
The Challenging Chase for Nutrigenetic
Predictors of Metabolic Responses
to Dietary Interventions

Development of the metabolic syn-
drome (MetS) is influenced by ge-
netic and environmental factors. It is

of interest to identify genetic factors asso-
ciated with changes in MetS in response to
dietary interventions to maximize the in-
dividual benefits gained from preventive
or therapeutic measures (i.e., personalized
nutrition). In this issue of Diabetes Care,
Qi et al. (1) examined the contributions
of two genetic variants (rs1522813 and
rs2943641) near the insulin receptor sub-
strate 1 (IRS1) gene and their interactions
with dietary fat intake on the reversion of
the MetS using the data of the Preventing
Overweight Using Novel Dietary Strategies
(POUNDS LOST) study.

POUNDS LOST study—The
POUNDS LOST study was a 2-year
population-based trial in which 811 over-
weight and obese adults (64% females)
were randomly assigned to one of four
diets (2). The percentage of calories de-
rived from the macronutrients varied
20–40% for dietary fat, 15–25% for pro-
tein, and 35–65% for carbohydrates. A
total of 645 subjects were defined as com-
pleters and they lost 4 kg on average with
no significant differences among the four
dietary groups. MetS was present in 32%
of the participants at baseline and this prev-
alence was reduced to ;20% at 2 years
with no differences between diet groups.
Participants changed their diets in the di-
rection of the specified macronutrient
goals, but these goals were not fully
achieved. For instance, the reported fat
intake at 2 years differed from the targets
by almost 7 percentage points, with the
differences being ;7% higher for the
20% dietary fat diet group and;7% lower
for the 40% fat diet group (2).

For reasons not specified in the article,
Qi et al. used 738 subjects for the current
study, a number that apparently includes
almost 100 noncompleters as defined in
the original publication. Most of the 738
subjects were white (80%), but 15%were
black, 3% Hispanic, and the rest other
ancestries. It is not possible to evaluate the
influence of the heterogeneity of the study

population on the results for the rs2943641
variant as the authors found no significant
dietary effects on MetS status by genotype
and the data are not shown. However, an
influence of the sample ethnic heteroge-
neity on the findings for the rs1522813
variant cannot be excluded from the data
reported by Qi et al. (see Table 1 for the
ethnic distribution by genotype).

Main findings of Qi et al.—Qi
et al. found that the MetS reversion rate
(proportion of subjects with MetS at base-
line but reverted at 6 months or 2 years)
was higher in the high-fat diet group
compared with the low-fat group over the
2-year intervention in A-allele carriers at
rs1522813 (P = 0.002), while no differences
were found between the low- and high-fat
diet groups among the GG genotype (1).
The age-, sex-, ethnicity-, and body weight
changes–adjusted odds ratio for 2-yearMetS
reversion for the high-fat compared with
low-fat group was 2.88 (95% CI 1.25–
6.67; P = 0.01) for A-allele carriers (P =
0.04 for genotype–diet interaction). These
results did not change after adjustment for
physical activity or changes in insulin resis-
tance. The authors concluded that their
findings provide supportive evidence for
the notion of personalized dietary interven-
tion in the management of MetS.

The study appears to be the first to
examine gene–diet interactions on changes
inMetS status in a large, long-term random-
ized dietary intervention. It represents an
example of how trait responses to an inter-
vention may be conditioned by genotype,
emphasizing the importance of individual-
level compared with population-level data
when examining responses to standardized
interventions. However, despite the positive
findings and strengths of the POUNDS
LOST trial, several limitations of the current
study warrant further discussion.

Power and sample size—Statis-
tical power and multiple testing are
important considerations when evaluating
genetic association studies. The authors
acknowledged that they likely lacked the
statistical power to detect the modest

genetic associations and interactions they
found for MetS reversion. In the current
study, only 342 subjects had MetS at
baseline and thus were eligible for analyses
involving MetS reversion. Furthermore,
they had a maximum sample size of 185
for the GG genotype and 157 for A-allele
carriers. There was also an approximately
24% dropout from baseline to 2 years,
further reducing the sample size.

The authors tested associations at two
variants near IRS1 but did not account for
multiple testing, as a P value # 0.05 was
considered statistically significant. Correct-
ing for the fact that two variants were tested
would result in a Bonferroni-corrected
threshold of P = 0.025 for statistical signif-
icance. Furthermore, the authors con-
ducted numerous statistical tests across
many traits. The results in Table 2 show
that 22 statistical tests were performed for
the association of rs1522813 genotype
with various traits, while Supplementary
Table 1 shows 24 additional tests (1). It
can be assumed these tests were also per-
formed for the rs2943641 genotype, result-
ing in approximately 100 total statistical
tests and a Bonferroni multiple testing cor-
rected threshold of about P = 0.0005. Using
this threshold, none of the reported associ-
ations in the study would be considered
statistically significant.

Association of IRS1 with
metabolic traits—Variants in or
near the IRS1 gene have been associated
with MetS and several of its components
(3–8). Furthermore, several studies have
reported significant genotype–diet interac-
tions between variants in or near IRS1 and
dietary factors on metabolic traits (9–11),
including the POUNDS LOST study (12).
The rs2943641 and rs1522813 variants
tested byQi et al. are located approximately
500 kb and 660 kb from IRS1, respectively,
which is quite remote from the associated
gene transcript. It is not clear whether these
variants are in linkage disequilibrium with
IRS1 variants and/or related to IRS1 func-
tion. Teslovich et al. (8) noted that variation
at rs2972146, a variant associated with
metabolic traits in recent genome-wide
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association studies (GWAS) (6,8), corre-
lated with IRS1 expression in omental fat,
despite being located 495 kb away from the
IRS1 gene.

Recent GWAS reports have identified
over 20 loci associated with MetS at the
genome-wide level, a list that does not
include IRS1 (13–15). Although loci iden-
tified in observational GWAS are not al-
ways associated with trait responses to
interventions (16), the inclusion of only
variants near IRS1 and the modest effect
sizes reported in the current study should
be viewed with healthy skepticism. Fur-
thermore, the POUNDS LOST group it-
self has reported elsewhere that variation
in at least six different genes modulates
the association between dietary composi-
tion and changes in metabolic traits
(12,17–21). Thus, it is clear that no single
gene or variant is likely responsible for
interindividual differences in the re-
sponse of MetS and its components to di-
etary interventions.

Outlook for nutrigenetic
studies —The article by Qi et al.
represents an opportunity to discuss the
conditions necessary to identify genotype–
nutrition interaction effects on metabolic
traits. Multiple challenges have to be
met for nutrigenetic studies to be success-
ful (22). First, the true magnitude of a
gene–nutrition interaction effect is not
likely to be revealed by observational stud-
ies. Only intervention studies in which
compliance with the experimental dietary
exposure is not in doubt have the potential
to uncover the complex relationships be-
tween DNA sequence variants in critical
genes and a given nutrient or combination
of nutrients and their effects on metabolic
traits of interest. Second, in studies dealing
with differential exposures to macronu-
trients, it is a major challenge to isolate
the macronutrient truly responsible for
the nutrigenetic effects, particularly for fat
and carbohydrates as they tend to be ma-
nipulated in such a way that one is com-
pensated by the other. The problem is
thought to be greatly diminished when
the dietary exposure pertains to other
nutrients. Third, the challenge relating
to sample size and statistical power as
emphasized above. Based on this issue
alone, it is likely that the vast majority
of the nutrigenetic findings reported to
date are false (see reference 23 for a dis-
cussion). It is a challenge to design large-
scale human nutrigenetic experiments
and an even more daunting task to get
them adequately funded in the current

environment, but unfortunately there is
no true substitute.

In brief, it is possible that calorically
restricted high-fat diets designed to in-
duce weight loss are more effective in the
management of nascent metabolic disor-
ders compared with low-fat diets in people
carrying the A-allele at the rs1522813
polymorphic site in the vicinity of the
IRS1 gene, but the evidence available to that
effect remains inconclusive at this time.

MARK A. SARZYNSKI, PHD
CLAUDE BOUCHARD, PHD

From the Human Genomics Laboratory, Pennington
Biomedical Research Center, Baton Rouge,
Louisiana.

Corresponding author: Claude Bouchard, claude
.bouchard@pbrc.edu.

DOI: 10.2337/dc13-1399
© 2013 by the American Diabetes Association.

Readers may use this article as long as the work is
properly cited, the use is educational and not for
profit, and the work is not altered. See http://
creativecommons.org/licenses/by-nc-nd/3.0/ for
details.

Acknowledgments—C.B. is a scientific advisor
forWeightWatchers International and Pathway
Genomics. No other potential conflicts of
interest relevant to this article were reported.

c c c c c c c c c c c c c c c c c c c c c c c c

References
1. Qi Q, Xu M, Wu H, et al. IRS1 genotype

modulates metabolic syndrome reversion
in response to 2-year weight-loss diet inter-
vention: the POUNDS LOST trial. Diabetes
Care 2013;36:3442–3447

2. Sacks FM, Bray GA, Carey VJ, et al. Com-
parison of weight-loss diets with different
compositions of fat, protein, and carbo-
hydrates. N Engl J Med 2009;360:859–
873

3. Kilpeläinen TO, Zillikens MC, Stan�cákova
A, et al. Genetic variation near IRS1 asso-
ciates with reduced adiposity and an im-
paired metabolic profile. Nat Genet 2011;
43:753–760

4. Pérez MS, Tellechea ML, Aranguren F,
et al. The rs1801278 G.A polymorphism
of IRS-1 is associated with metabolic syn-
drome in healthy nondiabetic men. Modu-
lation by cigarette smoking status. Diabetes
Res Clin Pract 2011;93:e95–e97

5. Povel CM, Boer JM, Onland-Moret NC,
Dollé ME, Feskens EJ, van der Schouw
YT. Single nucleotide polymorphisms
(SNPs) involved in insulin resistance,
weight regulation, lipid metabolism and
inflammation in relation to metabolic syn-
drome: an epidemiological study. Cardio-
vasc Diabetol 2012;11:133

6. Rung J, Cauchi S, Albrechtsen A, et al.
Genetic variant near IRS1 is associated

with type 2 diabetes, insulin resistance and
hyperinsulinemia. Nat Genet 2009;41:
1110–1115

7. Sharma R, Prudente S, Andreozzi F, et al.
The type 2 diabetes and insulin-resistance
locus near IRS1 is a determinant of HDL
cholesterol and triglycerides levels among
diabetic subjects. Atherosclerosis 2011;216:
157–160

8. Teslovich TM, Musunuru K, Smith AV,
et al. Biological, clinical and population
relevance of 95 loci for blood lipids. Nature
2010;466:707–713

9. Marín C, Pérez-Martínez P, Delgado-Lista
J, et al. The insulin sensitivity response is
determined by the interaction between the
G972R polymorphism of the insulin recep-
tor substrate 1 gene and dietary fat. Mol
Nutr Food Res 2011;55:328–335

10. Zheng JS, Arnett DK, Parnell LD, et al.
Modulation by dietary fat and carbohydrate
of IRS1 association with type 2 diabetes
traits in two populations of different ances-
tries. Diabetes Care. 17 April 2013 [Epub
ahead of print]

11. Peter I, McCaffery JM, Kelley-Hedgepeth
A, et al.; Genetics Subgroup of the Look
AHEAD Study. Association of type 2 di-
abetes susceptibility loci with one-year
weight loss in the look AHEAD clinical trial.
Obesity (Silver Spring) 2012;20:1675–1682

12. Qi Q, Bray GA, Smith SR, Hu FB, Sacks
FM, Qi L. Insulin receptor substrate 1
gene variation modifies insulin resistance
response to weight-loss diets in a 2-year
randomized trial: the Preventing Over-
weight Using Novel Dietary Strategies
(POUNDS LOST) trial. Circulation 2011;
124:563–571

13. Kristiansson K, Perola M, Tikkanen E,
et al. Genome-wide screen for metabolic
syndrome susceptibility Loci reveals strong
lipid gene contribution but no evidence for
common genetic basis for clustering of
metabolic syndrome traits. Circ Cardiovasc
Genet 2012;5:242–249

14. Kraja AT, Vaidya D, Pankow JS, et al.
A bivariate genome-wide approach to met-
abolic syndrome: STAMPEED consortium.
Diabetes 2011;60:1329–1339

15. Zabaneh D, Balding DJ. A genome-wide
association study of the metabolic syn-
drome in Indian Asian men. PLoS One
2010;5:e11961

16. Walker CG, Loos RJ, Olson AD, et al. Ge-
netic predisposition influences plasma lip-
ids of participants on habitual diet, but
not the response to reductions in dietary
intake of saturated fatty acids. Atheroscle-
rosis 2011;215:421–427

17. Mattei J, Qi Q, Hu FB, Sacks FM, Qi L.
TCF7L2 genetic variants modulate the ef-
fect of dietary fat intake on changes in body
composition during a weight-loss interven-
tion. Am J Clin Nutr 2012;96:1129–1136

18. Qi Q, Bray GA, Hu FB, Sacks FM, Qi L.
Weight-loss diets modify glucose-
dependent insulinotropic polypeptide

3380 DIABETES CARE, VOLUME 36, NOVEMBER 2013 care.diabetesjournals.org

Commentary

mailto:claude<?tjl=20mm?><?tjl?>.bouchard@pbrc.edu
mailto:claude<?tjl=20mm?><?tjl?>.bouchard@pbrc.edu


receptor rs2287019 genotype effects on
changes in body weight, fasting glucose,
and insulin resistance: the Preventing
Overweight Using Novel Dietary Strategies
trial. Am J Clin Nutr 2012;95:506–513

19. Zhang X, Qi Q, Bray GA, Hu FB, Sacks
FM, Qi L. APOA5 genotype modulates
2-y changes in lipid profile in response to
weight-loss diet intervention: the POUNDS
LOST Trial. Am J ClinNutr 2012;96:917–922

20. Zhang X, Qi Q, Liang J, Hu FB, Sacks FM,
Qi L. Neuropeptide Y promoter polymor-
phism modifies effects of a weight-loss diet
on 2-year changes of blood pressure: the
Preventing Overweight Using Novel Di-
etary Strategies trial. Hypertension 2012;
60:1169–1175

21. Zhang X, Qi Q, Zhang C, et al. FTO ge-
notype and 2-year change in body com-
position and fat distribution in response

to weight-loss diets: the POUNDS LOST
trial. Diabetes 2012;61:3005–3011

22. Bouchard C, Ordovas JM. Fundamentals of
Nutrigenetics and Nutrigenomics. In Prog-
ress in Molecular Biology and Translational
Science. Vol. 108. Bouchard C, Ordovas JM,
Eds. San Diego, CA, Academic Press, 2012,
p. 1–15

23. Ioannidis JP. Whymost published research
findings are false. PLoS Med 2005;2:e124

care.diabetesjournals.org DIABETES CARE, VOLUME 36, NOVEMBER 2013 3381

Sarzynski and Bouchard


