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Abstract

Aim Evidence indicates there are still conflicts regarding CETP Taq1B polymorphism and coronary artery disease risk
factors. Current findings about whether dietary patterns can change the relationship of the Tag1B on lipid profile and
the severity of coronary arteries stenosis appears to be limited. The present research made an attempt to investigate

this possible relationship.

Methods This cross-sectional study involved 453 male and female participants with a mean age of 57 years. A
validated 178-item food frequency questionnaire (FFQ) was used to assess dietary usual intake. Dietary patterns
were extracted through principal component analysis (PCA). Taq1B variant was genotyped by the polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) method. Two-way ANOVA was used to test the
interaction between Tag1B polymorphism and dietary patterns.

Results Two dietary patterns were detected: the western dietary pattern (WDP) and the traditional dietary pattern
(TDP). The frequency of Taq1B genotypes turned out to be 104, 72.4, and 17.2% for B1B1, B1B2, and B2B2, respectively.
A significant difference was observed in TG and TG/HDL-C levels among TagIB genotypes in higher adherence to TDP
(P=0.01 and P=0.03, respectively). Tag1B showed a significant interaction with TDP for modulating TG levels and TG/
HDL-C ratio (P=0.02 and P=0.04, respectively). Greater compliance to WDP demonstrated a significant difference

in TG and TG/HDL-C levels across rs708272 genotypes (P=0.03) after adjusting for confounding factors. Other lipid
components and coronary arteries stenosis scores failed to show any relationship or significant difference across
Taq1B genotypes or dietary patterns.
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Conclusion Adherence to TDP may adjust the association between the Taq1B variant and TG and TG/HDL-C levels in
patients undergoing coronary angiography. To better understand the relationships, we suggest prospective studies in

different race groups with multivariate approaches.

Introduction

Coronary artery disease (CAD) is one of the major forms
of cardiovascular disease (CVD) manifested with com-
plications such as myocardial infarction (MI), angina
stable/unstable, and sudden death [1]. The World Health
Organization (WHO) states that CAD is the biggest con-
tributor to disease burden worldwide and the main cause
of mortality in developing countries [2, 3]. Risk factors,
including age, gender, elevated blood pressure, decreased
physical activity, smoking, unhealthy diet, abnormal lev-
els of serum lipids including increased triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), total cho-
lesterol (TC) and decreased high-density lipoprotein
cholesterol (HDL-C), unfavorable ratio in the lipopro-
teins, obesity, stress, and diabetes mellitus type 2 (DM2)
have all been attributed to CAD upsurge, most of which
can be modifiable [4, 5]. As reported by several studies [6,
7], one of the main risk factors for CAD is atherosclero-
sis. Atherosclerosis can be developed faster when plasma
lipids are abnormal [8]. The evidence suggests that eating
patterns can impact the risk of atherosclerosis by affect-
ing plasma lipids [9, 10]. However, research is under way
to understand the different responses that are observed
among the individuals when they are exposed to a simi-
lar dietary pattern [11, 12]. Based on this, some investi-
gations have proposed that genetic variations, especially
single nucleotide polymorphisms (SNPs), may explain
some of the diverse responses in populations [11].

The (rs708272) TaqlB SNP is located at the 277th
nucleotide of the first intron of the cholesterol ester
transfer protein (CETP) gene on the long arm of chro-
mosome 16q-21 [13]. TaqlB variant is created by a silent
mutation Guanine base (G) to Adenine base (A) so that
G is called Bl allele (frequent allele) with a cutting site
for Taql endonuclease enzyme and A is called B2 allele
(less common allele) without Taql restriction site [14].
CETP gene encodes the plasma CETP which transfers
cholesteryl esters from HDL-C to iatrogenic lipoproteins
in exchange for TG [15].

A host of studies have investigated the association
between the TaqlB variant and lipid profile and CAD
risk, but the results have turned out to be inconsistent.
Studies have explored that the B2 allele, compared to the
B1 one, is associated with the risk of CAD and HDL-C
levels through reduced CETP activity, [16, 17]; however,
the findings may vary in different populations.

The TaqlB variant may interact with dietary compo-
nents to influence lipid levels and CAD risk. There are
conflicting reports on whether dietary fat intake can

modify the effect of TaqlB polymorphism on plasma
lipid levels [18—21]. Similarly, other studies have reported
inconsistent results [15]. Dietary patterns account for the
role of all dietary components and can reveal more real
associations, but studies on the issue are very scarce.

We therefore made an effort to investigate whether
the association of TaqlB with lipid profile levels and the
severity of coronary artery stenosis is modified by adher-
ence to dietary patterns in patients undergoing coronary
angiography.

Methods

This cross-sectional study included 453 patients aged
35 to 75 years of both genders. The sample was calcu-
lated through related parameters by Quanto soft ware
(version 4.2.1). The participants had been referred to
Afshar Hospital in Yazd, Iran, from September 2020
to October 2021 for coronary angiography. The exclu-
sion criteria comprised a history of cancer, myocardial
infarction (MI), chronic heart failure (CHF), percutane-
ous coronary intervention (PCI), coronary artery bypass
grafting (CABQG), kidney failure, liver disease and use of
its medications, certain perceptual or psychological dis-
orders, immune system failure, acquired immunodefi-
ciency syndrome (AIDS), extreme obesity (body mass
index (BMI)>40 kg/m2), restriction in oral intake, preg-
nancy, and lactation. Prior to entering the subjects into
the study, a written informed consent was obtained from
them all. The current study was approved by the Ethical
Committee of Shahid Sadoughi University (SSU) of Med-
ical Sciences in Yazd, Iran (IR.SSU.SPH.REC.1400.079).

Genomic DNA was extracted from whole blood
based on an extraction kit (Simbiolab, Iran). The CETP-
TaqIB variant was genotyped by Polymerase Chain
Reaction-Restriction.

Fragment Length Polymorphism (PCR-RFLP). A vol-
ume of the PCR consisted of 20-pL; 2 pL genomic DAN,
6 pL water, 10 pL Master Mix (Amplicon, Denmark),
and 1 pL of each primer 5-ACTAGCCCAGAGA-
GAGGAGTG-3 as well as 5-CAGCCGCACAC-
TAACCCTA-3 (Sina colon, Iran). The amplification
protocol took account of 1 cycle of primary denaturation
at 95 °C for 5 min, followed by 40 cycles (95 °C for 30 s,
66 °C for 30 s, 72 °C for 30 s) and, final extension at 72 °C
for 5 min. Then PCR products were electrophoresed on
2% agarose gel (SinaClon, Iran) and were digested by
endonuclease of the Taql (Fermentase, Lithuania). The
digested solution contained 30 pL (10 uL PCR product,
2 uL buffer, 0.5 pL Taql enzymes, and 17.5 pL water) that
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was incubated at 37 °C overnight. Digested fragments of
the 708,272-CETP were electrophoresed on 2% agarose
gel with a voltage of 100 for 1 h.

After the overnight fasting, blood samples were drawn
from the participants. Then serum was isolated through
centrifuge of the samples (5000 rpm for 5 min, 4 °C).
They were stored at -20 °C until analysis time. Lipid pro-
files such as triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), Low-density lipoprotein cholesterol
(LDL-C), and total cholesterol (TC) were measured using
a commercial kit Pars Azmun (Tehran, Iran). Abnormal
levels of lipid profile were later considered according
to the National Cholesterol Education Program Adult
Treatment Panel III (NCEP ATP III): TG>150 mg/dl,
HDL-C<40 mg/dl for males, and HDL-C<50 mg/dl for
females, LDL-C>130 mg/dl and TC=200 mg/dl [22].

Grade of coronary arteries stenosis was assessed by
angiographic Gensini score (GS) as follows: 1 point for
<25% obstruction, 2 points for 26-50%, 4 points for
51-75%, 8 points for 76-90%, 16 points for 91-99%,
and 32 points for full occlusion. Depending on the type
of coronary artery and obstructed sections, scores were
multiplied by coefficients 1 to 5. A coefficient of 5 was
considered for the left main coronary artery, 2.5 for the
left anterior descending and proximal, 1.5 for the mid-
segment of the left anterior descending coronary artery,
1 for the right proximal, and 0.5 for other segments. The
final GS was the sum of stenosis scores and coefficients
for each lumen [23, 24]. GS>20 was considered as inter-
mediate-high-risk severity of coronary artery stenosis
and that of <20 as low-risk CAD [25].

Using an online calculator version 2.0, the SYNTAX
score (SS) was calculated (http://syntaxscore.org/cal-
culator). List questions SS regarded functional and ana-
tomical parameters of the stenosis>50% in arteries with
a diameter of 21.5 mm. Finally, scores was calculated to
obtain sum of all obstruction scores. SS<23 was con-
sidered as low severity of coronary artery stenosis and
S§S>23 as moderate-severe [26, 27]. The coronary angiog-
raphies were explained by experienced cardiologists who
were blinded for all variables except age and sex.

Weight was measured using Omron BF-511 portable
digital scales (with an accuracy of 100 gr) as well as height
with a tape (with an accuracy of 0.1 cm). They were all
measured according to standardized methods. Body mass
index (BMI) was also calculated through the weight (kg)
to square of height (m?2) ratio. Waist circumference (WC)
was measured through a non-stretch tape at the middle
of the iliac crown and lowest rib in the standing position
with the accuracy of 0.5 cm. Body fat percent (BFP) mea-
surement was performed by Omron BF-511. All of these
measurements were done by some trained nutritionists.

Daily physical activity was evaluated using the Inter-
national Physical Activity Questionnaire (IPAQ) [28].
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Activity levels were considered as metabolic equivalent
(MET) hours per week and categorized as sedentary,
moderate, or intense based on a list of usual activities per
day over the previous week.

Usual dietary intake during the previous year was con-
trolled using a 178-item FFQ which was a reliable and
validated version of 168 food items [29, 30]. Intake fre-
quency and amount of food items were demanded on a
daily, weekly, monthly, and yearly basis. Portion sizes
were converted to gram per day through household scales
[31]. To extract consumed nutrients, Nutritionist 4 soft-
ware (First Databank Inc. Hearst Corp, San Bruno, CA)
was applied. To recognize dietary patterns, food items
of the FFQ were categorized into 34 food groups based
on their similarity in nutrient content and reported data
obtained from some Iranian studies. Several food items
were also classified separately. Data on dietary intake
were assessed by trained nutritionists through face-to-
face interviews.

Additional data including age, gender, smoking, job,
educational levels as well as other socioeconomic and
demographic data were collected via general question-
naires. Blood pressure was measured by hospital nurses
before angiography and according to standard protocols.

To extract the dietary patterns of participants in the
current study, we used factor analysis with principal com-
ponent analysis (PCA) by orthogonal Varimax rotation.
Factors were preserved by using scree plot, their expla-
nation, and eigen values (EV) more than 1 [32]. Main
factors were derived and named as to arbitrary decision
and previous studies. Factor score for every dietary pat-
tern for each subject was obtained from aggregating fac-
tor loadings (food groups weighted) [33]. Major dietary
patterns were named through a rotated factor loading
greater than 0.3 [34, 35]. Correlation among 34 food
groups and adequacy sample size for factor analysis were
determined by the Bartlett test and the Kaiser—Meyer—
Olkin (KMO) test, respectively. Participants were then
categorized to low and high adherents to dietary patterns
based on a median of factor scores. One-way ANOVA
was used to compare continuous variables across TaqlB
genotypes while an independent sample t-test was used
across low and high adherence to dietary patterns. Chi-
square test was performed for categorical variables by
Taq1B genotypes and adherence to dietary patterns. The
differences in lipid profile and scores of the arteries ste-
nosis in different adherents to dietary patterns among
TaqlB genotypes were tested by One-way ANOVA and
ANCOVA analysis in crude and adjusted models, respec-
tively. However, Two-way ANOVA was deployed for
interactions in both crude and adjusted models. Adjust-
ments were made for age, gender, BMI, menstrual status,
smoking status, medicine intake anti-diabetes, anti-lipid
and anti-blood pressure, educational status and energy
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intake. The Pearson’s x2 statistic was also applied for
assessing the Hardy—Weinberg equilibrium (HWE). Sta-
tistical analyses were conducted using statistical package
for the social sciences (SPSS) version 26.0 (IBM Corpo-
ration, USA). P-value<0.05 was used as the significance
level for all analyses.

Results

According to the PCA method two dietary patterns were
extracted: the first dietary pattern involved food groups
with factor loading more than 0.3 such as; pickles, veg-
etables, fruits, sugar, red meats, natural fruit juice, broth,
animal oils, nuts, butter, tea, and total dairy which were
named the traditional dietary pattern (TDP). Nature of
Iranian TDP is complex, it included both healthy and
unhealthy foods as in this TDP have been loaded. Also
unhealthy dietary components such as butter, animal fat,
and red meat that are used in preparing traditional Ira-
nian foods, have been loaded in this the TDP. The second
dietary pattern was diagnosed by food groups with fac-
tor loading more than 0.3 such as; industrial Juices, sweet
beverages, coffee, sweets desserts, egg, refined grains,
vegetable oils, fish, processed meat, legumes, poultry,

Table 1 Food loading for extracted major dietary patterns

Food group Traditional dietary West-
pattern ern di-

etary
pattern

pickle 0611

Vegetables 0.579

Fruits 0533

Sugar 0.514

Red meats 0456

Fruit juice 0441

Broth 0426

Animal oils 0.385

Nuts 0.383

Butter 0.378

Tea 0.365

Total dairy 0.352

Industrial Juices 0.543

Sweet beverages 0.535

Coffee 0.469

Sweets desserts 0455

Eggs 0455

Refined grains 0.449

Vegetable oils 0.399

Fish 0389

Processed meat. 0.383

legumes 0.370

Poultry 0.360

Mayonnaises and fried 0310

Variance explained (%) 8.83 8.08

Values less than 0.30 are not reported
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mayonnaises, and fried which stated as the western
dietary pattern (WDP). These dietary patterns explained
16.9% of the overall variance in dietary intake. Data are
shown in (Table 1).

General and dietary intake characteristics of partici-
pants in difference adherence to dietary patterns between
CETP TaqlB genotypes are presented in (Table 2). Out
of a total 453 participants consisted of 284 men (62.7%)
and 169 women (37.3%). The participants had a mean
standard deviation (SD) of age and BMI 56.85 (9.37) years
and 27.42 (4.16) kg/m?, respectively. The frequency CETP
TaqlB genotypes were observed 10.4%, 72.4%, and 17.2%
for B1B1, B1B2, and B2B2, respectively. The frequency of
minor allele A (B2) was 53.42%. Genotypes were within
Hardy—Weinberg equilibrium (P-value>0.999).

Comparing the highest adherence to TDP versus the
lowest, participants tended to have lower BMI, and BFP
(P=0.003, P<0.001, respectively). Subjects with higher
adherence to both WDP and TDP had significantly a
lower intake of medicines (anti-diabetes, anti-lipid) and
also a lower number of them were in status of menopause
(P<0.05). More percentage of subjects who had adhered
more to both WDP and TDP were current smokers
(P<0.001). Intake of nutrients including energy, pro-
tein, carbohydrate, total fat, monounsaturated fatty acid
(MUFA), saturated fatty acid (SFA), polyunsaturated fatty
acid (PUFA), cholesterol, and fiber in participants with
the highest adherence to WDP and TDP significantly
were higher compared with those with the lowest adher-
ence (P<0.001). No significant difference was observed
for other general and dietary variables by CETP TaqlB
genotypes.

Using two-way ANOVA revealed a significant interac-
tion between CETP TaqlB polymorphism with adher-
ence to TDP on levels of TG and on TG/HDL-C ratio in
both crude and adjusted models (P=0.02 and P=0.04,
respectively), it observed after controlling confounders
for gender, smoking status, menstrual status, BMI, energy,
medications (anti-hyperlipidemia and anti-diabetic). data
presented in Table 3. No interaction was found between
Taq1B variant and adherence to TDP on other lipid pro-
file and scores of arteries stenosis. In higher adherence to
TDP, significant distribution of TG levels observed across
TaqlB genotypes, in both crude and adjusted models
(P=0.03 and P=0.01, respectively). TG/HDL-C ratio
was significantltly different among TaqlB genotypes in
greater compliance to TDD, it observed after adjusting for
confounders (P=0.03).Table 3.

No interaction was found between TaqlB variant
with adherence to WDP on lipid profile, GS and SS. We
observed in greater adherence to WDP, TG and TG/
HDL-C levels were significantly distributed across Taq1B
genotypes (P=0.03), after adjusting for (age, gender,
BMI, menstrual status, smoking status, medicine intake
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Table 2 (continued)

TDP
High

WDP
High

CETP (rs708272)

B1B2

Variables

*

P-value

P-value” Low

<0.001
<0.001

" Low

P-value

0.27
0.80

B2B2

B1B1

<0.001
<0.001

49.22+22.42

29.12+£15.11

47.30+£22.37

31.04£17.35

40.19+2240 36.33£18.11

36.97+2097

Dietary fiber, gr/d
Cholesterol, gr/d

513.11£300.56

BMI, body mass index; WC, waist circumference; BFP, body fat percentage; MUFA, mono unsaturated fatty acid; PUFA, poly unsaturated fatty acid; SFA, saturated fatty acid; WDP, western dietary pattern; TDP, traditional

dietary pattern

377.38+216.36

553.97+£283.06

336.34+206.16

432.12+232.80

445.69+275.13

465.38+297.73

Adherence to dietary patterns is considered two categories, “high” adherence and “low” adherence, according the median intake

Values are presented means*standard deviation (SDs), n (%): numbers (percentage). ‘Obtained from one- way ANOVA, independent t-test for continuous variables and Chi-square test for categorical. -Values<0.05 were

considered significant
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anti-diabetes, anti- hyperlipidemia and anti-hyperten-
sive, educational status and intake of energy). Table 4.

Analysis of digested products on 2% agarose gel con-
tained in three fragments: uncut homozygous B2B2 that
had one band (520 bp (bp), cut heterozygous B1B2 with
three bands (175, 345, and 520 bp) and cut homozygous
B1B1 with two bands (175, 345 bp). Figure 1.

Results

Study population characteristics

Out of 453 participants included 284 men (62.7%) and
169 women (37.3%). The mean standard deviation (SD) of
age and BMI of the participants were 56.85 (9.37) years
and 27.42 (4.16) kg/m? respectively. The CETP TaqlB
genotypes were distributed as follows: 10.4% for B1B1,
72.4% for B1B2, and 17.2% for B2B2. The minor allele A
(B2) had a frequency of 53.42%. Genotypes were within
Hardy—Weinberg equilibrium (P-value>0.999).

Among the study population, two dietary patterns were
identified by the PCA method: the first was character-
ized by high consumption of pickles, vegetables, fruits,
sugar, red meats, natural fruit juice, broth, animal oils,
nuts, butter, tea, and total dairy which were named as the
traditional dietary pattern (TDP). Nature of Iranian TDP
is complex, it included both healthy and unhealthy foods
as in this TDP have been loaded. Also unhealthy dietary
components such as butter, animal fat, and red meat that
are used in preparing traditional Iranian foods as have
been loaded in this the TDP. The second was identified by
high intake food groups such as industrial Juices, sweet
beverages, coffee, sweets desserts, egg, refined grains,
vegetable oils, fish, processed meat, legumes, poul-
try, mayonnaises, and fried which stated as the western
dietary pattern (WDP). These dietary patterns explained
16.9% of the overall variance in dietary intake. Data are
shown in (Table 1).

The general and dietary intake characteristics of the
participants according to their adherence to the dietary
patterns and their CETP TaqlB genotypes are shown in
Table 2. Participants who had the highest adherence to
TDP had lower BMI and BFP (P=0.003, P<0.001, respec-
tively) compared to those who had the lowest adherence.
Subjects with higher adherence to both WDP and TDP
had significantly a lower use of medicines (anti-diabetes,
anti-lipid) additionally, fewer of them were in meno-
pausal status (P<0.05). A higher percentage of subjects
who adhered more to both WDP and TDP were cur-
rent smokers (P<0.001). Intake of nutrients including
energy, protein, carbohydrate, total fat, monounsaturated
fatty acid (MUFA), saturated fatty acid (SFA), polyun-
saturated fatty acid (PUFA), cholesterol, and fiber in par-
ticipants with the highest adherence to WDP and TDP
significantly were higher compared with those with the
lowest adherence (P<0.001). No significant difference
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Table 3 Interaction between the CETP TaqIB polymorphism and adherence to TDP on CVD risk factors
Variables Model Crude Pl pEx Model adjusted P> pxx
CETP Taq1B genotype CETP Taq1B genotype

B1B1 B1B2 B2B2 B1B1 B1B2 B2B2

n=47 n=328 n=78 n=47 n=328 n=78

mean = SE mean+SE  mean=SE mean +SE mean+SE  mean=*SE
HDL-c (mg/d)
Low 47151242 49.71+£097 5219+1.88 030 072 4759+£257 4965+092 5221+20 033 0.64
High 46.66+£2.13 47114081  4825+£1.92 0.79 46.92+2.15 47.16+085 47881167 091
LDL-c (mg/dl)
Low 9242+9.18 102.20+3.32 10567717 051 079 95.72+£897 101.81+£3.22 10546+£699 069 0.78
High 87.42+737 9463+291 9203+568 064 87.16+7.49 9456+295 9245+581 0.64
TC(mg/dl)
Low 1852042623 211.39+824 21509£2196 056 023 19622+2361 21066+848 211.75£1840 0.84 039
High 21463+28.54 189.06+7.71 18141+11.32 0.38 21506+£19.55 18747+771 1833941516 0.38
TG(mg/dl)
Low 136.56+12.74 151524552 153.02+1505 065 0.04 13940+1486 151.78+534 150.09+11.58 0.73 0.02
High 19840+23.80 151.90+5.84 17384+1877 0.03 198.18+17.34 150.79+6.84 17821+13.44 0.01
TG/HDL
Low 3024032 3.15+0.12 290+0.22 067 010 3.06+032 3.16+0.11 284+0.25 051 004
High 4.30£0.38 333+0.13 3.60+0.32 0.06 4.28+0.36 330+0.14 3.75+0.28 0.03
Gensisni score
Low 25.81+£876 3237291  2556+527 049 084 2832+754 3211271 25274588 054 0.76
High 3449+8.67 3886+£332 3791+7.90 0.89 31.12£863 3932+£340 38.16%+6.69 0.67
Syntax score
Low 8.00+3.10 10.10£091  899+2.13 070 093 891+249 9.97+0.89 9.03+1.94 085 088
High 10.22+£2.63 1153£097 11.54+224 0.89 9.54+2.55 1156+1.00 11.83+1.97 0.73

TDP, traditional dietary pattern; BMI, body mass index; TC; total cholesterol, HDL-C; high-density lipoprotein cholesterol, LDL-C; low-density lipoprotein cholesterol,
TG; triglyceride. Adherence to dietary patterns is considered two categories, “high” adherence and “low” adherence, according the median intake

Values are presented means+standard errors (SEs), * P based on One- way ANOVA, ° P adjusted for gender, smoking status, menopausal status, BMI, energy,

medications. P** obtained from Two- way ANOVA both model crude and adjusted

P-Values<0.05 were considered significant

was observed in the general and dietary variables across
CETP TaqlB genotypes.

Comparison of lipid profile and scores of coronary arteries
stenosis in adherence to dietary patterns among Taq1B
genotypes

In higher adherence to TDDP, significant distribution in
TG levels observed across TaqlB genotypes, in both
crude and adjusted models (P=0.03 and P=0.01, respec-
tively). Additionally, the TG/HDL-C ratio was signifi-
cantltly different among the TaqlB genotypes in greater
compliance to TDP, in the adjusted model (P=0.03). The
confounders that were adjusted included gender, smok-
ing status, menopausal status, BMI, energy intake, use
of anti-diabetes, anti- hyperlipidemia medications, as
presented in Table 3. In higher adherence to WDDP, there
was a significant difference in TG and TG/HDL-C levels
among the TaqlB genotypes (P=0.03), after adjusting
for age, gender, BMI, menstrual status, smoking status,
medication use (anti-diabetes, anti- hyperlipidemia and
anti-hypertensive), educational level and energy intake,
as shown in Table 4. There was no significant difference

in the distribution of the other lipid parameters and the
scores of coronary arteries stenosis among the TaqlB
genotypes according to the adherence to TDP and WDP,
as indicated in Tables 3 and 4-.

Interaction between the Taq1B polymorphism and dietary
patterns on lipid profile and scores of coronary arteries
stenosis

Using two-way ANOVA revealed a significant interac-
tion between TaqlB variant with adherence to TDP on
levels of TG in both crude and adjusted models (P=0.04
and P=0.02, respectively); and also on the TG/HDL-C
ratio in the adjusted model (P=0.04). Gender, smoking
status, menstrual status, BMI, energy intake, medication
use (anti-hyperlipidemia and anti-diabetic) controlled as
confounding factors. No interaction was found between
Taq1B variant and adherence to TDP on the other lipid
parameters and the scores of coronary arteries steno-
sis, as presented in Table 3. No interaction was found
between TaqlB variant with adherence to WDP on lipid
profile and scores of coronary arteries stenosis, Data pre-
sented in Table 4.
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Table 4 Interaction between the CETP TagIB polymorphism and adherence to WDP on CVD risk factors
Variables Model Crude P pEx Model adjusted [
CETP Taq1B genotype CETP Taq1B genotype

B1B1 B1B2 B2B2 B1B1 B1B2 B2B2

n=47 n=328 n=78 n=47 n=328 n=78

mean +SE mean+SE ~ mean=SE mean +SE mean+SE  mean=*SE
HDL-c (mg/d)
Low 5041£3.09 49.29+0.88 5022+2.26 086 042 4983£275 49.08+091 51.22+1.94 0.60 0.65
High 4450+1.53  4753+092 4992+160 0.3 4552+2.16  4759+087 49.16+178 043
LDL-c (mg/dl)
Low 102254864 9648+282 93354623 069 009 103.62+857 9589+285 93.96+6.06 064 0.11
High 81.29+5.71 100.66+323 103.04+889 007 83.02+848 10137+344 99374699  0.13
TC(mg/dl)
Low 18865+22.92 195.08+840 20291+1999 088 065 193.25+2534 193.95+843 206.58+17.91 081 026
High 209.144+28.92 20525+7.61 191.29+13.53 0.70 213.11£19.11 207.87+£7.76 180.11+1576 0.25
TG(mg/dl)
Low 1633942340 161.79+£593 16897+1898 090 046 170.77+£19.01 159.18+£6.32 17524+1344 051 045
High 173.57+1895 14099+524 159.73+1586 0.07 176.76+14.52 14067+589 161.50+11.97 0.03
TG/HDL
Low 330+043 338+0.13 336+0.31 097 022 345+038 334+0.12 3454027 091 0.0
High 3.98+047 3.09+£0.12 3.20+0.27 0.05 401+£033 3.07+0.13 328+0.27 0.03
Gensisni score
Low 3543+990  3695+3.16 2584+527 030 026 38494875 3620+£291 2851+6.18 049 039
High 27.03£7.90 3403+£3.07 3826%8.14 0.54 2501+7.78 3501+£3.16  36.39+641 045
Syntax score
Low 9.95+2.83 11.17£096 827+1.80 041 029 1067£272 11.01+£090 890+1.92 0.61 045
High 8.66+2.80 1040+092 1235+248 049 827+241 1068+098 11.72+198 0.3

WDP, western dietary pattern; BMI, body mass index; TC; total cholesterol, HDL-C; high-density lipoprotein cholesterol, LDL-C; low-density lipoprotein cholesterol,
TG; triglyceride. Adherence to dietary patterns is considered two categories, “high” adherence and “low” adherence, according the median intake

Values are presented means+standard errors (SEs), * P based on One- way ANOVA, ° P adjusted for gender, smoking status, menopausal status, BMI, energy,
medications, education, age. P** obtained from Two- way ANOVA both model crude and adjusted

P-Values<0.05 were considered significant

Fig. 1 This figure shows the digested fragments of the 708,272-CETP on 2% agarose gel electrophoresis. The ladder marker (lane 26) was 50 bp, The
heterozygous B1B2 genotype had three bands of 175 bp, 345 and 520 bp (lane 1-13, 15-17, 19-21, 23 and 25) and The homozygous B2B2 genotype had
one band of 520 bp (lane 14, 18 and 24) as well as The homozygous B1B1 genotype had two bands 175 bp 345 bp (lane 22)

Analysis of digested products on 2% agarose gel con-
tained in three fragments: uncut homozygous B2B2 that
had one band (520 bp (bp), cut heterozygous B1B2 with
three bands (175, 345, and 520 bp) and cut homozygous
B1B1 with two bands (175, 345 bp), as shown in Fig. 1.

Discussion

This cross-sectional study investigated the interaction
between TaqlB polymorphism and two dietary patterns
(TDP and WDP) on the lipid profile and the severity of
coronary arteries stenosis. Although there are many
investigations regarding the TaqlB polymorphism and
plasma lipid levels, to our knowledge, this is the first
study to examine the association of SNP in combination
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with dietary patterns on plasma lipid levels and the sever-
ity of coronary arteries stenosis.

Our findings revealed the frequency of the B2 allele
being greater than that of B1 (53% vs. 47%) thus being
in line with some studies in Asia [36, 37] but contrary to
others [38—41]. The results may vary depending on dif-
ferent ethnic groups and subjects’ clinical conditions.
We found a significant difference in TG levels and TG/
HDL-C ratio among TaqlB variant genotypes in the
group with higher adherence to TDP. Moreover, TaqlB
variant interacted with adherence to TDP in influencing
TG levels and TG/HDL-C ratio.

Studies have identified that Taq1B2 variant is associ-
ated with higher HDL-C levels, lower TG and LDL-C lev-
els and reduced stenosis of the arteries through reduced
CETP concentration and activity [42—44]. Being ques-
tionable, however, these issues are yet to be resolved [38,
41, 45]. Based on the evidence, our results suggest that
the B2 allele may have a protective role in lipid metabo-
lism by influencing some lipid parameters. However,
genetic studies have revealed that genes can only account
for about 50% of the variation in plasma lipid levels [40].
Based on Corella’s et al. report, Taq1lB variant can induce
5.8% of the HDL-C variance in a Spanish population [46].
It suggests that diet and dietary components may affect
plasma lipid levels and vessel stenosis [40, 47]. However,
evidence in this regard is also conflicting [48—-50].

In this study, TDP consisted of high-fat foods along
with healthy ones, including vegetables, fruits, nuts, and
natural fruit juice. Consistent with our findings, some
large scale studies have displayed no significant interac-
tion between TaqlB variant and high intake of dietary
fat on serum lipid profile [18, 51]. However, Kalantar et
al. [52]. reported an interaction between a high-fat diet
(>34.9% of total energy intake) and TaqlB on TG/HDL-C
ratio and HDL, which was more evident in those with the
B1B1 genotype. Moreover, Li et al. [53] identified that in
diabetic males without dyslipidemia, rs708272 B2 allele
carriers bear higher HDL-C levels than those with the
B1B1 genotype but indicate no effect on other lipid levels
[53, 54]. These differences in the mentioned studies could
be due to sample size and health status of their partici-
pants. This could also be ascribed to the effects of both
unhealthy and healthy foods in the Iranian TDP. Consis-
tent with this finding, Mirmiran et al. [10] explained that
the Iranian TDP contains a mixed nature of both healthy
and unhealthy food items, which may modify the com-
bined effect of foods on genetic variants. Cosonant with
this explanation, Serafini et al. also demonstrated that
consuming two different foods can neutralize or dimin-
ish the antioxidant effect of the other [55]. Besides hav-
ing high-fat items, the TDP in this study was also rich in
nutrients comprising fibers, bioactive compounds, and
phytochemicals from fruits, vegetables, and natural fruit
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juice. These nutrients may interact with TaqlB variant
and affect TG metabolism and gene expression related to
the B-oxidation of fatty acids [54]. In addition, prospec-
tive epidemiological studies have uncovered an inverse
relationship between HDL-C levels and the risk of CAD
[56]. A review study on this topic reported that the TaqIB
variant genotypes of the CETP gene are strongly associ-
ated with HDL-C levels and the risk of CAD [17]. How-
ever, we failed to find such association in our study, thus
being consistent with some recent investigations [39, 57].
Possible explanation TaqlB varian heteroginity, sample
size, type of study design and Interaction of SNPs with
each other. Further research is, therefore, needed to elu-
cidate the exact mechanisms of TaqlB variant and TDP
on lipid metabolism and coronary artery stenosis.

We also did not detect any relationship between WDP
and TaqlB in modulating plasma lipid levels and the
severity of coronary arteries. However, in the group with
high adherence to WDP, TG level was significantly differ-
ent across variant genotypes. In this study, the WDP was
characterized by a high load of refined carbohydrates,
such as industrial juices, sweet beverages, and sweets
desserts and refined grains. Campos-Perez et al. in their
study [58] demonstrated that sucrose intake over 5% of
total energy intake in interacted with carriers of the B2
allele compared with B1B1 genotype bears higher TC and
LDL-C levels. However, this finding is not conclusive due
to the small sample size and the influence of environmen-
tal factors. Furthermore, Esmailzadeh et al. [59] reported
that refined grain intake can be a contributory factor
for high TG and low HDL-C levels which are the most
common types of dyslipidemia in the Iranian popula-
tion likely having the capacity to impair TG metabolism.
Kokkou et al. [60] also reported that a WDP with higher
intake of fat-rich foods, red meat and carbohydrate can
be associated with greater severity of artery stenosis. In
addition, Mohammad shahi et al. [50] unvovered a posi-
tive association between the greater compliance of WDP
and the severity of coronary artery stenosis.

High-fat foods in the WDP of this study, including red
meat, mayonnaise and fried foods, are some important
contributory factors for CAD, as a cohort study con-
ducted by Mirmiran et al. [10] also indicated that high
adherence to the WDP could be related to the risk of
CVD events. Further, Kuhail et al. [61] demonstrated that
a diet high in refined carbohydrates is directly related to
severity of artery stenosis based on GS. This is consis-
tant with what Bhupathiraju et al. [62] explained that the
problem could be due to the increased appetite, insulin
dysfunction and calorie intake from refined carbohy-
drates. In this study, the lower TG levels in B1B2 carri-
ers with higher adherence to WDP compared to the B1B1
genotype could be attributed to the protective role of
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the B2 allele in reducing CETP activity and TG levels, as
reported by some previous studies [43, 44].

This study had several strengths, such as adjusting for
many potential confounders in the analysis and using a
reliable and validated questionnaire to measure dietary
intake. The probe, however, had some limitations one of
which was the cross-sectional design thus not allowing
us to establish causality. Furthermore, we did not mea-
sure plasma CETP or HDL3 levels, which are related to
plasma CETP levels [63].

Conclusion

Adherence to TDP can significantly affect the association
between TaqlB variant and TG and TG/HDL-C levels
in patients undergoing coronary angiography. However,
WDP proved to have no effect on the lipid profile in
interaction with the TaqIB variant. To validate our find-
ings as for gene-diet interaction on lipid profile, future
studies are needed to be carried out in other ethnicities
or in general populations.
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