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Interaction between CETP 
polymorphism and dietary 
insulin index and load in relation 
to cardiovascular risk factors 
in diabetic adults
Faezeh Abaj1, Masoumeh Rafiee2* & Fariba Koohdani3*

Gene–diet interactions may play an important role in the inter individual diversity observed in on 
cardiovascular disease (CVD) risk factors. Therefore, in the current study, we examined the interaction 
of CETP TaqB1 polymorphism with dietary insulin index and load (DII and DIL), in altering on CVD 
risk factors among type 2 diabetes mellitus (T2DM). In this cross-sectional study, blood samples 
were collected from 220 type 2 diabetic patients (134 females and 86 male) with a mean age of 
52.24 years in Tehran, Iran. DIL and DII were obtained via validated food-frequency questionnaire 
(FFQ). Taq1B polymorphism was genotyped by the polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) method. Biochemical markers including total cholesterol (TC), 
low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglyceride (TG), superoxide dismutase 
(SOD), C-reactive protein (CRP), total antioxidant capacity (TAC), pentraxin-3 (PTX3), isoprostaneF2α 
(PGF2α). interleukin 18 (IL18), leptin and ghrelin were measured by standard protocol. Patients 
with B1B1 genotype had lower lipid profiles include LDL/HDL (P < 0.001) and TG (P = 0.04) when they 
consumed diets higher on the DIL and DII index. Moreover, carriers of B2B2 genotype who were in 
the last tertile of DIL had higher antioxidant and inflammatory markers include SOD (P = 0.01), PGF2α 
(P = 0.04) and CRP (P = 0.02). Further, a significant interaction between CETP TaqB1 and DII was shown 
in terms of WC (P = 0.01), where the highest WC were observed in B2B2 genotype carriers following 
a DII score. However, the highest inflammatory and antioxidant markers include CRP (P = 0.04), TAC 
(P = 0.01), SOD (P = 0.02), and PGF2α (P = 0.02) were observed in B2B2 genotype carriers when they 
consumed diets higher on the DII index. Based on the current study, it could be proposed that CETP 
polymorphism may be associated with CVD risk factors in T2DM patients with high following insulin 
indices, including DII and DIL. It seems that CETP Taq1B polymorphism can invert the result produced 
by insulin. This conclusion illustrates that the CETP Taq1B B1 allele could counteract the CVD risk 
induced by high DII and DIL.

Type 2 diabetes mellitus (T2DM) is a metabolic disorder that imposes an enormous burden on public health, 
which raise to 700 million by  20451. Patients with T2DM should be considered at high risk of  CVD2. In this 
way, the mortality rate in patients with T2DM two-to-four-fold increased risk versus non-CVD  patients2. As 
a multifactorial condition, T2DM and CVD are also determined by environmental conditions such as dietary 
intake and genetic variations, which have been related to 50% of  incidence3.

Recently, emerging data suggest that one of the main genetic targets is the cholesteryl ester transfer protein 
(CETP), which plays a crucial role in regulating lipid  metabolism4. CETP is involved in the reverse cholesterol 
transport process by mediating the exchange of cholesteryl esters (CEs) and TGs from HDL to LDL in peripheral 
tissues to the  hepatocytes5. CETP activity causes decrease and increase in serum levels of HDL-C and LDL-C, 
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respectively, which may increase the risk of  CVD6. The CETP gene is very polymorphic in humans, such that 
rs708272 (also called Taq1B) has been widely studied among CETP  polymorphisms7. According to various 
studies, there is a relationship between rs708272 and various CVD risk factors including T2DM, hypertension, 
dyslipidemia, and low HDL, although the evidence is controversial: other studies have indicated a lack of such 
 associations7–9.

On the other hand, one of the most important of environmental factors is diet, which play a major role in 
development of T2DM and  CVD10. It seems that foods can induce postprandial insulin secretion and affect the 
management of hyperlipidemia, CVD, obesity, and  DM11. With regards to the hypothesis of insulinogenic effects 
of the foods on the progression of the CVD, insulin indices including DII and DIL have been  proposed12. DII 
and DIL can more accurately predict insulin response to overall food consumption compare to other indices. 
Importantly, DII and DIL could directly estimate the quantify and qualify of insulin secretion in response to 
the carbohydrate and protein rich foods, certain amino acids, and fatty  acids13,14. Relatively few studies in the 
literature have investigated the correlation between DII, DIL, and risk of diabetes and CVD, and the correlation 
remains unclear within current nutrition  research15,16.

Several studies which showed inconsistent results may be explained by the mixed effects of the SNP genetic 
and lifestyle factors (e.g. DII and DIL dietary) in lipid and glycemic metabolism, may play a main role in changes 
in metabolic  condition17. Therefore, the interaction between genetics and diet in terms of nutrigenetic approach 
is essential in assessing these associations, which are still not well  understood18. Some findings revealed that 
the CETP polymorphism interacts with dietary carbohydrate intake on metabolic factors, such as hypertension, 
dyslipidemia, obesity, insulin resistance (IR) and  DM19. In this regard, several studies proposed a potential 
interaction between CETP SNP and dietary fat on plasma lipid and lipoprotein  concentrations20–22. However, the 
number of researchers did not show that the TaqIB polymorphism in the CETP gene can affect cardio-metabolic 
responses to dietary  intakes23–25.

To the authors’ knowledge, there has been no previous evaluating the interaction between the DII, DIL and 
CETP polymorphism towards CVD risk factors. Gene–diet interactions may play an important role in the inter 
individual diversity observed in anthropometric variables, inflammatory and antioxidant markers, serum levels 
of lipid and lipoproteins and as a result on CVD risk. Therefore, in the current study, we examined the interaction 
of CETP TaqB1 with dietary insulin index and load, in altering on cardiovascular risk factors including obesity 
indices (WC and BMI), lipid profiles (TG, HDL, LDL/HDL), inflammatory markers (IL-18, CRP, and PGF2α), 
and antioxidant markers (TAC and SOD).

Results
General characteristics and dietary intake according to CETP rs708272 genotype. In the current 
study, 220 patients with T2DM were evaluated. The genotype distributions were within HWE (P-value > 0.05). 
Table 1 shows the general characteristics based on each participant’s genotype. No significant difference was 
identified in the age, anthropometric data, physical activity and dietary intake between the three genotype 
groups.

Association between baseline characteristic and metabolic markers with dietary insulin indi-
ces. A statistical analysis of the basic information of patients, among DIL and DII tertiles, are presented in 
Tables 2 and 3 respectively. Higher tertiles of DIL and DII was associated with higher DIL and DII score respec-
tively (P = 0.001). Individuals following a DIL (P = 0.001) and DII (P = 0.006) was more likely to be male. Subjects 

Table 1.  General characteristics and dietary intake according to CETP rs708272 genotype. Values are 
means ± SDs. a ANOVA tests (crude model). b ANCOVA tests (adjusted for energy).

CETP (rs708272)

P valueB1B1 B1B2 B2B2

Age (year) 53.05 ± 4.92 52.51 ± 6.64 50.78 ± 6.17 0.26a

Weight, kg 77.45 ± 21.62 76.51 ± 14.62 75.44 ± 12.14 0.87a

Height, cm 161.05 ± 10.68 161.74 ± 9.76 161.84 ± 8.95 0.95a

BMI, kg/m2 29.52 ± 5.98 29.24 ± 5.05 28.84 ± 4.32 0.86a

WC, cm 90.57 ± 14.81 91.71 ± 12.19 91.81 ± 10.03 0.92a

Physical activity, MET 37.46 ± 5.47 38 ± 5.23 39 ± 5.45 0.47a

Total energy intake, kcal/day 2284.08 ± 572.5 2534.57 ± 870.01 2772.58 ± 1070.74 0.12a

Carbohydrate, g/day 297.98 ± 63.32 340.15 ± 117.61 349.98 ± 166.36 0.39b

Protein, g/day 78 ± 16.10 89.85 ± 32.95 90.20 ± 39.09 0.15b

Total fat, g/day 93.66 ± 41.91 99.07 ± 47.79 114.21 ± 53.29 0.21b

Saturated fatty acids, g/day 26 ± 9.32 26.86 ± 10.99 30.20 ± 13.71 0.28b

Monounsaturated fatty acids, g/day 32.16 ± 16.04 34.57 ± 18.76 39.44 ± 19.94 0.56b

Polyunsaturated fatty acids, g/day 22.77 ± 14.11 24.54 ± 14.86 28.44 ± 15.42 0.58b

Cholesterol, (mg/day) 216.56 ± 63.71 22.54 ± 185.77 239.53 ± 115.22 0.84b

Dietary fiber, g/day 34.74 ± 14.34 43.78 ± 22.27 42.64 ± 27.19 0.20b
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with a higher DIL tertile presented greater energy intake values (P = 0.001). Patients in the highest tertile of DIL 
(P = 0.01) and DII (P = 0.01) were more likely to have lower ghrelin concentrations. The subjects with a higher 
tertile of DIL have more TG concentration (P = 0.04). There were no statically significant differences in terms of 
other variables (P > 0.05).

Interaction between CETP Taq1B polymorphism and dietary insulin indices on cardiovascular 
risk factors. Tables 4 and 5 show the interactions between CETP TaqB1 polymorphism and DIL and DII on 
anthropometric indices and several biochemical markers.

Interactions between CETP TaqB1 polymorphism and DIL were significant in terms of WC 
 (P1-interaction = 0.07,  P2-interaction = 0.04) after adjusting potential confounders: carriers of B2B2 genotype 
who were in the last tertile of DIL had higher WC. Besides, CETP TaqB1 polymorphism and DIL interactions 
were significant in terms of lipid markers include LDL/HDL  (P1-interaction < 0.001,  P2-interaction < 0.001), 
TG  (P1-interaction = 0.03,  P2-interaction = 0.04), and HDL  (P1-interaction = 0.03,  P2-interaction = 0.01) in both 
crude and adjustment model: carriers of the B1B1 genotype had lower LDL/HDL, TG, and higher HDL when 
they consumed diets higher on the DIL index.

Also, CETP TaqB1 polymorphism and DIL interactions were significant in terms of antioxidant and inflam-
matory markers include SOD  (P1-interaction = 0.008,  P2-interaction = 0.01), PGF2α  (P1-interaction = 0.06, 
 P2-interaction = 0.02) and CRP  (P1-interaction = 0.02,  P2-interaction = 0.02); higher SOD, PGF2α and CRP, values 
were observed in B2B2 genotype carriers when they consumed diets higher on the DIL index. Although IL-18 
was significant in the crude model (P = 0.02), after adjusting for potential confounders including age, gender, 
physical activity, smoking, alcohol consumption, and familial history of diabetes, this significance was disap-
peared (p = 0.06) (Table 4).

Table 2.  The association between baseline characteristic and metabolic markers with dietary insulin load 
(DIL). Data are presented as mean ± standard deviation (SD) or percent or Median ± IQR* (TG, hs.CRP, DIL 
and DII). DIL: dietary insulin load; DII: dietary insulin index; BMI: body mass index; HDL-c high density 
lipoprotein cholesterol; LDL-c: low density lipoprotein cholesterol; CH: cholesterol; TG: triglyceride; CRP: 
C-reactive protein; PTX3: Pentraxin 3; IL18: interleukin 18; TAC: total antioxidant capacity; SOD: superoxide 
dismutase; PGF2α: prostaglandinF2α. a Obtained from ANOVA or Chi-square or Kruskal–Wallis test where 
appropriate. Bold values denote statistical significance at the p < 0.05 level.

Metabolic markers (N)

Tertiles of DIL

PaT1 T2 T3

Sex (Male) N% (220) 19 (22.1%) 26 (30.2%) 41 (47.7%) 0.001

Cigarette smoking (yes) N% (220) 17 (37.8%) 14 (31.1%) 14 (31.1%) 0.76

Alcohol consumption (yes) N% (220) 1 (25%) 2 (50%) 1 (25%) 0.78

Familial history of diabetes (yes) N% (220) 65 (34.6%) 64 (34%) 59 (31.4%) 0.35

Glucose-lowering medication (220)
Metformin and glybenclamid N% 26 (28.3%) 37 (40.2%) 29 (31.5%) 0.19

Other medications N% 47 (36.7%) 37 (28.9%) 44 (34.4%)

Age (year) (220) 52.41 ± 6.13 52.76 ± 6.7 51.53 ± 6.94 0.49

BMI (kg/m2) (220) 28.74 ± 5.3 29.96 ± 4.58 28.86 ± 5.06 0.15

WC (cm) (220) 90.37 ± 14.04 92.77 ± 10.44 91.74 ± 11.37 0.33

Physical activity (Met.wk) (220) 38.65 ± 6.01 38.39 ± 4.6 37.38 ± 5.16 0.31

Energy intake (kcal/day) (220) 1890.67 ± 399.49 2481.65 ± 497.49 3288.51 ± 1010.12  < 0.001

DIL score* (220) 77,060.59 ± 17,094.69 108,647.14 ± 16,732.69 177,050.8451 ± 104,959.09  < 0.001

DII score* (220) 40.20 ± 7.42 45.67 ± 7.59 57.46 ± 34.05  < 0.001

HDL-c (mg/dl) (220) 53.95 ± 10.15 52.5 ± 12.17 53.5 ± 11.78 0.54

LDL-c (mg/dl) (220) 120.46 ± 31.6 117.62 ± 32.11 117.53 ± 38.52 0.82

CH (mg/dl) (220) 215.2 ± 99 204.04 ± 59.71 213.36 ± 67.77 0.44

LDL/HDL (220) 2.28 ± 0.65 2.30 ± 0.64 4.79 ± 21.51 0.69

TG (mg/dl)* (220) 114.50 ± 136.75 123.5 ± 274.25 173 ± 136 0.04

Leptin (ng/ml) (172) 24.18 ± 15.03 22.55 ± 15.55 24.89 ± 16.8 0.93

Ghrelin (ng/ml) (172) 2.22 ± 1.08 2.55 ± 1.29 1.88 ± 0.73 0.01

hs.CRP (mg/L)* (159) 2.63 ± 2.35 2.86 ± 2.83 3.65 ± 1.90 0.08

PTX3 (ng/ml) (159) 2.67 ± 0.39 2.74 ± 0.44 2.81 ± 0.55 0.65

IL18 (pg/ml) (159) 244.24 ± 30.83 248.75 ± 28.03 252.56 ± 28.70 0.64

TAC (g/dl) (159) 2.55 ± 0.63 2.33 ± 0.46 2.34 ± 0.34 0.34

SOD (U/ml) (159) 0.14 ± 0.04 0.13 ± 0.03 0.15 ± 0.06 0.5

PGF2α (pg/ml) (159) 72.77 ± 6.32 75.73 ± 6.15 71.53 ± 8.09 0.25
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Further, a significant interaction between CETP TaqB1 and DII was shown in terms of WC 
 (P1-interaction = 0.02,  P2-interaction = 0.01), where the highest WC were observed in B2B2 genotype carri-
ers following a DII score. A significant interaction between CETP rs708272 and DII was shown in terms of 
lipid markers include TG  (P1-interaction = 0.02,  P2-interaction = 0.02) and LDL/HDL  (P1-interaction < 0.001, 
 P2-interaction < 0.001): B1B1 homozygotes in the highest tertile of DII had lower TG concentration and LDL/
HDL ratioAlso, a significant interaction between CETP TaqB1 and DII was shown in terms of antioxidant 
and inflammatory markers CRP  (P1-interaction = 0.008,  P2-interaction = 0.04) TAC  (P1-interaction = 0.02, 
 P2-interaction = 0.01), SOD  (P1-interaction = 0.001,  P2-interaction = 0.02), and PGF2α  (P1-interaction = 0.05, 
 P2-interaction = 0.02): individuals with B2B2 genotype in the last tertile of DII had higher CRP, TAC, SOD, and 
PGF2α (Table 5).

Discussion
The key findings of the current study were the significant interaction result of CETP rs708272 polymorphism 
with DIL and DII on obesity indices (WC and BMI), lipid profiles (TG, HDL, LDL/HDL), inflammatory markers 
(IL-18, CRP, and PGF2α), and antioxidant markers (TAC and SOD) in T2DM patients.

In the present study, B2B2 genotype carriers in the last tertile of DII and DIL were have greater WC as a central 
obesity marker. CETP Taq1B polymorphism was found to be able to increase the association between dietary 
insulin indices and obesity. Although several studies have reported an association between DIL and DII scores 
and  obesity26,27, the interaction between DII and DIL with CETP polymorphism on obesity was not evaluated yet. 
A high score of DIL and DII may lead to greater body fat formation by promoting pre-adipocytes differentiation 
and proliferation to  adipocytes26,27. Besides, a higher insulin indices score may cause reductions in insulin sen-
sitivity and lipolysis and body fat accumulation by increasing insulin growth factor-1 (IGF-1)28–30. Additionally, 
CETP polymorphisms was associated with an elevated risk of obesity and obesity-related  diseases31–33. Although 
plasma CETP activity has been reported to be elevated in obese  subjects34–38, this elevation is eliminated with the 

Table 3.  The association between baseline characteristic and metabolic markers with dietary insulin index 
(DII). Data are presented as mean ± standard deviation (SD) or percent or Median ± IQR* (TG, hs.CRP, DIL 
and DII). DIL: dietary insulin load; DII: dietary insulin index; BMI: body mass index; HDL-c high density 
lipoprotein cholesterol; LDL-c: low density lipoprotein cholesterol; CH: cholesterol; TG: triglyceride; CRP: 
C-reactive protein; PTX3: Pentraxin 3; IL18: interleukin 18; TAC: total antioxidant capacity; SOD: superoxide 
dismutase; PGF2α: prostaglandinF2α .a: Obtained from ANOVA. Bold values denote statistical significance at 
the p < 0.05 level.

Metabolic markers (N)

Tertiles of DII

PaT1 T2 T3

Sex (male) (220) 18 (20.9%) 31 (36%) 37 (43%) 0.006

Cigarette smoking (yes) N% (220) 17 (37.8%) 13 (28.9%) 15 (33.3%) 0.64

Alcohol consumption (yes) N% (220) 1 (25%) 2 (50%) 1 (25%) 0.79

Familial history of diabetes (yes) N% (220) 62 (33%) 63 (33.5%) 63 (33.5%) 0.91

Glucose-lowering medication (220)
Metformin and glybenclamid N% 28 (30.4%) 37 (40.2%) 27 (29.3%) 0.26

Other medications N% 44 (34.4%) 38(29.7%) 46 (35.9%)

Age (year) (220) 52.72 ± 5.96 51.76 ± 6.95 52.25 ± 6.39 0.66

BMI (kg/m2) (220) 29.03 ± 4.55 29.86 ± 6.07 28.67 ± 4.12 0.46

WC (cm) (220) 90.81 ± 10.63 93.49 ± 14.4 90.54 ± 10.53 0.84

Physical activity (Met.wk) (220) 38.59 ± 6.2 38.12 ± 4.82 37.73 ± 4.78 0.62

Energy intake (kcal/day) (220) 2547.45 ± 879.53 2389.18 ± 744.25 2736.63 ± 1018.57 0.06

DIL* (220) 80,291.31 ± 38,739.74 102,185.87 ± 32,635.11 165,478.10 ± 113,442.12  < 0.001

DII* (220) 38.03 ± 5.38 45.57 ± 3.33 60.14 ± 29.11  < 0.001

HDL-c (mg/dl) (220) 53.43 ± 11.48 53.06 ± 10.69 53.46 ± 12.08 0.99

LDL-c (mg/dl) (220) 119.51 ± 33.64 115.37 ± 29.29 120.82 ± 38.97 0.76

CH (mg/dl) (220) 211.01 ± 62.89 218.98 ± 99.1 202.36 ± 63.4 0.54

LDL/HDL (220) 2.27 ± 0.6 2.24 ± 0.63 4.87 ± 21.50 0.29

TG (mg/dl)* (220) 114.50 ± 136.75 123.50 ± 274.25 173 ± 136 0.35

Leptin (ng/ml) (172) 22.33 ± 14.01 25.4 ± 17.03 23.64 ± 16.04 0.84

Ghrelin (ng/ml) (172) 1.99 ± 0.43 2.68 ± 1.4 1.86 ± 0.87 0.01

hs.CRP (mg/L)* (159) 2.63 ± 2.35 2.86 ± 2.83 3.65 ± 1.90 0.31

PTX3 (ng/ml) (159) 2.67 ± 0.39 2.68 ± 0.42 2.83 ± 0.52 0.51

IL18 (pg/ml) (159) 247.20 ± 32.45 244.87 ± 27.71 250.15 ± 28.71 0.86

TAC (g/dl) (159) 2.51 ± 0.58 2.4 ± 0.6 2.44 ± 0.41 0.78

SOD (U/ml) (159) 0.14 ± 0.03 0.13 ± 0.04 0.15 ± 0.05 0.29

PGF2α (pg/ml) (159) 73.61 ± 6.93 73.21 ± 5.87 72.38 ± 7.88 0.85
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development of  T2DM35,39,40. Experimental studies reported that expression of CETP in a diabetic obese animal 
that cannot normally express CETP, prevented the development of atherosclerotic lesions when they consumed 
diet-induced  obesity41. Although, B2 allele of this polymorphism is associated with decreased CETP  activity42,43 
and CETP  concentration44,45. Moreover, previous studies, that suggested there is an inverse association between 
plasma glucose and CETP activity in T2DM  patients46,47. Therefore, in our study diabetic patients carriers, B2 
allele with reduced CETP activity who consume a diet with higher insulin index which might be associated 
with higher plasma glucose may act synergistically to elevate a patient’s susceptibility to impaired postprandial 
metabolism, which relates to  obesity48.

The present results also demonstrated the highest inflammatory factors (CRP and PGF2α) in the B2B2 
genotype carriers who follow a DIL score and DII. As indicated in the findings, there was a significant interac-
tion between Taq1B CETP polymorphism and DII/DIL in association with anthropometric indices. Numerous 
findings have reported obesity as causing chronic low-grade inflammatory disorder, contributing to the pro-
gression of T2DM and  CVD49. In these conditions, human adipose tissue secretes a high level of inflammatory 
markers, including IL-18, CRP, and PGF2α50. A further novel finding is Taq1B polymorphism was able to inverse 
the association of DII and DIL and oxidant status, so that the highest TAC and SOD was observed in the B2B2 
genotype following a DIL and DII. However, there is no available study about the relation between DIL/DII and 
CETP polymorphism interaction with antioxidant status, several studies have reported that insulin concentra-
tions and insulin resistance lead to an imbalance between oxidant and antioxidant systems, a condition known 
as oxidative  stress51. In recent years, oxidative stress has been implicated in T2DM pathogenesis via reduced 

Table 4.  Mean values of CVD risk factors across CETP genotypes (B1B, B1B2, B2B2) based on low and high 
DIL intake. Mean values of cardiovascular risk factors across CETP genotypes (B1B1, B1B2, B2B2) based 
on tertiles of DIL intake. P1: P-value for curd model; P2: P-value for the adjusted model by age, gender, 
physical activity, smoking, alcohol consumption, and familial history of diabetes. Bold values denote statistical 
significance at the p < 0.05 level.

Variables DIL

Mean ± SD P1 P2

B1B1 B1B2 B2B2 Model (1) Model (2)

WC (cm) 0.07 0.04
T1 93.51 ± 3.95 91.75 ± 1.66 88.50 ± 3.28

T2 95.33 ± 4.84 92.30 ± 1.59 93.53 ± 3.28

T3 95.5 ± 5.92 91.06 ± 1.61 94.53 ± 3.16

TG (mg/dl) 0.03 0.04
T1 349.83 ± 46.92 164.86 ± 16.25 150.46 ± 31.87

T2 223.25 ± 57.46 195.15 ± 15.93 169.69 ± 31.87

T3 145.88 ± 38.13 182.09 ± 15.78 196.86 ± 29.67

HDL (mg/dl) 0.03 0.01
T1 51.66 ± 4.47 53.64 ± 1.53 54.33 ± 2.83

T2 56.88 ± 3.65 50.21 ± 1.47 53.53 ± 3.04

T3 58.50 ± 5.48 52.90 ± 1.49 55.15 ± 3.04

LDL/HDL  < 0.001  < 0.001
T1 4.89 ± 5.34 2.34 ± 1.49 2.20 ± 2.96

T2 2.20 ± 4.36 2.38 ± 1.44 2.02 ± 2.96

T3 2.08 ± 3.56 2.22 ± 1.45 2.29 ± 2.76

CRP (mg/l) 0.02 0.02
T1 1.71 ± 0.45 2.37 ± 0.29 2.67 ± 0.64

T2 3.23 ± 1.28 2.15 ± 0.38 3.43 ± 1.28

T3 4.69 ± 0.74 2.88 ± 0.38 5.43 ± 1.28

IL18(pg/ml) 0.02 0.06
T1 253.85 ± 9.47 243.72 ± 6.15 227.47 ± 13.40

T2 236.43 ± 26.81 244.69 ± 8.08 238.56 ± 15.48

T3 284.34 ± 26.81 253.49 ± 8.08 305.80 ± 16.81

SOD (U/ml) 0.008 0.01
T1 0.14 ± 0.01 0.14 ± 0.009 0.11 ± 0.04

T2 0.10 ± 0.04 0.13 ± 0.01 0.14 ± 0.02

T3 0.07 ± 0.04 0.14 ± 0.01 0.21 ± 0.02

PGF2alpha (pg/ml) 0.06 0.02
T1 74.62 ± 2.24 71.89 ± 1.45 61 ± 6.36

T2 75 ± 6.36 75.86 ± 1.91 74.66 ± 3.67

T3 73.25 ± 3.18 71.63 ± 1.91 75 ± 6.36
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antioxidant enzyme activity, such as SOD and TAC 52. It seems that CETP Taq1B polymorphism can invert the 
result produced by insulin.

Finally, another promising finding was the significant interaction between Taq1B polymorphism and DII/DIL 
on lipid profile markers, including TG, HDL, and LDL/HDL. The lowest TG and LDL/HDL, and the highest HDL, 
were observed in the B1B1 genotype carriers following a DIL and DII. In line with our study, systematic reviews 
showed that the B1B1 genotype is associated with a better response to nutritional interventions, compared with 
carriers of B2  alleles53. There has been limited study of interaction between Taq1B polymorphism and dietary 
intake. In this regard, Gammon et al. has showed a significant interaction, where B1B1 homozygotes had a lower 
TG/HDL ratio after a kiwifruit intervention, compared to a control diet, while B2 carriers were not  affected54. 
Nahid Ramezani-Jolfaie et al. revealed that, for diabetic patients, dietary oil treatments would be more helpful 
(lower LDL; HDL, TG; HDL, TC; HDL, Insulin, and HOMA-IR) among subjects with B1B1 alleles than among 
B2 allele  carriers55. Some authors have also suggested that subjects with B1B1 allele of CETP polymorphism 
showed a better response in regards to high carbohydrate dietary interventions. Overall these findings are in 
accordance with findings reported by Juan Dua et al., demonstrating that males with CETP Taq1B B1B1 allele 
have higher apo A-I and HDL concentrations after following a high carbohydrate and low fat (HC/LF) diet for 

Table 5.  Mean values of CVD risk factors across CETP genotypes (B1B, B1B2, B2B2) based on low and high 
DII intake. Mean values of cardiovascular risk factors across CETP genotypes (B1B1, B1B2, B2B2) based on 
tertiles of DII intake. P1: P-value for curd model; P2: P-value for the adjusted model by age, gender, physical 
activity, smoking, alcohol consumption, and familial history of diabetes. Bold values denote statistical 
significance at the p < 0.05 level.

Variables DII

Mean ± SD P1 P2

B1B1 B1B2 B2B2 Model (1) Model (2)

BMI (kg/m2) 0.20 0.08
T1 29.39 ± 1.31 29.16 ± 0.72 28.10 ± 1.41

T2 28.10 ± 1.35 30.19 ± 0.64 31.23 ± 2.83

T3 29.01 ± 1.35 28.32 ± 0.65 32.48 ± 2.45

WC (cm) 0.02 0.01
T1 93.33 ± 3.35 90.50 ± 1.71 86.34 ± 3.22

T2 95.5 ± 6.71 94.91 ± 1.52 94.85 ± 3.10

T3 95.5 ± 5.81 89.39 ± 1.55 97 ± 3.22

TG (mg/dl) 0.02 0.02
T1 486 ± 65.26 185.82 ± 16.85 159.35 ± 30.21

T2 223.25 ± 56.51 192.78 ± 15.10 191.64 ± 30.21

T3 162.83 ± 32.63 164.51 ± 15.38 169.30 ± 31.35

LDL (mg/dl) 0.08 0.08
T1 143.75 ± 16.77 117.5 ± 4.94 131.57 ± 8.96

T2 114.33 ± 19.37 116.91 ± 4.40 118.21 ± 8.96

T3 113.16 ± 9.68 119.82 ± 4.48 109.07 ± 9.30

LDL/HDL  < 0.001  < 0.001
T1 4.89 ± 5.34 2.28 ± 1.57 2.37 ± 2.85

T2 2.14 ± 6.17 2.33 ± 1.40 1.88 ± 2.85

T3 2.13 ± 3.08 2.33 ± 1.42 2.28 ± 2.96

CRP (mg/l) 0.008 0.04
T1 1.71 ± 0.45 2.22 ± 0.36 2.12 ± 0.73

T2 2.43 ± 1.27 2.58 ± 0.33 3.87 ± 0.90

T3 3.23 ± 1.27 2.50 ± 0.34 4.69 ± 0.73

TAC (g/dl) 0.02 0.01
T1 2.76 ± 0.17 2.43 ± 0.14 2 ± 0.35

T2 2.1 ± 0.49 2.31 ± 0.12 2.56 ± 0.28

T3 2.5 ± 0.49 2.41 ± 0.13 2.93 ± 0.28

SOD (U/ml) 0.001 0.02
T1 0.14 ± 0.01 0.15 ± 0.01 0.10 ± 0.02

T2 0.10 ± 0.03 0.13 ± 0.01 0.16 ± 0.02

T3 0.07 ± 0.03 0.15 ± 0.01 0.21 ± 0.02

PGF2alpha (pg/ml) 0.05 0.02
T1 74.62 ± 2.26 72.12 ± 1.85 70.33 ± 3.70

T2 75 ± 6.41 73.66 ± 1.65 74.66 ± 3.70

T3 75.5 ± 6.41 72.71 ± 1.71 78. 5 ± 4.53
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6  days22. Besides, Perez et al. reported that carriers of B2 alleles who consumed sucrose as more than 5% of total 
kcal/day had higher TC and LDL serum levels, compared to B1B1  homozygotes56. A series of recent studies have 
indicated that plasma CETP activity decreased by hyperinsulinemia condition in healthy subjects, but not in 
diabetic  patients57. Siewert et al. suggested that insulin has a direct influence on CETP, but in IR conditions, this 
particular insulin action may be  diminished58. Therefore, it is suggested that diabetic patients with B1B1 allele 
may be counteracted with CETP activity and HDL plasma reduction.

Limitation and strength. Limitations of the present study including the cross-sectional design, so any 
causality cannot be argued; the use of FFQ for dietary assessing, which may have resulted in memory bias; small 
sample size, which may have led to weak statistical to determine significant results. Furthermore, our partici-
pants were from the Iranian country which may not be generalized due to racial and regional differences (52). 
Due to financial limitations, it was not possible to perform western blot analysis to determine whether rs708272 
SNP alters the expression of CETP. Despite the limitations mentioned above, this is the first effort to study the 
interaction between CETP rs708272 polymorphism and dietary insulin indices on cardio-metabolic risk factors. 
Recognition of these gene-diet interactions could be determining in prescribe personalized nutritional recom-
mendations for the improvement and management of CVD risk in T2DM patients. Finally, these results can be 
used in combination with a patient’s genetic history to provide more applicable and tailored nutritional advice 
for preventing or attenuating cardiovascular disease in T2DM patients.

Conclusion
Based on the current study, it could be proposed that CETP polymorphism may be associated with CVD risk 
factors in T2DM patients with high following insulin indices, including DII and DIL. This conclusion illustrates 
that the CETP Taq1B B1 allele could counteract the CVD risk induced by high DII and DIL. This could be criti-
cal for clinical diagnosis and gene-based therapy. Due to the limited nature of the study, further research with 
larger sample size is warranted to assess the results on other populations.

Methods
Study population. A cross-sectional study was designed with 220 diabetic patients in Tehran, Iran, who had 
participated in a large study conducted  previously59. Diabetic patients who had fasting blood sugar > 126 mg/dl 
or were using glucose-lowering medications without a history of inflammatory diseases, CVD, stroke, and can-
cers were included in the study. Besides, patients who were pregnant, addict, taking anti-inflammatory medica-
tions and using insulin, lactating patients, and also their total calorie intake was not in range between 800 and 
4200 were excluded. All study subjects gave their written informed consent and the study was conducted based 
on the Declaration of Helsinki, and Ethics Committee of the Tehran University of Medical Sciences approved 
the protocol (no. 15060).

General, anthropometric and physical activity assessments. Information such as age, disease his-
tory, and medication was collected from each participant by questionnaire. Anthropometric measurements, 
including height (m) and weight (kg) were evaluated without shoes, and using a digital scale; waist circumfer-
ence (WC) was evaluated at the narrowest part of the abdomen. Finally, body mass index (BMI) was computed 
by dividing weight (kg) by height squared (meters). Physical activity was measured by the short-form Interna-
tional Physical Activity Questionnaire (IPAQ)60.

Biochemical assessments. After fasting for 12–14 h, all blood samples were obtained and centrifuged 
for 10 min at 3000 rpm to extract serums, which were then aliquoted into 1 ml tubes and refrigerated at 70 °C 
until analysis. The samples were tested using an auto-analyzer BT 1500 (Selectra 2; Vital Scientific, Spankeren, 
Netherlands). The levels of TG and TC in the blood were determined using an enzymatic technique and com-
mercially available kits (Pars Azmoon, Iran). Serum levels of HDL-C and LDL-C were determined by turbidim-
etry on a Roche Hitachi analyzer (Roche, Germany). The serum levels of leptin and ghrelin were also determined 
using the ELISA method (Bioassay Technology Co, China and Mediagnost, Germany, respectively). The ELISA 
method was used to determine the amounts of inflammatory markers in the blood, such as IL-18 and PTX3 
(Shanghai Crystal Day Biotech Co., Ltd). The IL-18 ELISA kit had a sensitivity of 28 ng/l, and the intra-assay 
and interassay coefficients of variation (CV) were less than 10% and 12%, respectively. The PTX3 ELISA kit has a 
sensitivity of 0.05 ng/ml, and the intra-assay and interassay CVs were less than 10% and 12%, respectively. ELISA 
was used to assess hs-CRP levels in the blood (Diagnostic Biochem Canada Inc., London, Ontario, Canada). 
The intra-assay and interassay CVs were both less than 5% and 9.5%, respectively. Spectrophometry was used to 
determine the serum’s total antioxidant capacity (TAC). The colorimetric approach was used to determine the 
serum enzymatic activity of superoxide dismutase (SOD) (Cayman Chemical Company, USA). ELISA (Shang-
hai Crystal Day Biot) was used to determine the concentration of 8-isoprostane F2 in the blood. All assessment 
was conducted at the Nutrition and Genomics Laboratory at TUMS.

Dietary assessment. A validated 147-item food-frequency questionnaire (FFQ) was used to obtain a com-
mon dietary intake for  patients61. The FFQ contained 147 food items with standard portion sizes commonly used 
by Iranians, based upon on measurements widely used in the community (e.g. number of slices for bread, glasses 
for drinks, plates for rice, etc.)62. The portion sizes in the FFQ were converted into amounts of foods consumed. 
An expert interviewer carried out the FFQ and recorded participant responses. All reported consumption fre-
quencies were converted to grams per day using household measures. The daily consumption of nutrients and 
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total energy were calculated for each subject by using the Iranian food composition table (FCT) and the United 
States Department of Agriculture (USDA) guidelines. Validity and reliability of the FFQ have been confirmed 
 previously63.

Assessment of DIL and DII. DII was based on prior studies conducted by Brand-Miller64. DII calculates 
the incremental insulin area under the curve over 2 h, in response to the consumption of a 1000-kJ portion 
of the test food, then divided by the area under the curve after ingestion of a 1000-kJ portion of the reference 
 food14,64,65. In the current study, food items in the FFQ and the Brand-Miller study were matched in terms of 
energy content, carbohydrates, fiber, protein, and fat. To evaluate the average DIL, the insulin load from each 
food over the past year was calculated by the formula:

By summing up the insulin load from each food, DIL was determined. The DII of each food was computed 
by dividing DIL by total energy intake.

Genotyping. DNA genotyping was carried out by the salting-out extraction method, as previously 
 published66. CETP polymorphism (rs708272) was genotyped by the polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) method. The PCR technique was employed by using primer (F:50-
CAC TAG CCC AGA GAG AGG AGTG-30; R: 50-TGA GCC CAG CCG CAC ACT AAC-30). 2% agarose gel electro-
phoresis was used to analyze the product.

Statistical analysis. All data were analyzed using IBM SPSS Statistics (version 25; SPSS Inc., IL). Signifi-
cance level was considered P < 0.05, and normality was analyzed by Kolmogorov Smirnov test.

Adherence to Hardy–Weinberg equilibrium (HWE) was determined by using the chi-square test. The means 
of variables across the tertiles of DII and DIL were expressed as means ± SDs. Crude means between three geno-
types (B1B1, B1B2, and B2B2) groups were compared using a one-way ANOVA test. The interaction between 
CETP rs708272 polymorphism and insulin indices (DII and DIL) on CVD risk factor (BMI, WC, HDL, LDL, 
LDL/HDL, TC, TG, CRP, IL-18, TAC, SOD, PGF2α) was performed by a generalized linear regression model 
(GLM) in both the crude and adjusted models. In all interaction analyses (DIL and DII), age, gender, physical 
activity, smoking, alcohol consumption, and familial history of diabetes were matched in the adjusted model. 
Further, all analysis based on DIL was adjusted to energy intake.

Data availability
The data are not publicly available due to containing private information of participants. Data are however avail-
able from the authors upon reasonable request and with permission of Fariba Koohdani.

Received: 28 February 2021; Accepted: 24 June 2021

References
 1. Aschner, P. et al. International Diabetes Federation’s Diabetes Epidemiological Guide Writing Group. The International Diabetes 

Federation’s guide for diabetes epidemiological studies. Diabetes Res Clin Pract. 172, 108630. https:// doi. org/ 10. 1016/j. diabr es. 
2020. 108630 (2021)

 2. Wittwer, J. A., Golden, S. H. & Joseph, J. J. Diabetes and CVD risk: Special considerations in African Americans related to care. 
Curr. Cardiovasc. Risk Rep. 14, 1–14 (2020).

 3. Buraczynska, M. et al. Interleukin-18 gene polymorphism and risk of CVD in older patients with type 2 diabetes mellitus. Diabetes 
Res. Clin. Pract. 121, 178–183 (2016).

 4. Blauw, L. L. et al. CETP (cholesteryl ester transfer protein) concentration: A genome-wide association study followed by Mendelian 
randomization on coronary artery disease. Circul. Genomic Precis. Med. 11, e002034 (2018).

 5. Millwood, I. Y. et al. Association of CETP gene variants with risk for vascular and nonvascular diseases among Chinese adults. 
JAMA Cardiol. 3, 34–43 (2018).

 6. Raposo, H. F. et al. Fibrates and fish oil, but not corn oil, up-regulate the expression of the cholesteryl ester transfer protein (CETP) 
gene. J. Nutr. Biochem. 25, 669–674 (2014).

 7. Semaev, S. et al. Association of RS708272 (CETP gene variant) with lipid profile parameters and the risk of myocardial infarction 
in the white population of western Siberia. Biomolecules 9, 739 (2019).

 8. El-Lebedy, D. JCd. Interaction between endothelial nitric oxide synthase rs1799983, cholesteryl ester-transfer protein rs708272 
and angiopoietin-like protein 8 rs2278426 gene variants highly elevates the risk of type 2 diabetes mellitus and cardiovascular 
disease. Cardiovasc. Diabetol. 17, 97 (2018).

 9. Raina, J. K. et al. Association of ESR1 (rs2234693 and rs9340799), CETP (rs708272), MTHFR (rs1801133 and rs2274976) and MS 
(rs185087) polymorphisms with Coronary Artery Disease (CAD). BMC Cardiovasc. Disord. 20, 1–13 (2020).

 10. Mirmiran, P. et al. Western dietary pattern increases risk of cardiovascular disease in Iranian adults: A prospective population-
based study. Appl. Physiol. Nutr. Metab. 42, 326–332 (2017).

 11. Frendo-Cumbo, S., MacPherson, R. E. & Wright, D. C. Beneficial effects of combined resveratrol and metformin therapy in treating 
diet-induced insulin resistance. Physiol. Rep. 4, e12877 (2016).

 12. Teymoori, F. et al. The association between dietary glycemic and insulin indices with incidence of cardiovascular disease: Tehran 
lipid and glucose study. BMC Public Health 20, 1–10 (2020).

 13. Yari, Z. et al. New insight into diabetes management: From glycemic index to dietary insulin index. Curr. Diabetes Rev. 16, 293–300 
(2020).

 14. Nimptsch, K. et al. Dietary insulin index and insulin load in relation to biomarkers of glycemic control, plasma lipids, and inflam-
mation markers. Am. J. Clin. Nutr. 94, 182–190 (2011).

 15. Teymoori, F. et al. The association of dietary insulin and glycemic indices with the risk of type 2 diabetes. Clin. Nutr. 40, 2138–2144 
(2021).

Insulin load of food = Insulin index of food × energy content of food
(

kcal/day
)

https://doi.org/10.1016/j.diabres.2020.108630
https://doi.org/10.1016/j.diabres.2020.108630


9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:15906  | https://doi.org/10.1038/s41598-021-95359-y

www.nature.com/scientificreports/

 16. Teymoori, F. et al. The association between dietary glycemic and insulin indices with incidence of cardiovascular disease: Tehran 
lipid and glucose study. BMC Public Health 20, 1496 (2020).

 17. Lee DH, Giovannucci EL, Tabung FK. Insulin-related dietary indices predict 24-h urinary C-peptide in adult men. Br J Nutr. 1–8. 
https:// doi. org/ 10. 1017/ S0007 11452 00021 84 (2020)

 18. Comerford, K. B. & Pasin, G. Gene–dairy food interactions and health outcomes: A review of nutrigenetic studies. Nutrients 9, 
710 (2017).

 19. Al-Azzawie, A. F., Al-sugmiany, R. Z. & Salih, N. A. Cholesteryl ester transfer protein Taq1B gene polymorphism in some Iraqi 
patients with lipid disorders. Eur. J. Biosci. 13, 253–258 (2019).

 20. Kalantar, Z. et al. Differences in the interaction between CETP Taq1B polymorphism and dietary fat intake on lipid profile of 
normolipedemic and dyslipidemic patients with type 2 diabetes mellitus. Clin. Nutr. 37, 270–275 (2018).

 21. Estévez-González, M. D. et al. HDL cholesterol levels in children with mild hypercholesterolemia: Effect of consuming skim milk 
enriched with olive oil and modulation by the TAQ 1B polymorphism in the CETP gene. Ann. Nutr. Metab. 56, 288–293 (2010).

 22. Du, J. et al. TaqIB polymorphism in the CETP gene modulates the impact of HC/LF diet on the HDL profile in healthy Chinese 
young adults. J. Nutr. Biochem. 21, 1114–1119 (2010).

 23. Corella, D. et al. Gene-environment interactions of CETP gene variation in a high cardiovascular risk Mediterranean population. 
J. Lipid Res. 51, 2798–2807 (2010).

 24. Nettleton, J. A. et al. Associations between HDL-cholesterol and polymorphisms in hepatic lipase and lipoprotein lipase genes are 
modified by dietary fat intake in African American and White adults. Atherosclerosis 194, e131–e140 (2007).

 25. Aitken, W. A. et al. Variation in the cholesteryl ester transfer protein (CETP) gene does not influence individual plasma cholesterol 
response to changes in the nature of dietary fat. Nutr. Metab. Cardiovasc. Dis. 16, 353–363 (2006).

 26. Mirmiran, P. et al. Dietary insulin load and insulin index are associated with the risk of insulin resistance: A prospective approach 
in Tehran lipid and glucose study. J. Diabetes Metab. Disord. 15, 23 (2015).

 27. Anjom-Shoae J. et al. Association between dietary insulin index and load with obesity in adults. Eur J Nutr. 59(4), 1563–1575. 
https:// doi. org/ 10. 1007/ s00394- 019- 02012-6 (2020)

 28. Joslowski, G. et al. Prospective associations of dietary insulin demand, glycemic index, and glycemic load during puberty with 
body composition in young adulthood. Int. J. Obes. 36, 1463–1471 (2012).

 29. Joslowski, G. et al. Dietary glycemic load, insulin load, and weight loss in obese, insulin resistant adolescents: RESIST study. Clin. 
Nutr. 34, 89–94 (2015).

 30. la Fleur, S. et al. A free-choice high-fat high-sugar diet induces glucose intolerance and insulin unresponsiveness to a glucose load 
not explained by obesity. Int. J. Obes. 35, 595–604 (2011).

 31. Ruan, X. et al. TAQIB and I405V polymorphisms of CETP are moderately associated with obesity risk in the Chinese adult popula-
tion. Acta Diabetol. 47, 217–224 (2010).

 32. Hou, H. et al. Association between Six CETP polymorphisms and metabolic syndrome in Uyghur adults from Xinjiang, China. 
Int. J. Environ. Res. Public Health 14, 653 (2017).

 33. Koopal, C. et al. Association between CETP gene polymorphism, insulin resistance and risk of diabetes mellitus in patients with 
vascular disease. Atherosclerosis 242, 605–610 (2015).

 34. Riemens, S. C. et al. Plasma phospholipid transfer protein activity is related to insulin resistance: Impaired acute lowering by 
insulin in obese Type II diabetic patients. Diabetologia 41, 929–934 (1998).

 35. MacLean, P. S. et al. Lipoprotein subpopulation distributions in lean, obese, and type 2 diabetic women: A comparison of African 
and white Americans. Obes. Res. 8, 62–70 (2000).

 36. Hayashibe, H. et al. Increased plasma cholesteryl ester transfer activity in obese children. Atherosclerosis 129, 53–58 (1997).
 37. Dullaart, R. P. et al. Effect of adiposity on plasma lipid transfer protein activities: A possible link between insulin resistance and 

high density lipoprotein metabolism. Eur. J. Clin. Investig. 24, 188–194 (1994).
 38. Arai, T. et al. Increased plasma cholesteryl ester transfer protein in obese subjects. A possible mechanism for the reduction of 

serum HDL cholesterol levels in obesity. Arterioscler. Thromb. J. Vasc. Biol. 14, 1129–1136 (1994).
 39. Kahri, J., Syvänne, M. & Taskinen, M.-R. Plasma cholesteryl ester transfer protein activity in non-insulin-dependent diabetic 

patients with and without coronary artery disease. Metab. Clin. Exp. 43, 1498–1502 (1994).
 40. Hoffer, L. J., Taveroff, A. & Hamadeh, M. J. Dietary protein restriction alters glucose but not protein metabolism in non-insulin-

dependent diabetes mellitus. Metab. Clin. Exp. 47, 1145–1151 (1998).
 41. MacLean, P. S. et al. Cholesteryl ester transfer protein expression prevents diet-induced atherosclerotic lesions in male db/db mice. 

Arterioscler. Thromb. Vasc. Biol. 23, 1412–1415 (2003).
 42. Ordovas, J. M. et al. Association of cholesteryl ester transfer protein–Taq IB polymorphism with variations in lipoprotein subclasses 

and coronary heart disease risk: The Framingham study. Arterioscler. Thromb. Vasc. Biol. 20, 1323–1329 (2000).
 43. Kauma, H. et al. Sex difference in the regulation of plasma high density lipoprotein cholesterol by genetic and environmental 

factors. Hum. Genet. 97, 156–162 (1996).
 44. Klerkx, A. H. et al. Haplotype analysis of the CETP gene: Not TaqIB, but the closely linked–629C→A polymorphism and a novel 

promoter variant are independently associated with CETP concentration. Hum. Mol. Genet. 12, 111–123 (2003).
 45. Dachet, C. et al. New functional promoter polymorphism, CETP/− 629, in cholesteryl ester transfer protein (CETP) gene related 

to CETP mass and high density lipoprotein cholesterol levels: Role of Sp1/Sp3 in transcriptional regulation. Arterioscler. Thromb. 
Vasc. Biol. 20, 507–515 (2000).

 46. MacLean, P. S. et al. Suppression of hepatic cholesteryl ester transfer protein expression in obese humans with the development 
of type 2 diabetes mellitus. J. Clin. Endocrinol. Metab. 90, 2250–2258 (2005).

 47. Siebel, A. L. et al. Effects of high-density lipoprotein elevation with cholesteryl ester transfer protein inhibition on insulin secretion. 
Circ. Res. 113, 167–175 (2013).

 48. Parra, E. S. et al. A reduction of CETP activity, not an increase, is associated with modestly impaired postprandial lipemia and 
increased HDL-Cholesterol in adult asymptomatic women. Lipids Health Dis. 10(1), 1–11 (2011).

 49. Lassale, C. et al. Association between dietary scores and 13-year weight change and obesity risk in a French prospective cohort. 
Int. J. Obes. 36, 1455–1462 (2012).

 50. Bruun, J. M. et al. Interleukin-18 in plasma and adipose tissue: Effects of obesity, insulin resistance, and weight loss. Eur. J. Endo-
crinol. 157, 465–471 (2007).

 51. Styskal, J. et al. Oxidative stress and diabetes: What can we learn about insulin resistance from antioxidant mutant mouse models?. 
Free Radic. Biol. Med. 52, 46–58 (2012).

 52. Maciejczyk, M. et al. Redox Balance, Antioxidant Defense, and Oxidative Damage in the Hypothalamus and Cerebral Cortex of 
Rats with High Fat Diet-Induced Insulin Resistance, Oxidative Medicine and Cellular Longevity 2018(6940515), 11. https:// doi. 
org/ 10. 1155/ 2018/ 69405 15 (2018).

 53. Mirmiran, P. et al. Genetic variations of cholesteryl ester transfer protein and diet interactions in relation to lipid profiles and 
coronary heart disease: A systematic review. Nutr. Metab. 14, 77 (2017).

 54. Gammon, C. S. et al. TaqIB polymorphism in the cholesteryl ester transfer protein (CETP) gene influences lipid responses to the 
consumption of kiwifruit in hypercholesterolaemic men. Br. J. Nutr. 111, 1077–1084 (2014).

 55. Yaghoubi, A. et al. Correlation of serum levels of vitronectin, malondialdehyde and Hs-CRP with disease severity in coronary 
artery disease. J. Cardiovasc. Thorac. Res. 7, 113–117 (2015).

https://doi.org/10.1017/S0007114520002184
https://doi.org/10.1007/s00394-019-02012-6
https://doi.org/10.1155/2018/6940515
https://doi.org/10.1155/2018/6940515


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:15906  | https://doi.org/10.1038/s41598-021-95359-y

www.nature.com/scientificreports/

 56. Campos-Perez, W. et al. Physical inactivity and excessive sucrose consumption are associated with higher serum lipids in subjects 
with Taq1B CETP polymorphism. J. Hum. Nutr. Diet. 33(3), 299–307 (2020).

 57. Riemens, S. C. et al. Plasma phospholipid transfer protein activity is lowered by 24-h insulin and acipimox administration: Blunted 
response to insulin in type 2 diabetic patients. Diabetes 48, 1631–1637 (1999).

 58. Siewert, S. et al. Association of cholesteryl ester transfer protein genotypes with paraoxonase-1 activity, lipid profile and oxidative 
stress in type 2 diabetes mellitus: A study in San Luis, Argentina. J. Diabetes Investig. 6, 67–77 (2015).

 59. Noorshahi, N. et al. APOA II genotypes frequency and their interaction with saturated fatty acids consumption on lipid profile of 
patients with type 2 diabetes. Clin. Nutr. 35, 907–911 (2016).

 60. Puchau, B. et al. Dietary total antioxidant capacity is negatively associated with some metabolic syndrome features in healthy 
young men. Nutrition 26, 534–541 (2009).

 61. Motlagh, A. D. & Tabatabaei, M. Iranain Food Composition Table (Iran Donyaye Taghzieh Press, 2007).
 62. Esfahani, F. H. et al. Reproducibility and relative validity of food group intake in a food frequency questionnaire developed for the 

Tehran Lipid and Glucose Study. J. Epidemiol. 20, 150–158 (2010).
 63. Rezazadeh, A., Omidvar, N. & Tucker, K. L. Food frequency questionnaires developed and validated in Iran: A systematic review. 

Epidemiol. Health 42, e2020015 (2020).
 64. Holt, S. H., Miller, J. C. & Petocz, P. An insulin index of foods: The insulin demand generated by 1000-kJ portions of common 

foods. Am. J. Clin. Nutr. 66, 1264–1276 (1997).
 65. Bao, J. et al. Food insulin index: Physiologic basis for predicting insulin demand evoked by composite meals. Am. J. Clin. Nutr. 90, 

986–992 (2009).
 66. Alvandi, E. et al. Molecular analysis of the RET proto-oncogene key exons in patients with medullary thyroid carcinoma: A com-

prehensive study of the Iranian population. Thyroid 21, 373–382 (2011).

Acknowledgements
The authors would like to thank authorities in Tehran University of Medical Sciences for financial support of 
the study.

Author contributions
F.A. contributed to conception, design, data analyses, data interpretation, and manuscript drafting. M.R.: editing, 
F.K. supervised the study. All authors approved the final manuscript for submission.

Funding
This research was supported by Tehran University of Medical Sciences, Tehran, Iran.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.R. or F.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Interaction between CETP polymorphism and dietary insulin index and load in relation to cardiovascular risk factors in diabetic adults
	Results
	General characteristics and dietary intake according to CETP rs708272 genotype. 
	Association between baseline characteristic and metabolic markers with dietary insulin indices. 
	Interaction between CETP Taq1B polymorphism and dietary insulin indices on cardiovascular risk factors. 

	Discussion
	Limitation and strength. 

	Conclusion
	Methods
	Study population. 
	General, anthropometric and physical activity assessments. 
	Biochemical assessments. 
	Dietary assessment. 
	Assessment of DIL and DII. 
	Genotyping. 
	Statistical analysis. 

	References
	Acknowledgements


