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Decreased Fasting and Oral Glucose Stimulated
C-peptide in Nondiabetic Subjects With Sequence
Variants in the Sulfonylurea Receptor 1 Gene
S. John Weisnagel,1 Tuomo Rankinen,2 André Nadeau,3 D.C. Rao,4 Yvon C. Chagnon,1
Louis Pérusse,1 and Claude Bouchard2

The high-affinity sulfonylurea receptor 1 (SUR1) plays
an important role in regulating insulin secretion. In the
Québec Family Study, we genotyped 731 individuals (685
nondiabetic [ND] subjects) for the SUR1 gene IVS15-3c3t
and exon 18 Thr759(ACC3 ACT) polymorphisms using
polymerase chain reaction–restriction fragment-length
polymorphism analysis. Phenotypes measured were fasting plasma glucose (GLU), fasting plasma insulin (INS),
and fasting C-peptide (CPEP), as well as oral glucose
tolerance test (OGTT) responses; they were adjusted for
age, sex, waist circumference, and the sum of six skinfold
thicknesses. In ND subjects, exon 18 Thr759(ACC3 ACT)
T allele carriers (Tⴙ) had lower CPEP (P ⴝ 0.022,
ⴚ12.8%) and acute C-peptide responses (area above basal
in first 30 min [CP30]) (P ⴝ 0.051, ⴚ12.4%) than noncarriers (T–). Also, in those with the cT/tC haplotype (from
both IVS15-3c3t and exon 18 Thr759[ACC3 ACT] polymorphisms), CPEP (P ⴝ 0.005, ⴚ21.2%), CP30 (P ⴝ
0.034, ⴚ19.2%), and total C-peptide responses (P ⴝ
0.016, ⴚ20.2%) were lower than that in cT– subjects. In
overweight individuals (BMI >25 kg/m2), differences
between carriers and noncarriers of the T or cT alleles
were greater for GLU (P ⴝ 0.023– 0.034), CPEP (P ⴝ
0.021– 0.015), acute OGTT insulin response (P ⴝ 0.014 –
0.019), and CP30 (P ⴝ 0.034 – 0.019). These results
suggest that the T and cT allele variants are associated
with lower insulin secretion parameters, particularly in
female and overweight subjects, adding evidence to the
role of SUR1 sequence variants in decreased insulin
secretion. Diabetes 50:697–702, 2001
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CP30, OGTT C-peptide area above basal in first 30 min; CPEP, fasting
plasma C-peptide; CPtot, OGTT C-peptide area above basal over 180 min;
GLU, fasting plasma glucose; IN30, OGTT insulin area above basal in first 30
min; INS, fasting plasma insulin; IRI, immunoreactive insulin; ND, nondiabetic; OGTT, oral glucose tolerance test; PCR, polymerase chain reaction; PI,
proinsulin; QFS, Québec Family Study; SF6; sum of six skinfold thicknesses;
SUR1, sulfonylurea receptor 1; WC, waist circumference.
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ype 2 diabetes has been shown to have a strong
hereditary basis (1,2); however, the major genes
for the common late-onset type have not yet
been clearly identified (3). Because impaired
insulin secretion plays a critical role in the pathogenesis of
the disease (4), genes that encode major elements involved in insulin secretion are good candidates for evaluating genetic susceptibility to type 2 diabetes (3).
A central component in glucose-induced insulin secretion is the ATP-sensitive potassium (KATP) channel of the
␤-cell. Increasing ATP generated by intracellular glucose
metabolism leads to the closing of these channels, membrane depolarization, the opening of voltage-gated calcium
channels with influx of calcium, and exocytosis of insulin
(5). The KATP channel is composed of the high-affinity
sulfonylurea receptor (SUR1) and Kir6.2, a member of the
inwardly rectifying ion channel family (6). Pathological
regulation of insulin secretion has been demonstrated in
studies of persistent hyperinsulinemic hypoglycemia of
infancy, a rare autosomal recessive disease in which
mutations in the nucleotide-binding fold-2 region of the
SUR1 gene have been found (7).
In type 2 diabetes, association studies in diabetic populations have been positive, with the IVS15-3c3t and exon
18 Thr759(ACC3 ACT) variants of the SUR1 gene being
found more frequently in Danish (8), U.S., U.K. (9), and
French Caucasian (10) diabetic individuals, and the IVS153c3t variant alone found more frequently in Dutch Caucasian diabetic subjects (11). However, results in Japanese
populations have been negative (12). Few studies have
reported on the physiological impact of SUR1 gene sequence variants. A Danish group demonstrated decreased
tolbutamide-stimulated insulin secretion in normal glucose-tolerant carriers of the above intron 15 and exon 18
variants (8). Another group recently reported an association of the IVS15-3c3t variant with lower second-phase
insulin secretion in Dutch nondiabetic (ND) individuals
(13).
The present study was thus undertaken to examine
the role of the SUR1 IVS15-3c3t and exon 18 Thr759
(ACC3 ACT) polymorphisms and their haplotypes on glucose metabolism in French-Canadian Caucasians of the
Québec Family Study (QFS).
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TABLE 1
Glucose tolerance status in QFS
Sex
Men
All subjects
Nondiabetic
Diabetic
Total
OGTT subjects
Normal glucose tolerance
Impaired glucose tolerance
and impaired fasting
glucose
Diabetic
Total

Women

Total

294 (40.4) 391 (53.7) 685 (94.1)
22 (3.0)
21 (2.9)
43 (5.9)
316 (43.4) 412 (56.6) 728 (100)
194 (34.2) 260 (45.9) 454 (80.0)
41 (7.2)
48 (8.5)
89 (15.7)
15 (2.6)
9 (1.6)
24 (4.2)
250 (44.1) 317 (55.9) 567 (100)

Data are n (%).

There were only 43 diabetic subjects in QFS (Table 1).
Unadjusted baseline data for the 685 ND subjects are
presented in Table 2. In unrelated individuals from the
parental generation (n ⫽ 259), the IVS15-3c3t polymorphism frequencies were 56% for the c allele and 44% for the
t variant; and for the exon 18 Thr759(ACC3 ACT) polymorphism, the frequencies were 95.8% for the C allele and
4.2% for the T variant. These frequencies are similar to
those reported in ND Caucasians (8,9,11). No carriers of
the rarer exon 18 Thr759(ACC3 ACT) T allele (T⫹) were
found among diabetic subjects, and IVS15-3c3t polymorphism frequencies were similar in diabetic and ND
subjects (data not shown). Genotypes were in HardyWeinberg equilibrium and the two polymorphisms were in
strong linkage disequilibrium (2 ⫽ 28.4, P ⬍ 0.0001).
In ND subjects, the T⫹ group had significantly lower
values than noncarriers (T–) with regard to fasting plasma
C-peptide (CPEP) and acute oral glucose tolerance test
(OGTT) C-peptide response, defined as the area above
basal in the first 30 minutes (CP30) (Fig. 1). The cT/tC
double heterozygotes had even lower values than all cT–
haplotypes with regard to CPEP, CP30, and total OGTT
C-peptide response (area above basal over 180 min) (CPtot). Trends were seen for lower values in the T⫹ group
than in the T– group with regard to acute OGTT insulin
response (IN30), the area above basal in the first 30 min
(P ⫽ 0.063, ⫺14.4%). Results were independent of age, sex,
and adiposity.
In women, CPEP and CP30 were significantly decreased
in the T⫹ group compared with the T– group and in the
cT/tC group compared with the cT– group (Table 3). CPtot
followed the same pattern in cT/tC carriers. In men, fasting
TABLE 2
Baseline values in nondiabetic QFS population
Phenotype
Age (years)
BMI (kg/m2)
Waist circumference (cm)
Sum of six skinfolds (cm)
Waist-to-hip ratio
Fasting glucose (mmol/l)*
Fasting insulin (pmol/l)*
Fasting C-peptide (pmol/l)*
* Fasting plasma measurements.
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n

Mean (range)

685
677
656
649
648
684
612
573

42.0 (17–92)
26.1 (16.8–64.9)
84.8 (57.9–164)
105 (23.5–448)
0.90 (0.56–1.19)
4.96 (3.20–6.90)
54.4 (1.0–350)
646 (178–3143)

FIG. 1. Fasting plasma C-peptide and OGTT C-peptide responses in
relation to exon 18 Thr759(ACC3 ACT) genotype and IVS15-3c3t/
exon 18 Thr759(ACC3 ACT) haplotype in ND subjects overall in QFS.
Results given are back-transformed least-square means ⴙ SE from the
general linear model multiple regression procedure, adjusting for age,
age2, age3, sex, WC, and SF6; *0.06 > P > 0.05; **0.05 > P > 0.01;
c兾 0.01 > P > 0.001 for comparisons with exon 18 Thr759(ACC3 ACT)
T allele carriers or the cT/tC haplotype. Numbers given are those for
each subgroup.

plasma glucose (GLU) was higher (P ⫽ 0.034, ⫹4.2%), and
IN30 tended to be lower (P ⫽ 0.074, ⫺19.6%) in the T⫹
group than in T– subjects.
In younger subjects (ⱕ45 years old), CPEP was lower in
the T⫹ group than in the T– group (P ⫽ 0.026, ⫺16.1%) and
in the cT/tC group compared with the cT– group (P ⫽
0.045, ⫺22.4%). IN30 tended to be lower in the T⫹ group
than in T– subjects (P ⫽ 0.080, ⫺17.6%). CP30 was lower in
T⫹ subjects than in T– subjects (P ⫽ 0.058, ⫺15.6%), and
CPtot was decreased in the cT/tC carriers when compared
with the cT– group (P ⫽ 0.034, ⫺25.0%).
With higher BMI, differences between genotype groups
increased (Fig. 2). In those with BMI ⬎25 kg/m2, the T⫹
subjects had higher GLU (⫹4.6%) and lower CPEP
(⫺18.1%), IN30 (⫺26.6%), and CP30 (⫺19.2%) than T–
subjects. The cT/tC group had even higher GLU (⫹5.9%)
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Data are least-square means ⫾ SE. GL30, OGTT glucose area above basal in the first 30 min; GLtot, OGTT glucose area above basal over 180 min; INtot, OGTT insulin area above basal
over 180 min. * P ⬍ 0.05 and † P ⬍ 0.01 for comparisons between T⫹ and T⫺ genotype or cT/tC and cT⫺ haplotype subgroups.

10–13
5.00 ⫾ 0.13
54.5 ⫾ 10.3
471 ⴞ 55†
194 ⫾ 7.8
1,050 ⫾ 60
7.02 ⫾ 1.26
51.3 ⫾ 8.1
32.9 ⴞ 4.8*
324 ⴞ 43*
14
4.93 ⫾ 0.12
48.7 ⫾ 8.6
615 ⴞ 67
192 ⫾ 6.6
1,110 ⫾ 60
7.75 ⫾ 1.17
69.1 ⫾ 9.2
40.6 ⴞ 5.0
455 ⴞ 51
270–338
4.96 ⫾ 0.03
54.8 ⫾ 2.5
667 ⴞ 20
199 ⫾ 1.9
1,141 ⫾ 20
8.24 ⫾ 0.34
64.3 ⫾ 2.4
44.9 ⴞ 1.6
442 ⴞ 14
24–27
4.96 ⫾ 0.09
51.4 ⫾ 6.7
542 ⴞ 44*
193 ⫾ 5.2
1,080 ⫾ 40
7.45 ⫾ 0.89
61.1 ⫾ 6.1
37.2 ⴞ 3.6*
394 ⫾ 34
271–340
4.96 ⫾ 0.03
55.0 ⫾ 2.6
666 ⴞ 20
200 ⫾ 1.9
1,140 ⫾ 20
8.29 ⫾ 0.35
64.4 ⫾ 2.4
45.0 ⴞ 1.6
442 ⫾ 14
9–12
5.22 ⫾ 0.14
51.5 ⫾ 10.8
557 ⫾ 72
215 ⫾ 8.7
1,180 ⫾ 70
6.95 ⫾ 1.25
61.2 ⫾ 9.6
39.2 ⫾ 5.7
356 ⫾ 49
10
5.05 ⫾ 0.15
46.9 ⫾ 9.9
626 ⫾ 82
207 ⫾ 8.4
1,080 ⫾ 60
6.72 ⫾ 1.22
49.1 ⫾ 7.8
44.7 ⫾ 6.6
370 ⫾ 49
21–24
5.18 ⴞ 0.10*
48.5 ⫾ 7.0
588 ⫾ 53
208 ⫾ 6.0
1,120 ⫾ 50
6.67 ⫾ 0.83
56.2 ⫾ 6.1
40.9 ⫾ 4.1
370 ⫾ 35
n
GLU (mmol/l)
INS (pmol/l)
CPEP (pmol/l)
GL30 (mmol/l ⫻ min)
GLtot (mmol/l ⫻ min)
IN30 (103 pmol/l ⫻ min)
INtot (103 pmol/l ⫻ min)
CP30 (103 pmol/l ⫻ min)
CPtot (103 pmol/l ⫻ min)

207–266
4.97 ⴞ 0.04
51.2 ⫾ 3.0
621 ⫾ 23
212 ⫾ 2.5
1,180 ⫾ 20
8.29 ⫾ 0.43
66.0 ⫾ 3.0
43.9 ⫾ 1.9
409 ⫾ 16

203–262
4.96 ⫾ 0.04
51.1 ⫾ 3.0
621 ⫾ 23
212 ⫾ 2.5
1,170 ⫾ 20
8.34 ⫾ 0.40
65.6 ⫾ 3.0
44.0 ⫾ 1.9
406 ⫾ 16

Women
cT–
T⫹
T–
cT/tC
cT/cC
Men
cT–
T⫹
T–
Phenotype

TABLE 3
Results in nondiabetic men and women for exon 18 Thr759(ACC3 ACT) genotypes and IVS15-3c3t/exon 18 Thr759(ACC3 ACT) haplotypes

cT/cC

cT/tC

S.J. WEISNAGEL AND ASSOCIATES

and lower CPEP (⫺24.8%), IN30 (⫺33.9%), and CP30
(⫺28.6%) values than the cT– groups.
No significant differences between IVS15-3c3t genotypes were seen, and fasting plasma insulin (INS), OGTT
glucose responses, and total insulin response were similar
among the different genotypes (data not shown).
After taking into account independent family effects by
adding a covariate for family membership in the analysis
of variance for the above phenotypes, we found that the
results were only modestly modified. For the overall
cohort, P values for differences between T⫹ and T– subjects were 0.072 for CP30, and for differences between
cT/tC and non-cT haplotypes, the values were 0.119 for
CP30 and 0.063 for CPtot. For all CPEP and glucose data
and for all results in sex and BMI subgroups, differences
between T⫹ and T– and between cT/tC and cT– groups
remained significant at the same level (results not shown).
In this study, we have shown that the T allele of the exon
18 Thr759(ACC3 ACT) polymorphism of the SUR1 gene
was associated with lower CPEP and acute OGTT Cpeptide responses in ND Canadians of French descent.
Even lower CPEP and OGTT C-peptide responses were
seen with the cT/tC haplotype, obtained from both the
IVS15-3c3t and exon 18 Thr759(ACC3 ACT) polymorphisms. These greater differences in the haplotype comparisons suggest that using two variants in the SUR1 gene
more clearly defines the allele associated with the phenotypes mentioned. This supports findings in Danish Caucasians (8) of lower insulin and C-peptide secretion after
intravenous tolbutamide in ND carriers of both the exon
18 C/T or T/T and the IVS15-3c3t c/t or t/t genotypes.
However, in that study haplotypes could not be clearly
identified; in the QFS they could be determined because
family structures were known. Moreover, we could adjust
metabolic parameters for important covariates such as
waist circumference (WC) and the sum of six skinfold
thicknesses (SF6).
Although we focused our study on ND subjects, for
which interpretation of OGTT data are straightforward,
analysis was also performed on all subjects combined.
Similar results were obtained for C-peptide and insulin
parameters (data not shown). Therefore, we do not believe
that restricting analysis to ND subjects biased the results.
There were no T⫹ subjects among the diabetic subjects.
This should not be unexpected because QFS was not
specifically designed to study type 2 diabetes and the
numbers of diabetic subjects was small.
Lower OGTT responses could result either from decreased ␤-cell secretion or higher insulin sensitivity. Several arguments point to a relationship with secretion. First,
SUR1 has been described mainly in pancreatic ␤-cells (6).
Second, INS levels, which are variably correlated with
insulin resistance, were unaffected by genotype status, yet
CPEP levels were significantly changed. C-peptide is secreted in an equimolar fashion with insulin, has a longer
plasma half-life, displays smaller oscillations in plasma
concentration, and undergoes minimal hepatic extraction;
therefore, it has been suggested to be a better reflection of
insulin secretion overall (14). Third, OGTT glucose responses were not significantly different between the genotypes, whereas we would have expected a significant
decrease in GLU and OGTT glucose responses in the case
699
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FIG. 2. Fasting plasma glucose and C-peptide and acute OGTT insulin and C-peptide responses in relation to exon 18 Thr759(ACC3 ACT)
genotype and IVS15-3c3t/exon 18 Thr759(ACC3 ACT) haplotype in ND QFS subjects by BMI subgroup. Results given are back-transformed
least-square means ⴙ SE from the general linear model multiple regression procedure, adjusting for age, age2, age3, WC, and SF6; **0.05 > P >
0.01 for comparisons with exon 18 Thr759(ACC3 ACT) T allele carriers or the cT/tC haplotype. Numbers given are those for each subgroup.

of greater insulin sensitivity with lower insulin requirements. Still, we cannot rule out a primary or compensatory
increase in insulin sensitivity. Interestingly, in the Hansen
et al. (8) study, the subjects displaying decreased insulin
and C-peptide responses also showed a 30% increase in
glucose effectiveness. Also, in a recent KATP channel–
knockout mouse model (15), not only was insulin secretion decreased, but insulin action was enhanced, as
measured by an insulin tolerance test, due either to a
direct peripheral effect of the KATP channel deficiency or
to an unknown compensatory mechanism.
The main genotype differences were found in C-peptide
measures, although OGTT insulin responses also tended to
be lower overall and were significantly lower in overweight subjects. This apparent discrepancy could be explained by the insulin assay used here, which crossreacts
with proinsulin (PI). It has been shown that in deficient
insulin secretion states, such as maturity-onset diabetes of
the young, OGTT responses for C-peptide are more suppressed than those for immunoreactive insulin (IRI) (16).
Moreover, in type 2 diabetes, PI is proportionately increased with respect to IRI and specific insulin (17).
Hence, our results would suggest that the SUR1 variant
700

carriers are also characterized by a deficient insulin secretion state. However, measures of PI and specific insulin
would be required to clarify this point.
Significant associations were only seen in younger subjects. It is possible that in older individuals, age and
accumulated environmental influences might predominantly modulate insulin secretion, overshadowing any
underlying genetic factor and clouding differences between genotypes. Also, with increasing BMI, differences
between T⫹ and T– and between cT/tC and non-cT genotype groups became more pronounced for GLU, CPEP,
IN30, and CP30. This pattern of higher GLU and lower
OGTT secretory responses suggests that BMI directly
influences these relationships. A possible explanation is
the association between obesity and increased insulin
resistance that leads to greater demand on ␤-cells, allowing differences in metabolic parameters to become more
evident in SUR1 variant carriers, who would respond
insufficiently because of limited secretion.
The exon 18 Thr759(ACC3 ACT) polymorphism is silent; thus, it cannot alone explain our results. The IVS153c3t polymorphism is located by the intron-exon 16 splice
junction, and thus an effect on mRNA splicing is possible
DIABETES, VOL. 50, MARCH 2001
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but unproven. The most likely explanation is that these
variants are in linkage disequilibrium with a nearby unidentified functional mutation, either in the SUR1 gene or
in a gene close by. In the latter case, the Kir6.2 gene
located only 4.5-kb distant on 11p15.1 is a good candidate.
In conclusion, the present study has shown for the first
time that the SUR1 gene exon 18 Thr759(ACC3 ACT) T
allele and the cT haplotype, resulting from the combination of this polymorphism and the IVS15-3c3t polymorphism, are significantly associated with lower CPEP and
OGTT C-peptide responses and possibly higher GLU and
lower OGTT insulin responses in a large Caucasian population of French descent. Sex, age, and particularly BMI
status modulated these associations. Because differences
were greater with the cT haplotype, using two SUR1 variants may more clearly define the allele associated with
altered glucose metabolism. However, these variants have
not been shown to have direct functional consequences.
Additional studies are needed to define the role of SUR1 or
some nearby gene in insulin secretion and to identify the
mutations that fully explain the results reported here.
RESEARCH DESIGN AND METHODS
Subjects. The QFS cohort is composed of Caucasian nuclear families of
French descent from the Québec City area, representing a mixture of random
sampling and ascertainment through obese (BMI ⬎32 kg/m2) probands (18). In
this study, 731 adults from 200 families were measured during phase two
(1989 –1997) and phase three (1998 to the present) of the QFS. Mean family
size was 4.0 (range 1–13); 69% of families had two parents, 24% had 0 –1 parent,
and the remainder were extended families with more than two members from
the parental generation. Written consent was obtained from all participating
subjects, and the Medical Ethics Committee of Laval University approved the
protocol.
Glucose tolerance status and metabolic parameters. A 75-g OGTT was
performed after an overnight fast. Fasting and OGTT plasma glucose, insulin,
and C-peptide were assayed as previously described (19). OGTT areas under
the curve were calculated using the trapezoidal method. The area over the first
30 min defined the acute response, whereas the complete area (0 –180 min)
was the total response. 1997 American Diabetes Association diagnostic
criteria determined the glucose tolerance status. Because OGTTs were
initiated in QFS in 1993, 161 subjects had only GLU values and 3 had missing
values. To avoid misclassification based on GLU, glucose tolerance was
limited to diabetic and ND categories. From OGTT data on 567 subjects, the
possibility of misclassifying a diabetic subject as ND using a GLU value ⬍6
mmol/l was very low (0.77%), and in the group of 161 subjects, only 1 or 2
diabetic subjects would possibly be missed using this GLU cutoff, representing
a very low number in the overall cohort. Only the 685 ND subjects were used
in the metabolic study, because glucose homeostasis is perturbed in the
diabetic state, making fasting and OGTT-derived measures more difficult to
interpret and less well correlated with insulin sensitivity and secretory
parameters obtained from more sophisticated measurements.
Adiposity phenotypes. BMI was derived from body weight divided by height
squared (kg/m2). WC and skinfold thicknesses (evaluated at six sites: biceps,
triceps, medial calf, abdominal, suprailiac, and subscapular areas) were
measured by a single observer as previously described (19).
Genotype and haplotype determination. Genomic DNA was obtained from
cultured lymphoblastoid cell lines by proteinase K and phenol/chloroform
extraction procedure followed by dialysis. Polymerase chain reaction (PCR)
amplifications of the DNA segments encompassing the SUR1 IVS15-3c3t and
exon 18 Thr759(ACC3 ACT) variants were carried out using primers previously reported (8,9), and specific information is available in the online
appendix at www.diabetes.org/diabetes/appendix.asp. Using both polymorphisms of the SUR1 gene, haplotypes were obtained. Because the family
structures are known in QFS and genotypes of parents and offspring were
both available, Mendelian analysis determined that the double heterozygote
was cT/tC and not tT/cC (see online appendix at www.diabetes.org/diabetes/
appendix.asp). No subjects were found with the genotypes tT/tT, tT/cT, or
tT/tC, and the single individual carrying the cT/cT genotype was not included
in the analysis. The exon 18 Thr759(ACC3 ACT) T⫹ group was thus comprised of the cT/tC double heterozygote and the cT/cC subgroups.
DIABETES, VOL. 50, MARCH 2001

Statistical Analysis. Nonnormally distributed variables were log-transformed before analysis. Metabolic parameters were adjusted for age, age2,
age3, and sex. Moreover, data were adjusted for WC and SF6, but not BMI,
because BMI never achieved significance when WC and SF6 were present.
Analysis of variance through the General Linear Model procedure in SAS
(version 6.12; Cary, NC) was used to test for differences in metabolic
parameters between genotypes. A 2 test was applied to evaluate whether
genotype and allele frequencies were in Hardy-Weinberg equilibrium and to
test for genotype and allele frequency differences. Linkage disequilibrium
between the polymorphisms was assessed as described by Terwilliger and Ott
(20).
All subjects were used in association analyses, despite the relatedness of
the subjects. A recent simulation study compared three methods of accounting for nonindependence in family sampling designs to a method that ignored
the within-family dependencies (Michael A. Province, Treva Rice, D.C. Rao,
unpublished data). Results showed that failure to take into account dependencies among subjects of the same family in statistical analyses did not
induce any bias, and ignoring these dependencies resulted in a small reduction
in power without affecting type I error, except in cases of extreme withinfamily correlation, which is rare in family studies. We are primarily concerned
with failure to detect significant associations, especially if the significance
level is borderline; therefore, we believe that it is more appropriate to use all
subjects in these association studies. Data are presented as least squaremeans ⫾ SE. For log-transformed variables, the results are the back-transformed least-square means ⫾ SE derived from the 95% confidence intervals. A
P value ⬍0.05 was considered significant.
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