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Abstract 

Background:  Among candidate genes related to type 2 diabetes (T2DM), one of the strongest genes is Transcription 
factor 7 like 2 (TCF7L2), regarding the Genome-Wide Association Studies. We aimed to conduct a systematic review of 
the literature on the modification effect of TCF7L2 on the relation between glycemic parameters and lifestyle factors.

Methods:  A systematic literature search was done for relevant publications using electronic databases, including 
PubMed, EMBASE, Scopus, and Web of Science, from January 1, 2000, to November 2, 2021.

Results:  Thirty-eight studies (16 observational studies, six meal test trials, and 16 randomized controlled trials (RCTs)) 
were included. Most observational studies had been conducted on participants with non-diabetes showing that 
TCF7L2 modified the association between diet (fatty acids and fiber) and insulin resistance. In addition, findings from 
meal test trials showed that, compared to non-risk-allele carriers, consumption of meals with different percentages 
of total dietary fat in healthy risk-allele carriers increased glucose concentrations and impaired insulin sensitivity. 
However, ten RCTs, with intervention periods of less than ten weeks and more than one year, showed that TCF7L2 did 
not modify glycemic parameters in response to a dietary intervention involving different macronutrients. However, 
two weight loss dietary RCTs with more than 1-year duration showed that serum glucose and insulin levels decreased 
and insulin resistance improved in non-risk allele subjects with overweight/obesity. Regarding artichoke extract sup‑
plementation (ALE), two RCTs observed that ALE supplementation significantly decreased insulin concentration and 
improved insulin resistance in the TT genotype of the rs7903146 variant of TCF7L2. In addition, four studies suggested 
that physical activity levels and smoking status modified the association between TCF7L2 and glycemic parameters. 
However, three studies observed no effect of TCF7L2 on glycemic parameters in participants with different levels of 
physical activity and smoking status.

Conclusion:  The modification effects of TCF7L2 on the relation between the lifestyle factors (diet, physical activity, 
and smoking status) and glycemic parameters were contradictory.
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Introduction
Type 2 diabetes (T2DM) has become a serious global 
health problem. The International Diabetes Federation 
has reported that 463 million adults were living with 
diabetes worldwide in 2019. This number is estimated 
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to rise to 700 million by 2045 [1]. T2DM is identified as 
one of the major causes of premature disease, disability, 
and death which imposes a heavy burden on the health-
care system [2]. According to the large population stud-
ies, the effect of genetics on the pathogenesis of T2DM 
is estimated to be 20–25% [3–5]. Among candidate genes 
related to T2DM, one of the strongest genes is Transcrip-
tion factor 7 like 2 (TCF7L2), which can predispose sub-
jects to T2DM regarding the Genome-Wide Association 
Studies (GWAS) [4, 6]. Among different polymorphisms 
of the TCF7L2 gene, the T risk-allele of the rs7903146 
is attributed to the strongest risk of T2DM [7]. Previous 
studies suggested that TCF7L2 predisposes the risk-allele 
carriers to T2DM through an impairment in glucagon-
like peptide-1-induced insulin secretion, an impairment 
in β cell function, and insulin secretion, reduces insulin’s 
ability to suppress hepatic endogenous glucose produc-
tion, and the induction of insulin resistance [8–12].

To precisely examine the effect of TCF7L2, and its pol-
ymorphisms on T2DM development, understanding of 
modification effect of TCF7L2 on the relation between 
lifestyle factors and glycemic parameters is critical. 
Although narrative and systematic reviews have reported 
evidence on gene-diet interaction on T2DM [13–24], 
evidence for gene-diet interactions on glycemic status is 
scarce [25]. Some studies showed that TCF7L2 modified 
the relation between lifestyle factors and insulin resist-
ance, insulin processing and secretion, insulin action, and 
glucose concentrations [26–29]. However, no interaction 
has been reported in other studies [30–34]. Therefore, we 
aimed to systematically review the literature that investi-
gated the modification effect of TCF7L2 on the relation 
between glycemic parameters and lifestyle factors.

Methods
The study protocol was designed as a priori and registered 
in the International Prospective Register of Systematic 
Reviews (PROSPERO) (identifier ID: CRD42020196327) 
and adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement 
guidelines [35].

The Ethics Committee of the Research Institute for 
Endocrine Sciences, affiliated with Shahid Beheshti Uni-
versity of Medical Sciences (Tehran, Iran), approved the 
study design (IR.SBMU.ENDOCRINE.1400.104).

Search strategy
A systematic literature search for relevant publications 
was performed using electronic databases, including 
PubMed, EMBASE, Scopus, and Web of Science, from 
January 1, 2000, to November 2, 2021, with no lan-
guage restrictions if the abstract was published in Eng-
lish. Moreover, hand-searching the reference list of the 

eligible studies and key journals supplemented the elec-
tronic database searches. Search terms were TCF7L2, 
glycemic parameters, and lifestyle factors. The full details 
of the search strategy are shown in Table S1.

Selection criteria
Based on the inclusion criteria, the study selection was 
independently done by two investigators (S.HN and 
S.H). Any disagreements were resolved by consultation 
with the third investigator (P.M). Studies were eligible 
to include in this systematic review if they evaluated the 
modification effect of TCF7L2 on the relation between 
glycemic parameters and lifestyle factors (diet, smok-
ing status, and physical activity). Both observational and 
interventional studies were included. The exclusion crite-
ria were as follows: 1) duplicated studies, 2) non-original 
papers (reviews, meta-analyses, editorials, or letters), 2) 
experimental studies (cell or animal studies), and 3) non-
relevant articles that did not report the glycemic param-
eters changes by TCF7L2 genotype according to lifestyle 
factors. In the current study, conducting a meta-analysis 
was impossible because of significant heterogeneity in 
methodology, dietary determinants, and the study popu-
lation of included studies.

Data extraction
Two reviewers (S.HN and S.H) independently per-
formed data extraction from the eligible studies using a 
standard data extraction form. Data were cross-checked, 
and discrepancies were handled through input from a 
third independent reviewer (P.M). Following items were 
extracted from each included study: first author’s name, 
year of publication, study name, country of study, study 
design, study population, age, gender, body mass index 
(BMI), the genotype of TCF7L2, number of participants, 
glycemic parameters, and type of intervention and dura-
tion of interventions, and outcomes. Additionally, for 
observational studies, follow-up duration, assessment 
method of lifestyle factors, and adjusted covariates were 
extracted.

Quality assessment
Quality assessment of studies based on gene-lifestyle 
interaction on glycemic parameters was conducted based 
on eight items: interaction based on the primary goal, a 
statistical test for interaction, correction for multiple 
testing, correction for ethnicity, Hardy–Weinberg Equi-
librium, the test of group similarity at baseline, sample 
size and study details [14]. The quality of randomized 
control trials (RCTs) was assessed using the Rob2 tool 
[36]. The Newcastle–Ottawa Assessment Scale (NOS) 
applied quality assessment for observational studies [37].
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Results
Figure 1 indicates the PRISMA flow diagram of the litera-
ture search and selection process. A total of 8381 articles 
were identified from databases (521 from PubMed, 6508 
from Scopus, 901 from Embase, and 451 from Web of Sci-
ences). All duplicated studies (1566), animal or cell studies 
(1097), review or editorial articles (2867), and studies not 
investigating the modification effect of diet on the asso-
ciation between TCF7L2 and glycemic parameters were 
excluded (2733). From the remaining 118 studies, studies 
that examined the modification effect of dietary variables 
on the association between genetic risk score, instead 
of TCF7L2, on glycemic parameters (n = 14), and stud-
ies investigated the modification effects of dietary vari-
ables on the association between TCF7L2 and T2DM but 
reported no data on glycemic parameters (n = 67) were 
excluded. Ultimately, 38 studies were included in the sys-
tematic review. The characteristics of the 38 studies are 
represented in Table 1. Out of 22 trials, six studies were 
meal test trials [10, 38–42], 13 studies were dietary inter-
vention RCTs [26–28, 32–34, 43–49], two studies were 
physical activity RCTs [11, 50] and one study was both 
meal test trial and dietary intervention RCT [29]. Of 16 

observational studies, 11 were nutritional cross-sectional 
[51–60], and prospective [61] studies and five cross-sec-
tional and prospective studies [30, 31, 62–64] investi-
gated the modification effect of TCF7l2 on the association 
between lifestyle factors (physical activity and smoking 
status) and glycemic parameters. The publication time 
ranged from 2006 to 2021.

Characteristics of studies
Meal test trials
Of the seven studies included, six studies were done 
in Europe [10, 29, 38, 39, 41, 42] and one study in 
Brazil [40]. The most frequently studied variant was 
rs7903146 [10, 29, 38–42]. Subjects were healthy males 
[10, 29, 38, 41], males with non-diabetes [42], partici-
pants with impaired fasting glucose (IFG) or impaired 
glucose tolerance (IGT) who were at risk of develop-
ing T2DM [39], and subjects with T2DM with disease 
duration < 10  years [40]. Four studies were conducted 
on subjects with BMI ≥ 25  kg/m2 [38–40, 42] and oth-
ers on subjects with BMI < 25 [10, 41]. The dietary inter-
ventions included a standardized high carbohydrate 
meal (89% carbohydrate, 11% protein, and 0% fat) [42], 

Fig. 1  Flowchart diagram for study selection of systematic review (based on PRISMA guideline)
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500  cal breakfast (50% carbohydrate, 30% protein, and 
20% fat) [40], a test meal consisting of 50 g white bread, 
50 g black bread, 10 g butter, 40 g cheese, 20 g sugar-free 
jam and 200  ml milk (47% carbohydrate, 19% protein, 
and 34% fat) [38], a standard meal test (25% carbohy-
drate, 10% protein, and 65% fat) [29], high fat overfeed-
ing diet (50% excess energy, 60% fat) [10], and standard 
mixed meal consisting 75  g of glucose, 60  g of cheese 
and one boiled egg [39]. Only one study investigated the 
effects of standard meals and physical activity, including 
light bicycle exercise [41].

Dietary intervention RCTs
Of 14 studies, seven were conducted in Europe [26, 28, 
29, 32, 46–48], three in the USA [27, 33, 34], two in Mex-
ico [43, 44], and two in Iran [45, 49]. The most frequently 
studied variant was rs7903146 [26–28, 32–34, 43–47]. 
Trials were conducted on participants with impaired 
glucose tolerance (IGT) (FPG of < 125  mg/dL and a 2-h 
post-load plasma glucose 140 to 199  mg/dL, which is 
measured during a 75-g oral glucose load) [33], adult 
participants with obesity [27, 28, 32], children with over-
weight [26], participants with T2DM [43], and metabolic 
syndrome [29, 44–46, 49], elderly participants aged over 
65 years [29], and participants who were at risk of devel-
oping T2DM (based on impaired glucose tolerance, diag-
nosis of gestational diabetes, diagnosis of the polycystic 
ovarian syndrome, atherogenic lipoprotein phenotype, 
BMI ≥ 24, had a family history of diabetes) [34, 47, 48]. 
Studies in Europe used low fat (20–25%) and high fat 
(40–45%) hypo-energetic diet (-600  kcal/day) [32], high 
saturated fatty acids (SFA) and high glycemic index (SFA, 
18% energy; monounsaturated fatty acids (MUFA), 12% 
energy), high mono-unsaturated fatty acids (MUFA)/high 
glycemic index (MUFA, 20% energy; SFA, 10% energy), 
high MUFA/low glucemic ndex (SFA, 10% energy; 
MUFA, 11% energy), low fat/high glycemic index (SFA, 
10% energy; MUFA, 11% energy), and low fat/low glyce-
mic index (SFA, 10% energy; MUFA, 11% energy) [48], 
low fat (20–25% of energy from fat, 15% from protein, 
and 60–65% from carbohydrate) and high fat diet ((40–
45% of energy from fat, 15% from protein, and 40–45% 
from carbohydrate) hypocaloric diet (-600 kcal/day) [28], 
and high fat/high SFA (16% from SFA), high fat/high 
MUFA (20% from MUFA), low fat/high carbohydrate 
(28% from fat and included a 1.24 g/d supplement from 
PUFA capsules), low fat/high carbohydrate (28% from fat 
and included a 1.24 g/d supplement from sunflower seed 
oil capsules) [29].

Studies in Mexico used a dietary pattern that included 
nopal, chia seeds, oats, and soybean protein as a food rich 
in fiber [44], and dietary interventions in which intake of 
fiber was from nopal tortillas or wheat bread [43], and 

Iranian studies used artichoke leaf extract supplementa-
tion [45, 49]. Others investigated the intensive lifestyle 
modifications [26, 27, 33, 34, 46, 47]. Intensive lifestyle 
intervention included the lifestyle intervention aiming 
for ≥ 7% weight loss and ≥ 150  min of physical activ-
ity per week during 2.5 years of follow-up [33, 34], ≥ 5% 
weight loss, reduction of caloric intake from fat to < 30% 
and an increase of fiber intake to at least 15 g/1000 kcal 
and ≥ 3 h of moderate physical activity per week during 
the 2-year intervention [47], the general recommenda-
tion-based program of lifestyle intervention carried out 
by trained professionals versus standard unstructured 
information given by family physicians during the 1-y 
intervention [46], physical exercise, nutrition education, 
and behavioral therapy, including the individual psycho-
logical care during the 1-year intervention [26], low-fat 
diet (20% from total energy) and high-fat diet (40% from 
total energy) hypocaloric diet (-750  kcal) during two 
years [27]. The trials’ sample size ranged from 20 [29] to 
3548 [33] subjects, with a mean age of 20 to 67 years.

Nutritional observational studies
The characteristics of the 11 included observational stud-
ies are shown in Table 1. All studies were cross-sectional 
except one that was cohort with a 7.5-year follow-up [61]. 
Seven studies were carried out in Europe [52–55, 59–61], 
and others were in Canada [51], Algeria [56], the USA 
[57], and India [58]. Rs7903146 was the most important 
studied variant [51, 53–59, 61]. Ten studies included both 
biological sex, and only one study was done on women 
with gestational diabetes mellitus [59]. The number of 
participants ranged from 120 [57] to 48,000 [52]. Dif-
ferent methods were used to assess the dietary intake, 
including self-reported measurements (food frequency 
questionnaire [52, 55, 56, 58, 59, 61], 3-day food diaries 
[51, 60], and 7-day dietary recall [54] and biomarkers 
(plasma fatty acids) [53, 57].

Other lifestyle (smoking and physical activity) observational 
and clinical trials studies
The study characteristics are shown in Table 1. Five stud-
ies were observational [30, 31, 62–64], and two were 
clinical trials [11, 50]. Most studies were carried out in 
Europe [11, 30, 62], and others were conducted in the 
USA and Canada [50], Korea [64], Europe and Africa 
[31], and Taiwan [63]. Five studies investigated whether 
different variants of the TCF7L2 gene modify the asso-
ciation between physical activity and glycemic homeosta-
sis [11, 30, 50, 62, 64]. Only two studies investigated the 
modulation effects of rs4132670 and rs12243326 on the 
association between smoking status and glycemic param-
eters [31, 63]. Most studies included both biological sex. 
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The average BMI and age range were 23.0 to 40.8 kg/m2 
and 25.6 to 76.9 years, respectively.

Methodological quality assessment
Among 38 studies assessed for their methodological qual-
ity in gen-lifestyle interaction effects on glycemic param-
eters, 11 studies had high, 25 had intermediate, and two 
had poor quality. Small sample size, missing information 
for the similarity between participants with risk and non-
risk allele at baseline, and no correction for multiple test-
ing often reduced methodological quality (Table S2).

Among 14 RCTs, ten studies met all the criteria for 
methodological quality assessment according to the Rob2 
tool. Three studies were considered of some concern, and 
one study was considered high-risk (Table S3). According 
to NOS, the observational studies were considered good 
and very good (Tables S4, and S5).

Main finding
Meal test trials
The effect of TCF7L2 rs7903146 on glycemic parame-
ters following a standardized test meal is contradictory. 
Among healthy glucose tolerant individuals, a standard 
test meal includes 50 g white bread, 50 g black bread, 10 g 
butter, 40 g cheese, 20 g sugar-free jam, and 200 ml milk 
(47% carbohydrate, 19% protein, and 34% fat) [38], high-
fat diet including 65% fat, 10% protein and 25% carbohy-
drate [29], high fat overfeeding diet (50% excess energy, 
60% fat) [10], and high carbohydrate test meal (89% car-
bohydrate, 11% protein and 0% fat) [42] increased glu-
cose concentration among TT allele carriers. Only one 
study reported no effect of rs7903146 on plasma glucose 
after standard meal ingestion, which included standard 
breakfast, lunch, dinner, and a standardized light exercise 
[41]. Among IFG participants, consumption of standard 
meals (consisting of 75  g glucose, 60  g cheese, and one 
boiled egg) reduced plasma glucose peak levels in T-car-
riers [39], but in patients with T2DM, no differences in 
fasting plasma glucose were observed in both the CC and 
CT/TT groups, after meal test which consisted of 50% 
carbohydrate, 30% protein and 20% fat [40].

No difference in insulin concentration was shown 
among healthy glucose tolerant individuals with risk and 
non-risk alleles in response to the ingestion of standard 
meals with different contents of macronutrients (47–89% 
carbohydrate, 11–19% protein, 0–34% fat) [38, 41, 42]. 
In contrast, plasma insulin concentrations were signifi-
cantly higher in the T-carrying group after the inges-
tion of standard meals in impaired fasting glucose (IFG), 
impaired glucose tolerance (IGT), and type 2 diabetes 
participants [39, 40].

In glucose tolerance individuals, insulin resistance 
decreased more among C than T allele carriers [10, 42], 

but in IFG and/or IGT participants, no difference in glu-
cose sensitivity was observed between the risk and non-
risk alleles [39]. Among healthy glucose tolerant males, 
β-cell dysfunction was reduced among T allele carriers 
after ingestion of a standard meal which included stand-
ard breakfast, lunch, dinner, and a standardized light 
exercise [41], but beta-cell dysfunction did not differ 
between risk and non-risk allele carriers after ingestion 
of high-fat diet with 60–65% fat [10, 29].

Dietary intervention RCTs
Findings from studies on participants at risk of T2DM 
and participants with metabolic syndrome and T2DM 
reported that TCF7L2 variants did not modulate the 
effect of dietary interventions on glycemic parameters 
[29, 33, 34, 43, 46–48]. In Diabetes Prevention Program 
(DDP) and Diabetes Prevention Program Outcomes 
Study (DPPOS), in response to lifestyle modification, no 
difference in insulin concentration, insulin-secretion, or 
insulin-sensitivity indices was observed by rs7903146 
and rs12255372 over a one-year follow-up among partici-
pants who were at risk of progression to T2DM [33, 34]. 
In the RISK study, TCF7L2 SNP rs7901695 did not mod-
ulate the effect of dietary interventions on the change of 
acute insulin secretion, insulin sensitivity, and deposition 
index (a measure of the beta cell’s ability to compensate 
for changes in insulin resistance) during 24  weeks of 
intervention in participants who were at risk of T2DM 
[48]. In Tuebingen Lifestyle Intervention Program 
(TULIP), during a 9-month exercise and dietary interven-
tion, no significant effects of rs11196205 and rs7895340 
on glucose changes, 2-h glucose, insulin sensitivity, and 
insulin secretion were observed among participants who 
were at risk of type 2 diabetes [47]. Among subject with 
risk or non-risk allele of rs7903146 with metabolic syn-
drome, there was no differences in insulin, homeostatic 
model assessment of β-cell function (HOMA-β), and 
the homeostasis  model assessment-estimated insulin 
resistance (HOMA-IR) after general recommendations 
regarding healthy diet, physical activity, and behavior 
modifications that given by trained professionals [46].

Homeostatic model assessment
Regarding the weight loss dietary interventions with 
calorie  restriction to 500- 600  kcal/day, three studies 
using hypocaloric diets for 8 to 10 weeks reported no sig-
nificant effect of TCF7L2 rs7903146 on fasting glucose, 
insulin concentrations, insulin secretion, insulin resist-
ance, and HOMA-β in overweight, obese, and metabolic 
syndrome subjects [28, 32, 44]. However, in long-term 
weight loss dietary interventions, individuals with non-
diabetes, overweight and obese, and rs12255372 risk 
genotype had greater decreases in glucose and insulin 
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concentrations per unit reduction in BMI compared to 
the non-risk allele [27]. In addition, lifestyle interventions 
among overweight children showed that improvement in 
insulin resistance was lower among T allele carriers [26].

Regarding the artichoke extract supplementation 
(ALE), two studies observed that ALE supplementation 
significantly decreased the insulin concentration and 
HOMA-IR in the TT genotype of the rs7903146 vari-
ant of TCF7L2 [45, 49]. There were no significant differ-
ences between the groups in TCF7L2 rs790316 variants 
in response to ALE supplementation [45].

Nutritional observational studies
The most commonly investigated dietary exposure was 
dietary fat intake (total dietary fat and SFA) and plasma 
fatty acids concentrations [51, 53, 57, 58, 61], followed by 
protein, carbohydrate, dietary fiber, whole grains, milk, 
desserts [52, 54, 56, 60] and Mediterranean dietary pattern 
[55, 59]. In a Quebec family study, among different variants 
of the TCF7L2 gene, the rs12573128 genotype modified 
the association between total dietary fat intake and glyce-
mic parameters; values of insulin sensitivity and glucose 
tolerance were higher among carriers of the rs12573128 
A/A genotype with lower, but not higher, total dietary 
fat intake [51]. In the LIPGENE study, during a 7.5-year 
follow-up, high intake of SFA was associated with impair-
ment of insulin sensitivity and higher insulin concentra-
tions in the T-risk  allele of  rs7903146, compared to the 
non-risk allele [61]. Among subjects with high concentra-
tions of SFA and free fatty acid (FFA), insulin concentration 
and HOMA-IR were higher in the TT rs11196224, GA/AA 
rs290481, and TT rs7903146 compared to the wild-type 
allele [53, 57]. However, in Chennai Urban Rural Epidemi-
ology Study (CURES), no interaction was found between 
rs12255372 and rs7901695 and total dietary fat intake on 
fasting blood glucose [58, 60], hemoglobin A1c  (HbA1c), 
HOMA-IR, and HOMA-β [60]. Furthermore, the TCF7L2 
rs7903146 variant modified the association between con-
sumption of dietary fiber; and dessert, but not milk, and 
glycemic parameters [54, 56]. The CC genotype carriers, 
but not the TT genotype, had lower HbA1c levels with 
higher fiber intake [54], and consumption of one dessert/
day was associated with higher fasting plasma glucose con-
centrations in rs7903146 T allele carriers [56]. However, in 
a meta-analysis of 14 cohorts, no interaction was observed 
between glucose and insulin concentrations, rs4506565, 
and whole grains [52]. In addition, adherence to the Medi-
terranean dietary pattern modified the effect of rs7903146 
polymorphism on glucose concentration. In low adher-
ence levels, glucose concentration was higher in TT indi-
viduals; compared to CT/CC. However, in high adherence, 
no difference in glucose concentration was found between 
individuals with risk and non-risk alleles [55, 59].

Other lifestyle (smoking and physical activity) observational 
studies
The modification effect of TCF7L2 variants on the effect 
of physical activity levels on glycemic parameters was 
contradictory. The TCF7L2 rs4506565 T-allele tends to 
positively associate with glucose levels, insulin concen-
trations, and HOMA-IR in participants with low, but 
not high, physical activity levels [64]. In contrast, the 
rs7903146 T allele was associated with impaired glucose 
regulation and 2-h glucose in the active participants [62]. 
In addition, in response to bed-rest, insulin concentra-
tions and insulin secretion were significantly lower in 
rs7903146 TT/CT genotype compared to the CC geno-
type [11]. Furthermore, an interaction was seen between 
two single nucleotide polymorphisms (SNPs) (rs4132670 
and rs12243326) and smoking on HbA1c and fasting 
blood glucose in the active smoking participants [63]. 
However, three studies observed no effects of rs12243326 
and rs7903146 on glycemic parameters in participants 
with different levels of physical activity [30, 50] and 
smoking status [31].

Discussion
This study systematically reviewed 38 articles on the 
modification effect of TCF7L2 on the relation between 
lifestyle and glycemic parameters. In the current system-
atic review, observational studies showed that TCF7L2 
modified the association between the diet (including die-
tary and serum fatty acids and fiber) and insulin resist-
ance. In contrast, the effect of this gene on other glycemic 
parameters, including glucose and insulin concentra-
tions, was inconsistent. Most observational studies had 
been conducted on participants with non-diabetes show-
ing that TCF7L2 modified the association between diet 
(fatty acids and fiber) and insulin resistance. In addition, 
findings from meal test trials showed that among healthy 
risk allele carriers, consumption of meals with different 
percentages of total dietary fat, increased glucose con-
centrations, and impaired insulin resistance compared to 
non-risk allele carriers. However, ten randomized con-
trolled trials with an intervention period of fewer than 
ten weeks and more than one year showed that TCF7L2 
did not modify glycemic parameters in response to a 
dietary intervention involving different macronutrients. 
However, two weight loss dietary interventions with a 
duration > one year showed an improvement in insulin 
resistance and a decreases in glucose and insulin con-
centrations in non-risk allele subjects with overweight/
obesity. Two RCTs observed that ALE supplementa-
tion significantly decreased insulin concentration and 
HOMA-IR in the TT genotype of the rs7903146 variant 
of TCF7L2. Four studies suggest that physical activity lev-
els and smoking status modified the association between 
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TCF7L2 and glycemic parameters. However, three stud-
ies observed no effect of rs12243326 and rs7903146 on 
glycemic parameters in participants with different levels 
of physical activity and smoking status.

The discrepancy between the findings of observa-
tional studies and trials may be due to differences in 
the study population, dietary determinants, and weight 
change. Most included observational studies had been 
conducted among subjects with non-diabetes, and in 
most of them, insulin resistance was further impaired 
with high consumption of fatty acids or high concen-
tration of plasma fatty acids in risk allele carriers of 
TCF7L2 [51, 53, 57, 61]. Although previous studies 
have suggested that impairment in β-cell function pre-
disposes the risk-allele carriers of the TCF7L2 variants 
to the progression of T2DM [8, 9], the dysfunction in 
β-cell may be due to the insulin resistance that is more 
pronounced in healthy T-allele risk carriers [10, 11]. 
There is evidence that participants with a family his-
tory of diabetes and genetic background of T2DM 
responded differentially to dietary and pharmacologi-
cal treatment [65, 66]. Regarding the metformin treat-
ment, in participants with a new diagnosis of T2DM, 
insulin resistance decreased more among T-allele car-
riers. However, this response became less efficacious 
among participants with the progression of the disease 
[65]. In addition, the dietary intervention had little 
effect on the prevention and delay in initiating glucose-
lowering treatment in subjects with a family history of 
T2DM and those with high hepatic insulin resistance 
and β-cell dysfunction [66]. Moreover, in observational 
studies, the effect of fatty acids (both diet and plasma) 
on the relationship between TCF7L2 and glycemic 
parameters has been more studied [51, 53, 57, 61]. Fatty 
acids induce insulin resistance [67, 68], and this effect 
was more pronounced in TCF7L2 risk-allele carriers 
[51, 53, 57, 61].

In line with the observational studies, findings from 
meal test trials showed that among healthy risk allele 
carriers, consumption of high-fat meals, increased 
hepatic production of glucose, serum glucose concen-
trations, and impaired insulin resistance, compared to 
non-risk allele carriers [10, 38, 40, 42]. However, most 
RCTs showed that TCF7L2 did not modify glycemic 
parameters in response to dietary interventions [28, 
29, 34, 47, 50]. This discrepancy can be due to several 
reasons. First, the target population in randomized 
trials were overweight and obese subjects who were 
predisposed to insulin resistance and T2DM. As men-
tioned above, the difference in response to treatment 
was reported between the TCF7L2 risk allele and the 
non-risk allele in the early but not in the late stage of 

diabetes [65, 66]. Second, the influence of TCF7L2 on 
glycemic parameters can be modified by weight loss. 
In two trials, weight loss led to better glycemic control 
in the TCF7L2 risk genotype compared to the non-risk 
genotype [26, 27]. However, in other trials, no influence 
of this gene on glycemic parameters happened, along 
with any change in weight during dietary interventions 
[28, 29, 34, 47, 50]. This may be due to the that TCF7L2 
also regulates adipose tissue via the Wnt pathway, and 
a potential association has been suggested between 
TCF7L2 and obesity development [67]. Third, macro-
nutrient distribution, depending on TCF7l2 genotype, 
may also influence improvement in cardiometabolic 
risk factors [69]. In the POUNDS LOST and NUGE-
NOB studies, a more significant reduction in weight, 
waist circumference, and insulin resistance was docu-
mented in response to a low-fat diet, but not a high-fat 
diet, in individuals with risk alleles of rs12255372 and 
rs7903146 genotypes [27, 28]. This finding aligns with 
observational studies, which showed that the TCF7L2 
might interact with fatty acids on insulin resistance 
status [51, 53, 57, 61]. Future observational cohort 
research and randomized controlled trials on TCF7L2-
diet interaction on glycemic parameters can provide 
opportunities to understand the exact mechanism of 
this gene and whether this information leads to deter-
mining effective strategies for the prevention and man-
agement of T2DM.

In our systematic review, the methodological quality 
of included observational studies was intermediate and 
high. In most of these studies, the modification effect 
of TCF7L2 on diet and glycemic parameters had been 
assessed as the primary outcome, and multiple testing 
has been controlled, Hardy Weinberg reported, finding 
adjusted for BMI, and dietary variables had been assessed 
using valid and reliable FFQs. However, most of these 
observational studies were cross-sectional, which can-
not prove causality, and had been conducted in Europe, 
which limits generalizability to other countries. Also, 
these studies included subjects with non-diabetes that 
cannot be extrapolated to other subjects, such as T2DM. 
In addition, despite the high quality of methodology in 
trials, interpretation of findings should be made with 
caution because most RCTs were not primarily designed 
for this purpose; therefore, their findings were reported 
based on post-hoc analysis, and subjects did not stratify 
based on TCF7L2 genotypes, the accuracy of diet assess-
ment in the evaluation of adherence to interventions was 
limited, and the sample size was small. Moreover, regard-
ing the great heterogeneity in methodology, dietary 
determinants, and study population conducting a meta-
analysis was impossible.
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Conclusion
To date, limited studies have been conducted on the 
modification effect of TCF7L2 on lifestyle factors to 
improve glycemic parameters. In the current study, 
the modification effects of TCF7L2 on the relation 
between the dietary intervention and glycemic param-
eters were observed in observational studies and 
weight loss RCTs. Weight can play an important role 
in the modification effect of this gene on the relation-
ship between dietary factors and glycemic parameters. 
In addition, the modification effects of TCF7L2 on the 
relation between the lifestyle factors (physical activ-
ity and smoking status) and glycemic parameters were 
contradictory.
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