
Screening for this gene in Japanese (7) and Caucasian
populations (8) has uncovered ⬎10 single nucleotide polymorphisms (SNPs). Two of the SNPs (⫹45 and ⫹276) were
significantly associated with risk of type 2 diabetes in a
Japanese study (7) but not in a French population (8). In a
German study (9), the ⫹45 SNP was significantly associated
with obesity and insulin resistance among subjects with no
family history of diabetes. In a recent study (10), a haplotype
defined by the ⫹45 and ⫹276 SNPs was significantly associated with obesity and insulin resistance.
We conducted a prospective nested case-control study
of genetic variation in the adiponectin gene and risk of
type 2 diabetes in the Nurses’ Health Study. We also tested
a potential interaction between adiponectin genotypes and
PPAR␥ genotype based on PPAR␥’s role in the regulation
of adiponectin production and because the PPAR␥
Pro12Ala polymorphism has been associated with lower
risk of type 2 diabetes (11).

A

RESEARCH DESIGN AND METHODS

diponectin (also known as APM1, Acrp30, or
adipoQ) is a circulating protein that shares
significant similarities with collagens VIII and X
and complement protein C1q (1,2). Humans
with obesity, insulin resistance, or type 2 diabetes have
lower plasma levels of adiponectin than normal control

From the 1Department of Nutrition, Harvard School of Public Health, Boston,
Massachusetts; the 2Department of Epidemiology, Harvard School of Public
Health, Boston, Massachusetts; the 3Channing Laboratory, Department of
Medicine, Harvard Medical School and Brigham and Women’s Hospital,
Boston, Masachusetts; the 4Research Division, Joslin Diabetes Center, Department of Medicine, Harvard Medical School, Boston, Massachusetts; the
5
General Medicine Division, Department of Medicine, Massachusetts General
Hospital and Harvard Medical School, Boston, Massachusetts; and the 6Division of Preventive Medicine, Department of Medicine, Brigham and Women’s
Hospital and Harvard Medical School, Boston, Massachusetts.
Address correspondence and reprint requests to Dr. Frank Hu, Department
of Nutrition, Harvard School of Public Health, 665 Huntington Ave., Boston,
MA 02115. E-mail: frank.hu@channing.harvard.edu.
Received for publication 27 June 2003 and accepted in revised form 26
September 2003.
PPAR␥, peroxisome proliferator–activated receptor-␥; SNP, single nucleotide polymorphism.
© 2004 by the American Diabetes Association.
DIABETES, VOL. 53, JANUARY 2004

The details of the Nurses’ Health Study have been reported elsewhere (12).
Briefly, the cohort was established in 1976 when 121,700 female registered
nurses aged 30 –55 years and residing in 11 large U.S. states completed a
mailed questionnaire on their medical history and lifestyle. Every 2 years,
participant lifestyle factors, including smoking, menopausal status and postmenopausal hormone therapy, and body weight, have been updated by
validated questionnaires. Reported weights have been shown to correlate with
measured weights (r ⫽ 0.96) (13).
Samples for the present case-control study were selected from a subcohort
of 32,826 women who provided a blood sample between 1989 and 1990 and
were free from diabetes, cardiovascular disease, stroke, or cancer at the time
of blood collection. Incident cases were defined as self-reported diabetes
confirmed by a validated supplementary questionnaire and diagnosed at least
1 year after blood collection through 2000. The supplementary questionnaire
obtained information on symptoms, diagnostic tests, and hypoglycemic therapy used to define type 2 diabetes cases. Medical record review confirmed the
diagnosis of type 2 diabetes using this questionnaire for 98% of cases using the
National Diabetes Data Group criteria (14), verifying the validity of this
method (15). We used the American Diabetes Association diagnostic criteria
(16) for diagnosis of diabetes cases during the 1998 and 2000 cycles.
There were 642 incident cases diagnosed at least 1 year after blood
collection through 2000 that were matched to 995 control subjects who did not
report physician-diagnosed diabetes. For the cases diagnosed in 1996 or
earlier, two control subjects were matched to each case subject for age,
month and year of blood draw, and fasting status at blood draw. One of the
209
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Previous data suggesting that polymorphisms in the
adiponectin gene were associated with insulin resistance or type 2 diabetes have been inconsistent. We
assessed the relationship between five common haplotype-tagging single nucleotide polymorphisms (SNPs) in
the adiponectin gene (ⴚ11365C>G, ⴚ4034A>C,
ⴚ3964A>G, ⴙ45T>G, and ⴙ276G>T), haplotypes defined by these SNPs, and the risk of type 2 diabetes by
conducting a nested case-control study of 642 incident
cases of type 2 diabetes and 995 matching control
subjects in the Nurses’ Health Study. Overall, we did not
observe significant differences in genotype or allele
frequencies for the five SNPs between the case and
control subjects. After adjustment for diabetes risk
factors, the ⴚ4034 C/C genotype was associated with a
reduced risk of diabetes (odds ratio [OR] compared with
the A/A genotype ⴝ 0.70, 95% CI 0.50 – 0.99, P ⴝ 0.04).
In subgroup analyses, the ⴙ276 genotype was significantly associated with diabetes risk only among subjects with peroxisome proliferator–activated receptor-␥
(PPAR␥) variant 12Ala allele (OR comparing ⴙ276 T
alleles with the G/G genotype ⴝ 1.69, 1.04 –2.75, P ⴝ
0.035) or among obese subjects (1.46, 1.03–2.08, P ⴝ
0.03). These data suggest a potential interaction between the adiponectin genotype and PPAR␥ genotype or
obesity, but these analyses should be considered exploratory and require further investigation in larger studies. Diabetes 53:209 –213, 2004
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RESULTS

Characteristics of the case and control subjects are presented in Table 1. The baseline plasma concentrations of
fasting insulin, C-peptide, and proinsulin were significantly
higher in case than control subjects.
Overall, there were no statistically significant differences in the distribution of genotypes comparing case with
control subjects (Table 2). Individual SNPs at positions
⫹45 and ⫹276 were not associated with risk of diabetes.
The haplotype defined by these two SNPs was also not
associated with diabetes risk (data not shown). For the
⫺4034 SNP, there was a suggestion of lower diabetes risk
among subjects with the C/C genotype compared with
those with the A/A genotype (OR ⫽ 0.70, 95% CI 0.50 – 0.99,
P ⫽ 0.04), but the A/C genotype was not associated with
diabetes risk. The OR of diabetes comparing subjects with
the C/C genotype with those with the A allele was 0.77
(0.56 –1.04).
In stratified analyses (Table 3), subjects with the T allele
(G/T or T/T genotype) at position ⫹276 had a significantly
increased risk of type 2 diabetes compared with subjects
with G/G genotype among subjects with the PPAR␥ alanine allele (OR ⫽ 1.69, 95% CI 1.04 –2.75, P ⫽ 0.035), but
not among subjects with PPAR␥ proline allele (P for
interaction ⫽ 0.14). Women with both the ⫹276 G/G
genotype and the PPAR␥ alanine allele had a lower risk of
diabetes (0.56, 0.38 – 0.83) compared with women with
both the adiponectin ⫹276 T allele and the PPAR␥ Pro/Pro
genotype. Likewise, among obese subjects the ⫹276 T
210

TABLE 1
A comparison of diabetes risk factors between case and control
subjects*
Case
subjects
n
Age (years)
BMI (kg/m2)
Physical activity
(metabolic equivalent
hours/week)
Alcohol intake (g/day)
Waist circumference (in)
Ethnicity (Caucasian)
Current smoker
Postmenopausal status
Family history of
diabetes (first-degree
relatives)
History of hypertension
History of high
cholesterol
Biomarkers†
Insulin (U/ml)
C-peptide (pm/ml)
Proinsulin (fmol/ml)

642
54.51 ⫾ 6.83
30.45 ⫾ 5.62

Control
subjects
995
54.40 ⫾ 6.81
27.22 ⫾ 5.78

P
0.74
⬍0.001

12.40 ⫾ 15.31 14.97 ⫾ 17.98 0.002
3.68 ⫾ 6.93
6.07 ⫾ 9.30 ⬍0.001
35.48 ⫾ 4.94 32.13 ⫾ 4.87 ⬍0.001
94.8
95.8
0.39
13.9
12.4
0.38
75.7
74.1
0.46
47.5
48.6

22.1
28.6

32.4

24.5

13.67 ⫾ 9.08 10.55 ⫾ 6.22
0.99 ⫾ 0.70
0.61 ⫾ 0.40
26.51 ⫾ 22.14 11.69 ⫾ 8.88

⬍0.001
⬍0.001
0.0005
⬍0.001
⬍0.001
⬍0.001

Data are means ⫾ SD or percent. *Case and control subjects were
matched for age, fasting status, and race. †The biomarker analyses
included 432 case and 398 control subjects.

allele was associated with increased risk of diabetes
compared with those with the G/G genotype (1.46, 1.03–
2.08, P ⫽ 0.03), but this association was not observed
among nonobese subjects (P for interaction ⫽ 0.10).
Adjustment for PPAR␥ genotype did not affect these
results.
Table 4 presents the frequencies of the six common
haplotypes defined by the five SNPs for all case and
control subjects and for subjects with the PPAR␥ alanine
allele or obesity. Overall, there were no significant differences in haplotype frequencies between case and control
subjects (P ⫽ 0.51). When stratified by PPAR␥ Pro12Ala
genotype or obesity, there were no significant differences
in overall haplotype frequencies between case and control
subjects for PPAR␥ 12Pro allele carriers or nonobese
subjects (data not shown). There was a suggestion of an
overall difference in hapolotype frequencies between case
and control subjects among obese subjects (P ⫽ 0.06). The
difference was primarily due to excess frequency for the
C-A-G-T-G haplotype (a subhaplotype of the ⫹45/⫹276 T-G
haplotype) and lower frequency for the G-A-A-T-T haplotype in case subjects compared with the control subjects.
However, tests for the differences for these individual
haplotypes between case and control subjects did not
reach statistical significance (data not shown).
Among the control subjects, none of the individual SNPs
in the adiponectin gene were significantly associated with
variation in levels of fasting insulin, C-peptide, or proinsulin (data not shown). The prevalence of obesity (BMI ⱖ30
kg/m2) was higher among carriers of the ⫹45 T allele
compared with the G allele (31 vs. 23%, P ⫽ 0.047), and the
haplotype defined by ⫹45 T and ⫹276 G was associated
with a significantly higher prevalence of obesity (35 vs.
27%, P ⫽ 0.027). However, this haplotype was not associDIABETES, VOL. 53, JANUARY 2004
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two control subjects was also matched according to BMI (⫾1 kg/m2). For the
cases diagnosed after 1996, one control subject was matched to each case
subject for age, month and year of blood draw, and fasting status, and an
additional control subject was also matched for BMI for cases in the top BMI
decile, for better control of obesity.
DNA was extracted from the buffy coat fraction of centrifuged blood using
the QIAmp Blood Kit (Qiagen, Chatsworth, CA). Four SNPs (⫺11365C⬎G,
⫺4034A⬎C, ⫹45T⬎G, and ⫹276G⬎T) were chosen for genotyping based on
their ability to tag all common haplotypes at the adiponectin locus; these
common haplotypes (frequency ⬎5%) account for ⬎70% of the haplotypes at
this locus (10). Another SNP (⫺3964A⬎G) was selected because of its lack of
strong linkage disequilibrium with the four haplotype-tagging SNPs. The
primary genotyping technique was Taqman SNP allelic discrimination by
means of an ABI 7900HT (Applied Biosystems, Foster City, CA). Genotype
frequencies for all SNPs were found to be in Hardy-Weinberg equilibrium (P ⬎
0.05).
Plasma insulin, C-peptide, and proinsulin were determined by radioimmunoassay using a commercial kit (Linco Research, St. Charles, MO). Ten
percent of the samples assayed were redundant samples included for quality
control. Within-individual coefficients of variation among the redundant
samples were 13.9, 6.9, and 7.3% for insulin, C-peptide, and proinsulin,
respectively.
Genotype and allele frequencies between case and control subjects were
compared using 2 tests. Odds ratios (ORs) were determined using unconditional multivariate logistic regression adjusting for type 2 diabetes risk factors
assessed in the 1988 cycle, including age (5-year categories), physical activity
(⬍1.5, 1.5–5.9, 6.0 –11.9, 12–20.9, and ⱖ21.0 metabolic equivalent hours/week),
smoking (never, past, and current [⬍15, 15–24, or ⱖ25 cigarettes/day]),
alcohol intake (nondrinker and drinker [0.1– 4.9, 5–10, or ⬎10 g/day]), and BMI
(⬍23, 23–24.9, 25–29.9, 30 –34.9, or ⱖ35 kg/m2). Interactions between adiponectin genotypes and PPAR␥ Pro12Ala genotype (Pro/Pro, Pro/Ala⫹Ala/
Ala) and obesity (BMI ⬍30, ⱖ30 kg/m2) were assessed using a likelihood ratio
test.
Haplotype frequencies were estimated by SAS/Genetics using the expectation-maximization algorithm (17). We used 2 tests to examine whether
overall haplotype frequencies were significantly different between case and
control subjects. These analyses were repeated for strata defined by PPAR␥
Pro12Ala genotype (Pro/Pro, Pro/Ala⫹Ala/Ala) and obesity (BMI ⬍30, ⱖ30
kg/m2).
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TABLE 2
Associations between SNPs in adiponectin gene and risk of type 2 diabetes

SNP-11365
SNP-4034
SNP-3964
SNP ⫹ 45
SNP ⫹ 276

Control subjects

Unadjusted OR

Multivariate OR*

357 (55.6)
244 (38.0)
41 (6.4)
292 (45.5)
280 (43.6)
70 (10.9)
440 (68.5)
177 (27.6)
25 (3.9)
518 (80.7)
124 (19.3)
322 (50.2)
266 (41.4)
54 (8.4)

557 (56.0)
379 (38.1)
59 (5.9)
418 (42.0)
439 (44.1)
138 (13.9)
633 (63.6)
331 (33.3)
31 (3.1)
785 (78.9)
210 (21.1)
523 (52.6)
399 (40.1)
73 (7.3)

1.0
1.00 (0.81–1.23)
1.08 (0.71–1.64)
1.0
0.92 (0.74–1.13)
0.73 (0.53–1.01)
1.0
0.78 (0.63–0.97)
1.16 (0.68–2.00)
1.0
0.90 (0.70–1.15)
1.0
1.08 (0.88–1.34)
1.20 (0.82–1.75)

1.0
1.01 (0.81–1.27)
1.02 (0.65–1.59)
1.0
0.96 (0.76–1.20)
0.70 (0.50–0.99)
1.0
0.79 (0.62–1.00)
1.20 (0.67–2.13)
1.0
0.91 (0.70–1.19)
1.0
1.16 (0.93–1.45)
1.22 (0.81–1.82)

C/C
C/G
G/G
A/A
A/C
C/C
A/A
A/G
G/G
T/T
T/G ⫹ G/G
G/G
G/T
T/T

Data are n (%) or OR (95% CI). *Adjusted for age (5-year categories), alcohol consumption (nondrinkers, 0 – 4.9, 5–10, or ⬎10 g/day), physical
activity (quintiles of metabolic equivalent hours/week), smoking (never, past, and current smoker of 1–14, 15–24, and ⱖ25 cigarettes/day),
and BMI (⬍23, 23–24.9, 25–29.9, 30 –34.9, and ⱖ35 kg/m2).

ated with elevated fasting insulin or C-peptide levels.
Subjects with the PPAR␥ 12Ala allele and the adiponectin
⫹276 G/G allele, who had a significantly lower risk of type
2 diabetes compared with subjects with the PPAR␥ Pro
allele and the adiponectin ⫹276 C allele, had slightly lower
levels of fasting insulin (12.0 vs. 14.1 U/ml, P ⫽ 0.06).
DISCUSSION

Our data do not suggest an important role of adiponectin
SNPs or haplotypes in the development of type 2 diabetes in
Caucasian women. Subgroup analyses suggest a significant
association between SNP ⫹276 and risk of diabetes among
PPAR␥ alanine allele carriers or among obese subjects.
Although biologically plausible, these interaction tests had
limited power and should be considered exploratory.
Prior data on adiponectin gene variation and risk of type
2 diabetes have been inconsistent. In a Japanese study (7)

that included 384 type 2 diabetic subjects and 480 nondiabetic control subjects, subjects with the G/G genotype at
position ⫹45 or the G/G genotype at position ⫹276 had a
significantly increased risk of diabetes compared with
those with the T/T genotype at these loci. In a study
conducted in Germany (9), subjects with G/G ⫹ G/T
genotypes at position ⫹45 had higher BMI and lower
insulin sensitivity, but these associations were significant
only among subjects without a family history of diabetes,
not among those with a family history of diabetes. Recently, Menzaghi et al. (10) reported that a haplotype
defined by the ⫹45 and ⫹276 SNPs was associated with
several components of the insulin resistance syndrome.
However, neither the two individual SNPs nor their haplotype were associated with risk of type 2 diabetes.
Similarly, a study conducted in French Caucasian families
(8) did not detect any significant associations between

TABLE 3
The association between adiponectin ⫹276 and risk of type 2 diabetes according to PPAR␥ genotype and obesity

PPAR␥ Pro/Pro
SNP ⫹276
G/G
G/T ⫹ T/T
PPAR␥ Ala
SNP ⫹276
G/G
G/T ⫹ T/T
BMI ⬍30 kg/m2
SNP ⫹276
G/G
G/T ⫹ T/T
BMI ⱖ30 kg/m2
SNP ⫹276
G/G
G/T ⫹ T/T

Case subjects

Control subjects

OR (95% CI)

P for interaction

269 (52.2)
246 (47.8)

392 (52.6)
354 (47.5)

1.0*
1.09 (0.86–1.39)*

0.14

51 (40.8)
74 (59.2)

127 (52.1)
117 (48.0)

1.0*
1.69 (1.04–2.75)*

172 (51.5)
161 (48.4)

372 (51.5)
350 (48.5)

1.0†
1.04 (0.79–1.36)†

143 (48.6)
151 (51.4)

143 (56.1)
112 (43.9)

1.0†
1.46 (1.03–1.08)†

0.10

Data are n (%) unless otherwise indicated. The number of case and control subjects in these analyses was less than the overall study due
to missing data on PPAR␥ genotype or obesity. *Adjusted for age (5-year categories), alcohol consumption (nondrinkers, 0 – 4.9, 5–10, or ⱖ10
g/day), physical activity (quintiles of metabolic equivalent hours/week), smoking (never, past, and current smoker of 1–14, 15–24, and ⱖ25
cigarettes/day), and BMI (⬍23, 23–24.9, 25–29.9, 30 –34.9, and ⱖ35 kg/m2). †Adjusted for age (5-year categories), alcohol consumption
(nondrinkers, 0 – 4.9, 5–10, or ⱖ10 g/day), physical activity (quintiles of metabolic equivalent hours/week), and smoking (never, past, and
current smoker of 1–14, 15–24, and ⱖ25 cigarettes/day).
DIABETES, VOL. 53, JANUARY 2004
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Case subjects

ADIPONECTIN LOCUS AND DIABETES

TABLE 4
Haplotype frequency difference between case and control subjects for all subjects, subjects with the PPAR␥12 Ala allele, and obese
subjects
Total
Case
subjects

Inferred haplotypes
⫺11365

C
C
C
G
C
C
All others
P

PPAR␥ 12 Ala allele

Control subjects

Case
subjects

Control subjects

Obese subjects
Case
subjects

Control subjects

⫺4034 ⫺3964 ⫹45 ⫹276 (642 ⫻ 2 ⫽ 1284)* (995 ⫻ 2 ⫽ 1990) (125 ⫻ 2 ⫽ 250) (244 ⫻ 2 ⫽ 488) (286 ⫻ 2 ⫽ 572) (241 ⫻ 2 ⫽ 482)

A
A
A
A
C
A

A
G
A
A
A
G

T
T
G
T
T
T

G
G
G
T
G
T

21%
20%
16%
12%
9%
5%
17%

21%
19%
15%
13%
8%
5%
19%

23%
19%
16%
10%
8%
11%
13%

0.51

20%
17%
15%
13%
11%
7%
17%
0.11

21%
21%
16%
10%
9%
7%
16%

24%
16%
14%
15%
7%
7%
17%
0.06

these two SNPs and risk of type 2 diabetes, although it
suggested a possible association with two other SNPs
(⫺11391G⬎A and ⫺11377C⬎G).
Consistent with the analysis by Menzaghi et al. (10), we
found that the ⫹45/⫹276 haplotype was associated with a
greater prevalence of obesity. However, we did not observe an association between the haplotype and fasting
insulin levels. These results suggest that the ⫹45 or ⫹276
SNPs in the adiponectin gene are unlikely to play a major
role in the development of diabetes in Caucasians.
Our study suggests a possible interaction between SNPs
in the adiponectin and PPAR␥ genes on diabetes risk. We
found that subjects with the 12Ala allele and the adiponectin ⫹276 G/G allele had a lower risk of type 2 diabetes.
Although the exact biological basis for the finding is
unclear, this combination appeared to be associated with
somewhat lower fasting insulin levels among control subjects. One limitation of our study is that we did not
measure plasma levels of adiponectin.
In conclusion, we did not detect important associations
between the five individual SNPs in the adiponectin gene,
or common haplotypes defined by these SNPs, and risk of
type 2 diabetes. There was a suggestion of interaction
between the ⫹276 genotype and the PPAR␥ Pro12Ala
polymorphism or obesity on risk of type 2 diabetes, but
these results were not a primary aim of the analysis, need
to be interpreted with caution, and should be replicated in
future studies with much larger samples. Although adiponectin protein has consistent and robust associations
with many metabolic and diabetes traits, the biological
effects of this protein are not evidently mediated through
genetic mechanisms.
ACKNOWLEDGMENTS

This work was supported by the National Institutes of
Health research grants CA87969, DK58845, and DK55523.
A.D. is partly supported by a Grant-in-Aid from the American Heart Association. J.B.M. is supported by an American Diabetes Association Career Development Award.
We are indebted to the participants in the Nurses’ Health
Study for their cooperation and to Jeanne Sparrow for
laboratory assistance.
212

REFERENCES
1. Scherer PE, Williams S, Fogliano M, Baldini G, Lodish HF: A novel serum
protein similar to C1q, produced exclusively in adipocytes. J Biol Chem
270:26746 –26749, 1995
2. Hu E, Liang P, Spiegelman BM: AdipoQ is a novel adipose-specific gene
dysregulated in obesity. J Biol Chem 271:10697–10703, 1996
3. Havel PJ: Control of energy homeostasis and insulin action by adipocyte
hormones: leptin, acylation stimulating protein, and adiponectin. Curr
Opin Lipidol 13:51–59, 2002
4. Yang WS, Jeng CY, Wu TJ, Tanaka S, Funahashi T, Matsuzawa Y, Wang JP,
Chen CL, Tai TY, Chuang LM: Synthetic peroxisome proliferator–activated
receptor-␥ agonist, rosiglitazone, increases plasma levels of adiponectin in
type 2 diabetic patients. Diabetes Care 25:376 –380, 2002
5. Takahashi M, Arita Y, Yamagata K, Matsukawa Y, Okutomi K, Horie M,
Shimomura I, Hotta K, Kuriyama H, Kihara S, Nakamura T, Yamashita S,
Funahashi T, Matsuzawa Y: Genomic structure and mutations in adiposespecific gene, adiponectin. Int J Obes Relat Metab Disord 24:861– 868, 2000
6. Kissebah AH, Sonnenberg GE, Myklebust J, Goldstein M, Broman K, James
RG, Marks JA, Krakower GR, Jacob HJ, Weber J, Martin L, Blangero J,
Comuzzie AG: Quantitative trait loci on chromosomes 3 and 17 influence
phenotypes of the metabolic syndrome. Proc Natl Acad Sci U S A
97:14478 –14483, 2000
7. Hara K, Boutin P, Mori Y, Tobe K, Dina C, Yasuda K, Yamauchi T, Otabe S,
Okada T, Eto K, Kadowaki H, Hagura R, Akanuma Y, Yazaki Y, Nagai R,
Taniyama M, Matsubara K, Yoda M, Nakano Y, Tomita M, Kimura S, Ito C,
Froguel P, Kadowaki T: Genetic variation in the gene encoding adiponectin
is associated with an increased risk of type 2 diabetes in the Japanese
population. Diabetes 51:536 –540, 2002
8. Vasseur F, Helbecque N, Dina C, Lobbens S, Delannoy V, Gaget S, Boutin
P, Vaxillaire M, Lepretre F, Dupont S, Hara K, Clement K, Bihain B,
Kadowaki T, Froguel P: Single-nucleotide polymorphism haplotypes in the
both proximal promoter and exon 3 of the APM1 gene modulate adipocytesecreted adiponectin hormone levels and contribute to the genetic risk for
type 2 diabetes in French Caucasians. Hum Mol Genet 11:2607–2614, 2002
9. Stumvoll M, Tschritter O, Fritsche A, Staiger H, Renn W, Weisser M,
Machicao F, Haring H: Association of the T-g polymorphism in adiponectin
(exon 2) with obesity and insulin sensitivity: interaction with family
history of type 2 diabetes. Diabetes 51:37– 41, 2002
10. Menzaghi C, Ercolino T, Di Paola R, Berg AH, Warram JH, Scherer PE,
Trischitta V, Doria A: A haplotype at the adiponectin locus is associated
with obesity and other features of the insulin resistance syndrome.
Diabetes 51:2306 –2312, 2002
11. Altshuler D, Hirschhorn JN, Klannemark M, Lindgren CM, Vohl MC,
Nemesh J, Lane CR, Schaffner SF, Bolk S, Brewer C, Tuomi T, Gaudet D,
Hudson TJ, Daly M, Groop L, Lander ES: The common PPARgamma
Pro12Ala polymorphism is associated with decreased risk of type 2
diabetes. Nat Genet 26:76 – 80, 2000
12. Colditz GA, Manson JE, Hankinson SE: The Nurses’ Health Study: 20-year
contribution to the understanding of health among women. J Womens
Health 6:49 – 62, 1997
13. Manson JE, Willett WC, Stampfer MJ, Colditz GA, Hunter DJ, Hankinson
SE, Hennekens CH, Speizer FE: Body weight and mortality among women.
N Engl J Med 333:677– 685, 1995
DIABETES, VOL. 53, JANUARY 2004

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/53/1/209/375575/zdb00104000209.pdf by guest on 30 June 2022

*The number of chromosomes ⫽ n subjects ⫻ 2.

F.B. HU AND ASSOCIATES

14. National Diabetes Data Group: Classification and diagnosis of diabetes
mellitus and other categories of glucose intolerance. Diabetes 28:1039 –
1057, 1979
15. Manson JE, Colditz GA, Stampfer MJ, Willett WC, Krolewski AS, Rosner B,
Arky RA, Speizer FE, Hennekens CH: A prospective study of maturityonset diabetes mellitus and risk of coronary heart disease and stroke in

women. Arch Intern Med 151:1141–1147, 1991
16. The Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus: Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus (Position Statement). Diabetes Care 20:1183–
1197, 1997
17. SAS Institute: SAS/Genetics User’s Guide. Cary, NC, SAS Institute, 2002

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/53/1/209/375575/zdb00104000209.pdf by guest on 30 June 2022

DIABETES, VOL. 53, JANUARY 2004

213

