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Abstract

Endothelial nitric oxide synthase 3 (NOS3) catalyzes the production of nitric oxide from L-arginine in endothelial cells.
Obesity is a modifiable risk factor for diabetes, and obese individuals have been reported to have reduced nitric oxide
availability compared to controls whose weight is in the normal range. Since homozygous carriers of the NOS3 G894T
variant are predicted to have decreased enzyme activity, the association between NOS3 genotype and type 2 diabetes, and
possible effect modification by body mass index (BMI) were evaluated. The prevalence of diabetes and BMI was determined
at baseline in 14,374 participants 45–66 years of age from the prospective biracial population-based Atherosclerosis Risk in
Communities (ARIC) Study of the development of atherosclerosis in four communities in the United States. Individuals with
a BMI $30 kg/m2 were considered obese. Those subjects not meeting the case definition were the comparison groups for
the 728 African American and 980 white participants with diabetes. Multivariable logistic regression models adjusted for
age, sex, and field center were used to test for main genetic effects and interaction with obesity. Although the NOS3 G894T
variant was not independently associated with diabetes in either African Americans or whites, significant interaction
between BMI and the NOS3 polymorphism indicated that obesity was an effect modifier of diabetes risk for white
individuals with the TT genotype (odds ratio (OR) for interaction = 1.65, p = 0.04). In stratified analyses, homozygosity for the
NOS3 T allele in obese white participants but not in those whose BMI ,30 kg/m2 was associated with an elevated risk of
diabetes (OR = 1.47, p = 0.02) when compared to the common GG genotype. These results suggest that interaction between
obesity and NOS3 genotype may be a determinant of diabetes case status in whites in the ARIC cohort. Replication in other
populations will be required to confirm these observations.
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Introduction

Diabetes is an important and treatable risk factor for

cardiovascular disease. [1] Obesity is an independent risk factor

for diabetes and body mass index (BMI) has been commonly used

as an index of adiposity. [2] Nitric oxide (NO) is produced by

endothelial cells and has been implicated in vascular relaxation in

response to multiple agents including acetylcholine, an activity

originally attributed to endothelium-derived relaxing factor

(EDRF). [3] NO has also been shown to have a role in the

regulation of blood pressure and vascular tone [4]. The production

of NO from L-arginine is mediated by a constitutive form of NO

synthase (eNOS) encoded on chromosome 7q35-36 by the NOS3

gene. [5] Defects in endothelial cell function and NO production

have been described for subjects with atherosclerosis, hyperten-

sion, diabetes, as well as obesity.

An association between the NOS3 G894T (Glu298Asp) single

nucleotide polymorphism (SNP) and myocardial infarction,

coronary artery disease, stroke, and hypertension has been

previously reported although none of these studies included

African Americans [6–15]. In addition, Monti et al. showed that

the 894T allele was more frequent in Italian patients with type 2

diabetes than in normal controls. [16] More recently, an

interaction between the G894T SNP and the cholesteryl ester

transferase TaqI B allele was implicated in an increased risk for

diabetes in a case-control study carried out in western Iran. [17].

The presence of the 894T variant has also been associated with the

persistence of hyperglycemia over a 5-year period in Chinese

subjects with impaired glucose tolerance. [18] When Korean

patients with type 2 diabetes were examined, the NOS3 GT

genotype was associated with progression of diabetic nephropathy

when compared to the GG genotype. [19] However, an

association between the NOS3 G894T polymorphism and diabetes
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or diabetes-related traits was not found in all studies. There was no

increased risk for diabetes found in Mexican-American partici-

pants in the San Antonio Family Diabetes/Gallbladder Study or

for type 2 diabetes patients when compared to controls from

Japan, Taiwan, or Finland [20–23]. The NOS3 G894T genetic

variant was also not associated with albuminuria in European

American families, with insulin resistance in subjects with and

without diabetes in Japan, with renal disease or diabetic

retinopathy in Brazilians with diabetes, or with diabetic retinop-

athy in a systematic meta-analysis that combined the results of four

genetic association studies [24–28].

The replacement of guanine by thymine at NOS3 nucleotide

894 results in a change of amino acid from glutamate to aspartate

at codon 298 of the mature NOS3 protein. Although this is a

conservative amino acid substitution, two groups of investigators

have shown that NOS3 with aspartate at position 298 is subject to

selective proteolytic cleavage which is predicted to result in

absence or reduction of nitric oxide synthase activity in

homozygous carriers of the 894T allele. [29,30] Since obesity

has previously been associated with diabetes risk in the Athero-

sclerosis Risk in Communities (ARIC) Study, and obese individ-

uals have been reported to have reduced NO bioavailability

compared to controls whose weight is in the normal range, the

aims of this study were to evaluate the association between the

NOS3 G894T polymorphism and prevalent diabetes, and to

determine whether interaction between BMI and NOS3 genotype

contributes to susceptibility to the disorder in the large biracial

population-based cohort. [31,32].

Materials and Methods

Ethics Statement
All individuals enrolled in the ARIC Study provided written

informed consent, and the study design and methods were

approved by institutional review boards at the four collaborating

medical centers: University of Mississippi Medical Center Institu-

tional Review Board (Jackson Field Center); Wake Forest

University Health Sciences Institutional Review Board (Forsyth

County Field Center); University of Minnesota Institutional

Review Board (Minnesota Field Center); and the Johns Hopkins

School of Public Health Institutional Review Board (Washington

County Field Center).

Atherosclerosis Risk in Communities (ARIC) Study
The ARIC Study is a prospective longitudinal investigation of

the development of atherosclerosis involving 15,792 individuals

aged 45 to 64 years selected by probability sampling from four

different communities in the United States. The participants were

residents of Forsyth County, NC; Jackson, MS (African Americans

only); the northwestern suburbs of Minneapolis, MN; or Wash-

ington County, MD at the time of recruitment in 1986–1989.

Participants in the ARIC Study were excluded from analysis if

they restricted use of their DNA (n = 44), were African American

but not from Jackson or Forsyth County (n = 55), were not African

American or white (n = 48), or if they were missing NOS3 genotype

(n = 1,161), diabetes case status (n = 70), or BMI (n = 13). When

these individuals were excluded, the study sample consisted of

14,401 participants, including 14,374 subjects for whom informa-

tion concerning diabetes case status at baseline was available.

There were 728 African American and 980 white participants with

diabetes; the comparison groups were composed of 3,009 and

9,657 individuals, respectively. The initial clinical examination,

referred to herein as visit 1, included an interview to collect

information concerning the presence of cardiovascular risk factors,

socioeconomic status, and family medical history. A detailed

description of the ARIC Study has been reported previously. [33].

Baseline Examination and Laboratory Measures
The prevalence of diabetes was determined at visit 1, and was

assessed using a fasting (.8 hours) glucose level that exceeded

7.0 mmol/L, a nonfasting glucose level $11.1 mmol/L, and/or a

self-reported history of physician diagnosis or use of medication for

diabetes. BMI was calculated as weight in kilograms/(height in

meters)2 from height and weight measurements obtained at the

baseline examination. In this study, a BMI $25 was used to

classify overweight individuals and individuals with a BMI $30

were considered obese. [34] Fasting serum glucose was measured

by a standard hexokinase method on a Coulter DACOS chemistry

analyzer (Coulter Instruments, Fullerton, CA, USA) and the

fasting serum insulin level was assessed by radioimmunoassay

(125Insulin Kit, Cambridge Medical Diagnostics, Billerica, MA,

USA). Plasma total cholesterol and triglycerides were measured by

enzymatic methods. [35] High density lipoprotein cholesterol

(HDL-C) was measured after dextran-magnesium precipitation of

non-HDL. [36] Blood pressure was measured three times while

seated using a random-zero sphygmomanometer and the last two

measurements were averaged for analysis. Information pertaining

to either maternal or paternal history of diabetes was obtained

during interviews carried out during the first clinical examination.

Genotype Determination
Genotyping of the NOS3 G894T polymorphism (rs1799983) was

performed using the TaqMan assay (Applied Biosystems, Foster

City, CA, USA). Oligonucleotide sequences for polymerase chain

reaction (PCR) primers and TaqMan probes are available upon

request from the authors. Allele detection was performed using the

ABI Prism 7700 Sequence Detection System (Applied Biosystems).

The genotype call rate, or the percentage of samples to which a

genotype was assigned, was 93.0% and was determined prior to

exclusion of individuals from the analysis. The genotyping success

rate was also assessed by analyzing the concordance between

genotypes for 680 pairs of blind duplicates included with the DNA

samples from the study participants. The simple kappa coefficient,

an index of the percent agreement between measurements

corrected for agreement occurring by chance, was 0.91. [37].

Statistical Analysis
All statistical analyses were carried out using the Stata statistical

software programs (StataCorp, College Station, TX, USA). The

hypothesis that observed genotypes were in Hardy-Weinberg

equilibrium was tested using a x2 goodness-of-fit test. The

proportions, means and standard deviations (SD) were calculated

for established risk factors for diabetes for both the prevalent

diabetes cases and for the comparison groups of control individuals

who did not meet the case definition. Multivariable logistic

regression was used to evaluate the relationship between diabetes

case status, NOS3 G894T genotype, and measures of obesity under

a general genotypic (two-degree of freedom) genetic model.

Prevalence odds ratios were adjusted for age, gender, and field

center. Interaction between BMI and NOS3 was analyzed in

regression models adjusted for the same covariates used to assess

the main effects of obesity and the NOS3 G894T polymorphism on

diabetes risk, and that also included interaction terms for genotype

by obesity. A two-sided p-value ,0.05 was considered statistically

significant for all tests. The results of all of the statistical analyses

are reported separately by self-reported racial group. Power

analyses for the main effect of the NOS3 G894T variant on

diabetes case status were carried out with the program Quanto

Interaction of NOS3 and Obesity in Type 2 Diabetes
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using a p-value of 0.05, and the sample size, allele frequencies, and

prevalence of diabetes for each racial group. The power to detect

interaction between obesity and the NOS3 G894 TT genotype was

evaluated by also including the prevalence of obesity, and the

genetic odds ratio and environmental odds ratio for association

with diabetes observed in the study for each race. [38].

Results

The means, standard deviations, and proportions for each of the

diabetes risk factors are shown for the study sample stratified by

diabetes case status and race in Table 1. The clinical and

demographic characteristics differed significantly between individ-

uals with diabetes and participants without diabetes for both

whites and African Americans. Prevalent diabetes cases were

older, and more were obese or overweight compared to non-cases.

There was also a significantly greater frequency of males and fewer

females in the group of white subjects with diabetes when

compared to the non-case group (p = 7.0561025), while the

proportion of persons of each gender was not significantly related

to case status for African Americans (p = 0.118) in the study

sample.

The results of genotyping the NOS3 G894T SNP are presented

in Table 2. The allele and genotype frequencies for the NOS3

polymorphism were in accordance with Hardy-Weinberg equilib-

rium expectations for both African American (p = 0.62) and white

(p = 0.95) individuals in the study, and are consistent with those

previously reported for the Yoruba in Ibadan, Nigeria and CEPH

(Utah residents with ancestry from northern and western Europe)

populations included in the International HapMap Project, [39]

and in a study of candidate genes associated with childhood

obesity. [40] The proportions of each of the three genotypes did

not differ significantly between cases and non-cases for either

racial group. Since the genotype frequencies for the NOS3 G894T

polymorphism were significantly different when African American

and white individuals in the study were compared

(p = ,1.061026), the results of the statistical analyses are reported

separately by race.

Multivariable logistic regression models were used to examine

the association of sequence variation in the NOS3 gene and

diabetes case status. Analysis of the main effect of the NOS3

G894T polymorphism on diabetes risk after adjustment for age,

sex, and field center showed no significant association when either

the group of white participants or African American participants

was evaluated as a whole (Tables 3 and 4). Obesity as assessed by a

BMI $30 kg/m2 was significantly associated with diabetes

prevalence in both white and African American individuals. In

white but not in African-American study participants, the

relationship between the G894T polymorphism and diabetes risk

was modified by BMI with evidence for interaction between

obesity and the TT genotype (OR for interaction = 1.65, p = 0.04)

(Tables 3 and 4). In subsequent analyses stratified by levels of BMI,

homozygosity for the NOS3 894T allele in white obese individuals

was shown to be significantly associated with an increased risk for

diabetes when compared to the most common GG genotype

(OR = 1.47, p = 0.02), while no variation in susceptibility with

genotype was found for white individuals whose BMI ,30 kg/m2

(Table 3). In secondary analyses, application of the same logistic

Table 1. Clinical and demographic characteristics stratified by race and diabetes case status.

White African American

Characteristics Diabetes Non-Cases p Diabetes Non-Cases P

Number 980 9,657 728 3,009

Age, years 56.2 (5.6)a 54.2 (5.7)a ,1.061026 55.3 (5.7)a 53.2 (5.8)a ,1.061026

Glucose, mmol/L 9.7(3.9)a 5.5 (0.5)a ,1.061026 11.1 (5.0)a,g 5.5 (0.6)a ,1.061026

Insulin, pmol/L 225.2 (438.3)a,b 72.9 (54.7)a ,1.061026 339.3 (631.6)a,h 94.6 (69.9)a ,1.061026

DBP, mm Hg 72.9 (11.0)a,b 71.3 (10.0)a,d 3.0861026 78.5 (11.9)a 80.1 (12.3)a,b 1.3561023

SBP, mm Hg 127.0 (18.4)a,b 117.7 (16.7)a,e ,1.061026 133.7 (22.6)a 127.5 (20.6)a,b ,1.061026

HDL, mmol/L 1.06 (0.35)a,c 1.33 (0.43)a,f ,1.061026 1.27 (0.38)a,i 1.46 (0.46)a,k ,1.061026

Triglycerides, mmol/L 2.40 (1.78)a,c 1.47 (0.89)a,f ,1.061026 1.72 (1.30)a,j 1.19 (0.77)a,k ,1.061026

Male 524 (53.5)l 4,521 (46.8)l 7.0561025* 260 (35.7)l 1,169 (38.8)l 1.1861021*

BMI $30 kg/m2 462 (47.1)l 1,960 (20.3)l ,1.061026* 420 (57.7)l 1,081 (35.9)l ,1.061026*

BMI $25 kg/m2 829 (84.6)l 5,841 (60.5)l ,1.061026* 652 (89.6)l 2,265 (75.3)l ,1.061026*

Family history diabetes 487 (49.7)l 2,709 (28.0)l ,1.061026 * 432 (59.3)l 1.310 (43.5)l ,1.061026 *

p, p-value, significance of difference between group means determined by t-test; DBP, diastolic blood pressure; SBP, systolic blood pressure; HDL, high density
lipoprotein; BMI, body mass index;
amean and standard deviation;
bmissing values (n = 1);
cmissing values (n = 2);
dmissing values (n = 5);
emissing values (n = 4);
fmissing values (n = 12);
gmissing values (n = 15);
hmissing values (n = 16);
imissing values (n = 21);
jmissing values (n = 20);
kmissing values (n = 55);
lnumber and percentage;
*p-value Pearson’s chi-squared test.
doi:10.1371/journal.pone.0079466.t001
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models showed that overweight white individuals homozygous for

the NOS3 894T allele did not incur a significant risk of diabetes

when compared to carriers of two G alleles, and there was no

association between the TT genotype and susceptibility to diabetes

in those whose BMI was ,25 kg/m2 (data not shown).

In contrast to the results described above, the effect of NOS3

G894T genotype on diabetes case status did not appear to vary

with level of BMI in African American participants (Table 4)

although there are only a small number of individuals with the TT

genotype reflecting the low minor allele frequency (Table 2).

Discussion

Endothelial dysfunction, characterized by impaired vasodilation

and availability of NO, is a common feature of both diabetes and

obesity [32,41–44]. Obesity is a risk factor for diabetes, and is

associated with the development of insulin resistance in peripheral

tissues. [45] Changes in levels of several protein mediators released

by excess adipose tissue including tumor necrosis factor, interleu-

kin 6 (interferon, beta 2), resistin, leptin, and adiponectin as well as

free fatty acids can result in impaired insulin action in liver and

skeletal muscle [46–50]. Both insulin resistance and endothelial

dysfunction have been shown to precede the abnormal glucose

levels characteristic of diabetes and are already present in

individuals at known risk for the disease such as those with a

positive family history. [32,45,51,52] Insulin has direct effects on

the vasculature by stimulating the production of NO in endothelial

cells through the P13-kinase/Akt pathway [53–57]. This capacity

is diminished in insulin-resistant individuals despite increased

production of insulin by the pancreas leading to decreased

vascular reactivity. Superoxide produced in the vascular wall

may further decrease the bioavailability of NO and enhance

oxidative stress through the generation of peroxynitrite and

increased synthesis of reactive oxygen species due to NOS3

uncoupling [58]. Conversely, weight loss leads to improved

endothelial function and insulin sensitivity [59–63]. It is therefore

possible to speculate that in obese subjects, genetic polymorphisms

such as NOS3 G894T that influence the basal level of NO

production contribute to progression to diabetes under conditions

where the amount may be further reduced as a consequence of

Table 2. NOS3 G894T genotype and allele frequencies stratified by race and diabetes case status.

White African American

SNP Genotype/Allele Diabetes Non-Cases p1 Diabetes Non-Cases p1

n % n % n % n %

G894T GG 450 45.9 4,506 46.7 0.82 580 79.7 2,338 77.7 0.50

GT 426 43.5 4,181 43.3 139 19.1 626 20.8

TT 104 10.6 970 10.0 9 1.2 45 1.5

G 1,326 67.6 13,193 68.3 1,299 89.2 5,302 88.1

T 634 32.4 6,121 31.7 157 10.8 716 11.9

SNP, single nucleotide polymorphism; p1, p-value Pearson’s chi-squared test for comparison of proportions of NOS3 G894T genotypes; n, number.
doi:10.1371/journal.pone.0079466.t002

Table 3. Association of NOS3 genotype and diabetes case status in whites stratified by obesity.

Variable Genotype BMI kg/m2 n OR 95% CI p

All 10,637

Obesity
(BMI $30 kg/m2)

3.54 3.08–4.06 ,0.001

Interaction1 1.65 1.03–2.64 0.04

G894T GG ** ** **

GT 1.02 0.89–1.18 0.73

TT 1.07 0.86–1.35 0.54

,30 8,215

G894T GG ** ** **

GT 1.02 0.84–1.23 0.86

TT 0.90 0.65–1.24 0.50

$30 2,422

G894T GG ** ** **

GT 1.06 0.85–1.32 0.60

TT 1.47 1.05–2.07 0.02

NOS3, endothelial nitric oxide synthase 3; n, number; OR, odds ratio; CI, confidence interval; p, p-value adjusted for age, sex, and field center; BMI, body mass index,
1interaction term for NOS3 G894 TT genotype and obesity;
**reference genotype.
doi:10.1371/journal.pone.0079466.t003
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insulin resistance, whereas this relationship is not seen in

individuals who are overweight or whose weight is in the normal

range.

Interestingly, mice with a heterozygous deletion of Nos3 fed a

standard diet had normal insulin sensitivity, while Nos3+/2 mice

fed a high fat diet for eight weeks showed fasting hyperinsulinemia

and reduced insulin-stimulated glucose utilization, possibly indi-

cating a critical role for environmental factors in metabolic disease.

[64] In this context, variation in other genetic or environmental

factors such as nutrition that may contribute to the prevalence of

type 2 diabetes in the two racial groups, as well as the significant

difference in allele frequencies for the G894T variant, may at least

partially account for the disparity in the association between the

NOS3 SNP and diabetes risk in obese subjects when white and

African American participants were compared. There was also

lack of statistical power to detect an effect size for interaction

between the TT genotype and obesity comparable to that found in

whites. While there was 70% power to detect an OR of 1.70 for

interaction for whites under a recessive genetic model, there was

10% power to observe the same OR for African Americans.

Monti et al. have previously reported that the frequency of the

NOS3 894T allele was higher in a sample of 159 patients with

diabetes than in 207 healthy control subjects, and a significantly

elevated waist-to-hip ratio was observed in the individuals with

type 2 diabetes who were homozygous TT carriers. [16] In a

longitudinal study of the development of cardiovascular risk factors

from childhood to adulthood, African- and European-American

carriers of the NOS3 894T allele were reported to have a higher

mean BMI, waist circumference, and sum of skinfolds if they were

of low socioeconomic status. [40] The results of studies in

laboratory animals also support a role for NOS3 in the

determination of body size. Mice deficient in Nos3 due to

introduction of a targeted deletion into the mouse genome were

shown to have reduced body weight that was more prominent in

females. However, there was no evidence of statistical interaction

between gender and genotype in animals carrying the mutation.

[65].

Although an important limitation of this study is that the

measurement of BMI in prevalent diabetes cases may not reflect

adiposity at the time of disease onset, the results reported here may

explain the failure to date to detect NOS3 genetic variants in

genome-wide association studies of diabetes that did not explicitly

include interaction between genes and the environment in the

study design. While there may be no apparent effect of the NOS3

G894T variant when a particular population is examined as a

whole, it may be possible that the influence of the polymorphism

on diabetes risk can only be observed in well-defined subgroups of

obese individuals, although replication in other cohorts will be

required to support this speculation. As in any cross-sectional

observational study of a single candidate SNP, another caveat

when interpreting these results is that the NOS3 G894T variant

may participate in other gene-gene or gene-environment interac-

tions besides that hypothesized for obesity so that its total effect on

diabetes susceptibility may not have been addressed. Identification

of a significant gene-environment interaction could also be

dependent on the case definition used to classify diabetes cases

as well as the comparison group of non-cases. In an effort to

explore the impact of including individuals with prediabetes as

part of the control group, persons without diabetes as defined in

the ARIC Study but who had measurements of fasting glucose

between 5.54 mmol/L and 7.00 mmol/L were excluded from the

analyses (N = 5,350; African American = 1,294; white = 4,056).

When this was done, the OR for the interaction term for obesity

and the NOS3 G894T TT genotype in whites was 1.71 (95%

confidence interval (CI) = 1.02–2.87) and the p-value for interac-

tion was 0.042, only slightly changed from the values found when

these study subjects were included (Table 3). This result suggests

that detection of the marginally significant interaction between

NOS3 genotype and obesity was not due to bias towards the null

attributable to inclusion of this subgroup. In addition, further

adjustment of the regression models for family history as a proxy

for shared genetic and environmental factors did not attenuate the

association (OR = 1.84; 95% CI = 1.14–2.95; p-value for interac-

tion = 0.012) in secondary analyses.

Table 4. Association of NOS3 genotype and diabetes case status in African Americans stratified by obesity.

Variable Genotype BMI kg/m2 n OR 95% CI p

All 3,737

Obesity
(BMI $30 kg/m2)

2.53 2.13–3.01 ,0.001

Interaction1 0.47 0.11–2.06 0.32

G894T GG ** ** **

GT 0.91 0.74–1.12 0.37

TT 0.79 0.38–1.63 0.52

,30 2,236

G894T GG ** ** **

GT 0.97 0.71–1.31 0.83

TT 1.12 0.42–3.00 0.82

$30 1,501

G894T GG ** ** **

GT 0.86 0.64–1.15 0.30

TT 0.53 0.18–1.58 0.25

NOS3, endothelial nitric oxide synthase 3; n, number; OR, odds ratio; CI, confidence interval; p, p-value adjusted for age, sex, and field center; BMI, body mass index,
1interaction term for NOS3 G894 TT genotype and obesity;
**reference genotype.
doi:10.1371/journal.pone.0079466.t004
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The strengths of the study include the direct measurement of

BMI as the environmental exposure, and the large well-

phenotyped study population with adequate power to detect an

interaction in whites of the magnitude previously reported in

analyses of modulation of the effect of established genetic risk

factors for type 2 diabetes by lifestyle differences. For example, an

interaction between dietary carbohydrate and a transcription

factor 7-like 2 (TCF7L2) polymorphism (p = 0.03) was observed in

the Nurses’ Health Study where there was greater susceptibility

seen in women with the highest glycemic load (OR = 1.62; 95%

CI = 1.32–2.00) for each addition of the rs115537 T allele

compared to those with the lowest glycemic load (OR = 1.15;

95% CI = 0.92–1.45). [66,67] The risk of diabetes for individuals

who consumed a high fat diet was also recently shown to vary by

genotype at the peroxisome proliferator-activated receptor gamma

(PPARG) locus. The adverse effects of elevated fat intake were

more prominent for Pro12 homozygotes than for Ala12 carriers

(OR = 1.73; 95% CI = 1.19–2.52; p = 0.004) in participants in the

D.E.S.I.R. cohort study genotyped for the Pro12Ala variant (p-

value for interaction = 0.05) [68–70]. Similarly, in a study of effect

modification by physical activity of the association between 17

SNPs identified in genome-wide association studies of diabetes and

incident disease among 16,003 Swedish subjects, the corrected p-

value for interaction was 0.0068 for rs4430796 located within the

gene encoding the transcription factor HNF1 homeobox B

(HNF1B). The protection conferred by physical activity was found

to be decreased in carriers of the minor A allele so that there was a

higher risk of diabetes in active individuals (hazard rate ratio

(HRR) = 1.10; 95% CI = 0.74–0.96; p = 0.007) than in sedentary

individuals (HRR = 0.85; 95% CI = 1.03–1.18; p = 0.011). [71,72].

Assuming the interaction between a common NOS3 sequence

variant and obesity reported here is only a single occurrence of a

more general phenomenon, large well-powered studies carried out

in populations where phenotypic heterogeneity has been mini-

mized may be required to bridge the gap between the substantial

heritability estimated for many complex disorders and the

proportion of interindividual variation thus far accounted for by

common sequence differences. [73].
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