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Objective. The strongest locus which associated with type 2 diabetes (T2D) by the common variant rs7903146 is the transcription
factor 7-like 2 gene (TCF7L2). We aimed to quantify the interaction of diet/lifestyle interventions and the genetic effect of TCF7L2
rs7903146 on glycemic traits, body weight, or waist circumference in overweight or obese adults in several randomized controlled
trials (RCTs). Methods. From October 2016 to May 2018, a large collaborative analysis was performed by pooling individual-
participant data from 7 RCTs. These RCTs reported changes in glycemic control and adiposity of the variant rs7903146 after
dietary/lifestyle-related interventions in overweight or obese adults. Gene treatment interaction models which used the genetic
effect encoded by the allele dose and common covariates were applicable to individual participant data in all studies. Results. In
the joint analysis, a total of 7 eligible RCTs were included (n=4,114). Importantly, we observed a significant effect
modification of diet/lifestyle-related interventions on the TCF7L2 variant rs7903146 and changes in fasting glucose. Compared
with the control group, diet/lifestyle interventions were related to lower fasting glucose by -3.06 (95% CI, -5.77 to -0.36) mg/dL
(test for heterogeneity and overall effect: I =45.1%, p < 0.05; z=2.20, p=0.028) per one copy of the TCF7L2 T risk allele.
Furthermore, regardless of genetic risk, diet/lifestyle interventions were associated with lower waist circumference. However,
there was no significant change for diet/lifestyle interventions in other glycemic control and adiposity traits per one copy of
TCF7L2 risk allele. Conclusions. Our findings suggest that carrying the TCF7L2 T risk allele may have a modestly greater
benefit for specific diet/lifestyle interventions to improve the control of fasting glucose in overweight or obese adults.

1. Introduction

Type 2 diabetes (T2D) is a rapidly growing public health
issue with a major effect on morbidity and mortality world-
wide [1]. Both environmental and genetic factors have been
implicated in the development of T2D [2-4]. Recent genome
wide association studies (GWAS) for T2D have identified
more than 100 loci [5], whereof the single nucleotide poly-
morphism (SNP) within TCF7L2 (transcription factor 7-like
2 gene), rs7903146, is the strongest and most widely replicated
genetic marker for T2D across multiple populations [6, 7].

Although previous reports have shown that the TCF7L2
variant was associated with glycemic control and weight
changes [2, 8, 9], such genetic association may be modulated
by dietary factors such as dietary fat [10], carbohydrate [3],
and animal protein [11], but results from intervention stud-
ies are limited [2, 4, 9, 12, 13]. Both the Diabetes Prevention
Program (DPP) and the Finnish Diabetes Prevention Study
(DPS) reported that the diabetogenic effect of the TCF7L2
variant rs7903146 was mitigated by lifestyle intervention
[2, 12]. Likewise, the Mediterranean diet also modulates
the effects of the TCF7L2 rs7903146 on fasting glucose
[13]. In contrast, in a population at risk for T2D, TCF7L2
rs7903146 did not influence lifestyle intervention-induced
changes in blood glucose, insulin secretion, and insulin sen-
sitivity [9] or weight changes [4, 14]. Therefore, the associa-
tion of TCF7L2 with glycemic control in response to
diet/lifestyle intervention is still controversial.

We carried out a large collaborative study of individual
participant data to investigate whether the well-recognized

TCF7L2 variant rs7903146 associates with the changes in
diabetes and obesity related outcomes in seven randomized
lifestyle interventions with up to 4,114 overweight or obese
participants enrolled. In particular, we investigated whether
a randomized diet/lifestyle intervention modulates the
genetic association of TCF7L2 genotypes with glycemic con-
trol and adiposity changes.

2. Subjects and Methods

2.1. Study Participants. The study was conducted from
October 2016 to May 2018 within the Gene-Lifestyle
Intervention working Group (GIG), represented here by
7 randomized controlled trials (RCTs) with up to 4,114
individuals (eFigure 1 and eTable 1). This study followed
the PRISMA reporting guideline for meta-analyses.
Before collecting individual participant data, we searched
systematically for studies published from inception to
October 2016 through PubMed and Embase to identify
intervention studies reporting weight loss, glycemic traits,
or lipids by TCF7L2 rs7903146 after a dietary or physical
activity based intervention. Included studies were
randomized intervention studies in overweight or obese
participants aged more than 18 years. Only publications
with an English language abstract were included. Studies
in healthy participants and children (<18 vyears) were
excluded. Two review authors independently evaluated
overall study quality utilizing the standardized criteria
(Grades of Recommendation, Assessment, Development
and Evaluation Working Group (GRADE)). The detailed
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information of included RCTs were shown in eTable 1-3.
Finally, 11 studies were eligible for inclusion, and 7
studies agreed to participate. A common analytical plan
was used for all studies, with similar covariates included
across studies as closely as possible. Individual participant
data were first analyzed separately by each study, and
then the results were pooled together using a random-effect
meta-analysis [15]. Descriptions of each participating
study (study design, study start data, study completion
date, etc.) are shown in eTable 2. Participants from all
participating trials provided written, informed consent,
and ethical approval was granted by local institutional
review boards.

2.2. Diet/Lifestyle Interventions. We included seven random-
ized diet/lifestyle intervention trials among adults where the
TCF7L2 rs7903146 variant and outcomes (obesity measures
or glycemic traits) were available (Table 1). Detailed informa-
tion on study design and study-specific data collection
methods are provided in eTable 2. Study information
including study design, intervention type (dietary or lifestyle
intervention), length of follow-up, country, participant
characteristics (age, sex, and ethnicity), and description of
measurement methods was also collected (Table 1 and
eTables 1 and 3).

2.3. Genetic Variant Selection and Genotype Properties. All
studies used direct genotype information on rs7903146 from
previously genotyped array data. Genotyping platforms,
genotype frequencies, Hardy Weinberg equilibrium P values,
and call rates (median of 98.8%) for TCF7L2 rs7903146 were
listed in eTable 4.

2.4. Quantitative Measurements. Anthropometric measures
and fasting blood samples were collected at baseline and end-
point of trial according to standard protocols. We used glu-
cose and insulin measured in conventional units (milligrams
per deciliter and microunits per milliliter, respectively) unless
otherwise specified. The HOMA index was calculated as
(fasting plasma insulin concentration (mU/L) x fasting

plasma glucose (mmol/L))/22.5 for IR and HOMA — %B =
(20 x fasting plasma insulin concentration (mU/L))/(fasting

plasma glucose (mmol/L) — 3.5) for f3-cell function, respec-
tively. Conversion factors (1 mg/dL =0.055mmol/L and 1
ulU/mL = 6.94 pmol/L) for fasting glucose and fasting
insulin were used to convert the conventional units to Sys-
tem International (SI) units. Detailed information on the
outcome measures for each study is reported in eTable 3.

2.5. Statistical Analyses. Statistical analyses were conducted
using Stata 14.0 software (Stata, College Station, TX). Out-
comes of interest were changes (calculated as follow-up mea-
surement minus baseline measurement) in fasting glucose,
fasting insulin, HOMA-IR, HOMA-B, body weight, and
waist circumference versus control. Linear regression analy-
ses were used to test the main effect of the TCF7L2 genetic
variant on changes in outcomes versus the control group.
The TCF7L2 genotype was coded using an allele-dose model
(“CC” coded as “0,” “CT” coded as “1,” and “TT” coded as
“2”). Interactions between the effect of the intervention

group (versus control) and genotypes were tested by includ-
ing an interaction term in the models as independent predic-
tors of each outcome. We adjusted for age (continuous,
year), sex, ethnicity (categorical), current smoking (yes or
no), physical activity (active or inactive), body mass index
(BMI, continuous, kg/mz) at the baseline, each outcome trait
at the baseline, and diet/intervention groups (eTable 5).
Participants were excluded from the analyses if they did
not have complete data for all outcomes and covariates.

Two sets of regression coefficients are presented. The
first arm-specific set of coeflicients captures within-arm
changes in the outcomes (from baseline to endpoint) for
each copy of the TCF7L2 risk allele. For studies with more
than one active treatment arm, we combined all active treat-
ment arms together, thus creating a single intervention ver-
sus control comparison for each study. For those trials where
all arms received interventions, we define the low-fat or low-
protein groups as control (e.g., the POUND Lost trial and
NUGENOB). The second set of coefficients captures mean
differences in TCF7L2 allelic effects between treatment and
control arms, where a negative coefficient means that indi-
viduals carrying a risk allele had a greater reduction in the
outcomes in response to the interventions (versus control)
than those without the risk allele. Importantly, the first set
of coefficients, which was used for standard error calcula-
tions for the second set of coeflicients that capture the gene
treatment interaction [16], is estimated from separate arms.

Heterogeneity between studies was evaluated using the
I? test and Galbraith plot s [17] (eFigure 2). Random
effects models were used to pool effect sizes and to account
for both sampling error and between study variation in
population [18]. Small study effects were assessed by visual
inspection of funnel plots of effect size against the standard
error [19], where a P value less than 0.1 was considered as
significant [20] (eFigure 3).

To explore potential sources of heterogeneity, we
conducted moderation testing (subgroup analyses) using
number of participants (<500 and >500), intervention type
(diet and diet and/or exercise), intervention length (<48
weeks and >48 weeks), and age (<50 years and >50 years)
as putative categorical moderators (eTable 6). We run a
further sensitivity analysis by excluding the FinDPS (the
only study that included both diet and lifestyle-based
interventions) or by excluding the DIETFITS that did not
achieve Hardy-Weinberg equilibrium (HWE).

3. Results

3.1. Baseline Characteristics of Participating Studies. Charac-
teristics of the 4,114 participants from 7 trials are shown in
Table 1 and eTable 1. The mean age at baseline was 51.6
(ranged from 28 to 74) years, and the mean BMI was 32.2
(ranged from 23.8 to 43.2) kg/m> The frequency for the
TCF7L2 rs7903146 risk allele T ranges from 22% to 39%
(eTable 4). Chi-square tests showed that the DIETFITS
study did not achieve HWE (Table 1). Six studies were
dietary interventions, and one is dietary and exercise-based
intervention. The duration of intervention ranged from ten
weeks to three years. All studies were conducted in North
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Changes in outcomes B (95% CI) Sample size
Fasting glucose (mmol/L) —a— -0.08 (-0.16,-0.01) 4114
Fasting insulin (mIU/L)* - ~0.04 (-0.08,0.01) 3290
HOMA-IR* - -0.04 (-0.09,0.01) 3290
HOMA-B* - -0.03 (-0.07,0.01) 3290
Body weight (kg) » -0.34 (-0.79,0.11) 4114
Waist circumference (cm) - -0.18 (-0.79,0.42) 4114
T

I T T T
-1 -08-06-04-02 0 02 04

B (95% CI) for interaction

FIGURE 1: Gene treatment interaction for changes in outcomes. Values represent coefficient and 95% confidence interval for interactions
between TCF7L2 (rs7903146) treatments on changes in outcomes after intervention (allele dose model was employed and coded in terms
of copies of minor allele (0, 1, 2)) in random effects meta-analysis of 4,114 adults. *Data on insulin, HOMA-IR, and HOMA-B
are log transformed before analysis. The HOMA was calculated as (fastingplasma insulin concentration (mIU/L) x fasting plasma
glucose (mmol/L))/22.5 for IR and HOMA — %B = (20 x fasting plasma insulin concentration (mU/L))/(fasting plasma glucose (mmol/L)
—3.5) for f-cell function. Fasting glucose was as follows: 1 mg/dL = 0.055 mmol/L; fasting insulin was as follows: 1 4IU/mL = 6.94 pmol/L.

America and Europe; two study (POUNDS Lost and
WAHA) were mixed in ethnicity (Table 1).

3.2. Main Association of TCF7L2 Genotype with Glycemic
and Obesity Traits at Baseline or their Changes after
Intervention. At baseline, each copy of the TCF7L2 T risk
allele was marginally associated with a 0.118 mmol/L higher
fasting glucose (95% CI, -0.017 to 0.254; p=0.057), but a
0.575kg lower body weight (95% CI, -1.137 to -0.013; p =
0.041). We did not observe significant associations for base-
line waist circumference, fasting insulin, HOMA-IR, and
HOMA-B (eFigure 3).

Among all diet/lifestyle intervention groups (excluding
control group), for each copy of the TCF7L2 T allele, a lower
level of waist circumference and a marginal lower body
weight were observed (regression coefficients and standard
error: —-0.36+0.14, p=0.011; -0.20+0.11, p=0.061,
respectively) (eTable 7).

3.3. Gene Treatment Interaction on Glycemic Control and
Adiposity Changes. After adjustment for age, sex, ethnicity,
current smoking habit, physical activity level, BMI and each
outcome-trait at baseline, significant interaction with diet/li-
festyle treatment was observed for rs7903146 for changes in
fasting glucose (p=0.023) (Figure 1). The interactions for
change in fasting insulin, HOMA-IR, HOMA-B, body
weight, and waist circumference were marginally significant,
but they suggested a similar direction as the interaction for
change in fasting glucose (Figure 1).

Figure 2 summarizes the risk allele effects for each study
or arm and differences in risk allele effects between treat-
ment and control arms on glycemic and obesity outcomes
after the intervention. Mean treatment versus control differ-
ences in fasting glucose change for each copy of the TCF7L2
T allele ranged from -53.69 mg/dL with 95% CI (-57.12,
-50.09) in WAHA to 18.20mg/dL with 95% CI (14.77,
21.80) in the DIETFITS study. Compared with control, die-
t/lifestyle treatment associated with lower fasting glucose

level by -3.06 (95% CI, -5.77 to -0.36) mg/dL (test for hetero-
geneity: I = 45.1%, p < 0.05; test for overall effect: z = 2.20,
p =0.028) for each copy of the TCF7L2 T allele. When sub-
jects received a diet/lifestyle treatment, individuals with the
T allele of rs7903146 had a lower fasting glucose level than
did carriers of the non-T allele. We did not observe signifi-
cant difference in risk allele effects between treatment and
control arms for fasting insulin (Figure 2), HOMA-IR,
HOMA-B (Figure 3), body weight, and waist circumference
(Figure 4).

3.4. Stratified and Sensitivity Analyses. The associations
between TCF7L2 genotype and differences between treat-
ment and control in the change in fasting glucose after the
diet/lifestyle interventions were influenced by number of
participants, study length, and age, but not by study type
(eTable 8). Mean treatment versus control differences in
fasting glucose change for each copy of the TCF7L2 T
allele was significant in participants aged 50 or older (-0.45
(-0.67, -0.23); p < 0.001), but not in those younger than 50
years (0.54 (-0.37, 1.45); p=0.247). We conducted further
sensitive analyses by excluding the FinDPS, the only study
that used diet and excise as treatment, and the DIETFITS
study that did not achieve HWE. This did not change the
pattern of results (data not shown). Likewise, after
removing NUGENOB, the shortest study (10 weeks),
overall effect sizes for fasting glucose did not change.

4. Discussion

The present collaborative study used individual participant
data to investigate if diet/lifestyle interventions modify the
association of TCF7L2 genotypes with glycemic control
and adiposity in RCT's. Our analysis of seven studies involv-
ing 4,114 adults showed that carrying the TCF7L2 rs7903146
T risk allele was significantly associated with changes in fast-
ing glucose in response to diet/lifestyle treatment, compared
with non-T allele carriers. Specifically, people who carried
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Study Control Treatment Mean difference  Weight
fxiinti:)ll% Elucose, n  Mean SE n Mean g “E’g?;?i;;n (%)
DIETFITS 220 -0.51 1.11 215 0.50 0.96 A i .- 1.01 (0.82,1.21) 12.25
Diogenes 86 0.08 008 80 0.09 0.06 i 0.01 (-0.01,0.03) 15.35
FinDPS 158 0.01 0.09 186 -0.04 0.08 o -0.05 (-0.06,-0.03) 15.36
NUGENOB 266 -0.04 0.04 251 0.04 0.04 i . 0.08 (0.07,0.09) 15.39

|
POUNDS Lost 370 -0.62 098 364 0.09 0.67 i - 0.71 (0.59,0.83) 14.00
PREDI 264 0.15 0.15 284 -0.07 0.10 " -0.22 (-0.24,-0.20) 15.35
WAHA 319 1.43 1.07 307 -1.55 138 i -2.98(-3.17,-2.78) 12.29
Test for heterogeneity: I2 = 45.1%, P = 0.034 @ ~0.22(-0.32,-0.02) 100.00
Test for overall effect: z = 2.20, p = 0.028 e —T
Fasting insulin, -25-20-15-1.0-05 0 05 1.0 1.5
mIU/L B ‘
DIETFITS 220 -0.01 0.05 215 -0.02 0.05 — -0.01 (-0.02,0.00) 17.70
Diogenes 8 002 004 80 -004 0.02 - i ~0.06 (-0.07,-0.05) 17.71
FinDPS 158 -0.02 003 186 -0.06 0.03 - i ~0.04 (-0.04,-0.03) 17.80
NUGENOB 266 0.01 0.05 251 0.08 0.06 i e 0.07 (0.07,0.08) 17.69
POUNDS Lost 370 0.01 0.04 364 0.09 0.67 i — 0.08 (0.01,0.15) 11.35
WAHA 319 0.04 0.06 307 0.00 0.05 - i -0.04 (-0.05,-0.03) 17.74
Test for heterogeneity: I2 = 54.2%, P = 0.020 <§> 0.00 (-0.04,0.03)  100.00
Test for overall effect: z = 0.21, p = 0.831 _0110 _0105 0 O.I05 O.IIO O.IIS

Mean difference (95% CI)

F1GURE 2: Forest plot of change in fasting glucose and insulin after intervention for each copy of the TCF7L2 rs7903146 minor allele (T) in
treatment versus control arm in random effects meta-analysis of 3,655 adults. Values for treatment and control represent coefficient and
standard error from linear regression analyses adjusted for age, sex, baseline outcome, and ethnicity where appropriate. When more than one
treatment arm was present, values represent combined effects across treatment arms. The gray areas around data points indicate the effect size
of each study. The dotted line indicates the overall effect size. POUNDS Lost: The Preventing Overweight Using Novel Dietary Strategies trial;
DIETFITS: Diet Intervention Examining the Factors Interacting with Treatment Success; DIOGENES: Diet, Obesity, and Genes; WAHA:
Walnuts and Healthy Aging; FinDPS or FDPS: The Finnish Diabetes Prevention Trial; PREDIMED-Reus: Prevencion con dieta mediterranea-
Reus; NUGENOB: Nutrient-Gene Interactions in Human Obesity; IV: Inverse Variance. Fasting glucose: 1 mg/dL =0.055 mmol/L; fasting

insulin: 1 4IU/mL = 6.94 pmol/L.

the TCF7L2 T allele responded better to the intervention in
terms of glycemic control. Furthermore, our findings suggest
that diet/lifestyle interventions associated with lower waist
circumference regardless of genetic risk.

The TCF7L2 is the strongest common locus associated
with T2D identified thus far [6]. TCF7L2 variants have been
shown to associate with impaired glucose tolerance and
insulin synthesis and secretion and to predict the incidence
of T2D in persons who were already at high risk of the dis-
ease [2], which suggests potential synergistic effects between
different risk factors. Two large trials (DPP and DPS)
showed that the diabetogenic effect of the variant
rs7903146 in TCF7L2 was mitigated by lifestyle intervention
[2, 12]; although, a small study (n = 309) of lifestyle inter-
vention in a population at risk for T2D did not observe such
interaction on changes in blood glucose, insulin secretion, or
insulin sensitivity [9]. In the present study, we found modu-
lation by the diet/lifestyle intervention on changes in fasting
glucose, suggesting that diet/lifestyle treatment results in a
greater decrease in fasting glucose in TT individuals com-

pared with controls. Although the interaction effects on fast-
ing insulin and insulin resistance were not statistically
significant, the directions of the changes were consistent
with those of fasting glucose. We speculate that the medica-
tions used by participants that might interfere with HOMA
assessments by modifying insulin secretion and sensitivity
might explain the negative association. Our findings imply
that the genetic predisposition to diabetes from the TCF7L2
risk allele can be at least partly counteracted by diet or
exercise-based intervention and that those carrying the risk
allele respond well to such interventions.

The mechanisms underlying our findings are unknown
but may be related to the potential role of TCF7L2 in
regulating hepatic glucose metabolism. TCF7L2 is a Wnt
signaling-associated transcription factor expressed in several
tissues, including the liver and pancreas [21]. Previous evi-
dence showed that the TCF7L2 risk alleles might act through
gene-expression, with the mRNA expression levels of the
TCF7L2 being almost 3-fold higher for individuals with the
rs7903146 T risk allele compared to those with non-T alleles
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Study Control Treatment Mean difference Weight
HOMA-IR n Mean SE n  Mean SE 1V, random (%)
(95% CI)
DIETFITS 220 -0.01 0.05 215 -0.02 0.05 A -*-i -0.01 (-0.02,0.00) 17.46
Diogenes 86 0.04 0.04 80 -0.03 0.03 - : -0.07 (-0.08,-0.06) 17.45
|
FinDPS 158 -0.01 0.03 186 -0.06 0.03 - | -0.05 (-0.06,-0.04) 17.52
|
NUGENOB 266  -0.01 0.05 251 0.08 0.06 | —— 0.09 (0.08,0.10) 17.44
|
POUNDS Lost 370 0.00 0.05 364 0.09 0.67 i E— 0.09 (0.02,0.16) 12.67
WAHA 319 0.05 0.06 307 0.02 0.06 - | -0.03 (-0.04,-0.02) 17.46
Test for heterogeneity: 2= 75.3%, P =0.001 <> 0.00 (~0.05,0.05) 100.00
I e .
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Fi1GURE 3: Forest plot of change in HOMA-IR and HOMA-B after intervention for each copy of the TCF7L2 rs7903146 minor allele (T) in
treatment versus control arm in random effects meta-analysis of 3,655 adults. Values for treatment and control represent coefficient and
standard error from linear regression analyses adjusted for age, sex, baseline outcome, and ethnicity where appropriate. When more than
one treatment arm was present, values represent combined effects across treatment arms.

[22]. In addition, rodent studies and cell culture experiments
demonstrated that high-fat diet feeding reduced the expres-
sion of the TCF7L2 gene in the pancreas [23]. Therefore, die-
t/lifestyle interventions may differently influence the
expression of the TCF7L2 gene and regulate fasting glucose
levels in the context of genotypes.

In the current large collaborative analysis, we observed
that the TCF7L2 T allele was associated with greater reduced
waist circumference among diet/lifestyle treatment group,
but the TCF7L2 genotype was not an effect modifier. None-
theless, our findings are in line with the results of the large
DPP trial, which also found no interaction between genotype
and a lifestyle intervention on body weight changes [14] and
suggested that TCF7L2 may not determine the ability to lose
weight. Similarly, the POUNDS Lost trial observed no inter-
action for changes in weight, waist circumference, or body
fat when assessed at 24 months [4]. In contrast, previous
findings in a population with impaired glucose tolerance
showed that the lifestyle intervention induced changes in
BMI, total fat, and nonvisceral and visceral fat that varied
according to TCF7L2 rs7903146 genotypes [9]. Differences
in dietary composition, time frame, other lifestyle changes,
and populations may have accounted for discrepancies
among studies. Although body composition was outside
the scope of the present analysis, there is good evidence that
TCF7L2 157903146 might modulate the influence of diet/li-

festyle on lean mass [4], fat-free mass and fat mass [24], total
body fat, and visceral and nonvisceral fat [9]. It is important
to elucidate the potential mechanisms through which
TCF7L2 rs7903146 influences body composition in further
research.

The major strength of the present large collaborative
study is that we tested gene-diet/lifestyle interaction under
RCT settings, which avoids residual confounding biases
characteristic of observational study designs. Moreover, our
study comprising 4,114 adults from seven dietary interven-
tion trials provided adequate statistical power for our analy-
ses. In addition, the use of standardized statistical analyses
improved the overall reliability of the results by allowing
adjustment for the same set of covariates across all studies.

An important limitation is that we evaluated a single
genetic variant effect of TCF7L2 genotype. Although previ-
ous meta-analysis of RCTs demonstrated that the FTO geno-
type did not influence the change in adiposity after weight
loss interventions [16], it is worth noting that both diabetes
and obesity risks are modified by multiple genetic variants;
therefore, our findings for TCF7L2 genotype should not be
considered in isolation. Nonetheless, our findings are in line
with those from the DPP and Finnish DPS trials [2, 12] and
the PREDIMED trial [13], whereby participants benefited
from diet/lifestyle modification regardless of genetic risk.
Second, studies included in our analysis varied in type of
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FIGURE 4: Forest plot of change in body weight and waist circumference after intervention for each copy of the TCF7L2 rs7903146 minor
allele (T) in treatment versus control arm in random effects meta-analysis of 3,655 adults. Values for treatment and control represent
coefficient and standard error from linear regression analyses adjusted for age, sex, baseline outcome, and ethnicity where appropriate.
When more than one treatment arm was present, values represent combined effects across treatment arms.

interventions investigated, study design, duration, sample
size, ethnicity, and health condition, and such heterogeneity
might influence our ability to identify an interaction effect.
We acknowledge that the controls of some studies such as
the POUNDS Lost trial, NUGENOB, and DIETFITS study
also received treatments, making the interpretation of our
results difficulty. Third, we observed that the TCF7L2 T
allele was associated with a lower level of waist circumfer-
ence and a marginal lower body weight after diet/lifestyle
intervention. These results should be interpreted cautiously.
When body weight and waist circumference are evaluated in
cohorts ascertained for glycemic status, collider bias might
be introduced, producing an artificial association of the
diabetes-raising allele with lower body weight or waist cir-
cumference. It is worth noting that the selected participants
from the seven included studies were overweight or obese;
therefore, the TCF7L2 variant and adiposity association
analyses might be prone to a particular bias inducing para-
doxical results, namely, index event bias. Fourth, we did
not consider details on how smoking was assessed, including
the frequency, duration, and number of cigarettes. In addi-
tion, accurate measurements of physical activity (e.g,.
MET) are also needed in further study. Fifth, we did not take

the effect of drug use into consideration. Sixth, since partic-
ipants with missing information on outcomes and covariates
could not be analyzed, we did not calculate the number of
those participants and whether there were significant differ-
ences between those who were included and those who were
not, which may result in biased results to some extent. Sev-
enth, we did not perform stratified meta-analyses by sex
which may be warranted in future study. Eighth, studies
included in this meta-analysis could not represent all types
of diet/lifestyle interventions, which limit the generalizability
of the findings to other types of diet/lifestyle interventions.
Finally, all trials analyzed here were conducted in North
America or Europe, with predominantly white participants,
which limit the generalizability of our findings to other eth-
nicities. Given evidence that the genetic effect of the TCF7L2
genotype varies across ethnicities, further studies on this
topic in different ethnic populations are warranted.

In summary, this large collaborative analysis of individ-
ual participant data suggests that carrying the TCF7L2 risk
allele may confer modestly greater benefit in improving gly-
cemic control in response to specific diet/lifestyle interven-
tions in overweight or obese adults. Understanding the
mechanisms by which variation in this gene affects glucose
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homeostasis may provide new insights into the molecular
basis of diabetes and opportunities for targeted preventive
interventions.
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