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Abstract Recent studies have established the interaction
between APOA2 —256T>C polymorphism and dietary
saturated fatty acids intake in relation to obesity on healthy
individuals. In the current study, we investigate the effects
of this interaction on anthropometric variables and serum
levels of leptin and ghrelin in patients with type 2 diabetes.
In this cross-sectional study, 737 patients with type 2 dia-
betes mellitus (290 males and 447 females) were recruited
from diabetes clinics in Tehran. The usual dietary intake of
all participants during the last year was obtained by
validated semiquantitative food frequency questionnaire.
APOA2 genotyping was performed by real-time PCR on
genomic DNA. No significant relation was obtained by
univariate analysis between anthropometric variables and
APOA2 genotypes. However, after adjusting for age,
gender, physical activity and total energy intake, we
identified a significant interaction between APOA2-
saturated fatty acids intake and body mass index (BMI).
After adjusting for potential confounders, serum levels of
ghrelin in CC genotype patients were significantly higher
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than T allele carriers (p = 0.03), whereas the case with
leptin did not reveal a significant difference. The result of
this study confirmed the interaction between APOA2
—256T>C polymorphism and SFAs intake with BMI in
type 2 diabetic patients. In fact, homozygous patients for
the C allele with high saturated fatty acids intake had
higher BMI. The APOA2 —256T>C polymorphism was
associated with elevated levels of serum ghrelin.

Keywords Apolipoprotein A2 - Obesity - Fatty acids -
Ghrelin - Diabetes mellitus, type 2

Abbreviations
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BMI Body mass index

ChV Cardiovascular disease
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SNP Single-nucleotide polymorphism
Introduction

Obesity is a major health problem, with an increasing
prevalence in Southeast Asia, Mediterranean and Iran
(Klein et al. 2002; Mohamadnejad et al. 2003). Overweight
and obesity are among the most common health concerns
in patients with type 2 diabetes, affecting more than 85 %
of all cases. Obesity, through increasing insulin resistance
and serum glucose concentration, adds more complexity to
the progression of type 2 diabetes (Maggio and Pi-Sunyer
1997). Dyslipidemia and the increase in abdominal adipose
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tissue are the most common metabolic disorders in type 2
diabetic patients (Sam and Haffner 2008).

Racial differences of obesity in comparable environ-
ments (Wang and Beydoun 2007; Ogden et al. 2006)
suggest that obesity is the result of complex interactions
among genetic, behavioral, social and environmental fac-
tors (Hill 2006; Prentice 2005; Speakman 2004; Ravussin
and Bouchard 2000). Nutrigenetics evaluates the effect of
genome variations in the individual’s response to nutrients
(Ordovas and Corella 2004). Single-nucleotide polymor-
phism (SNP) studies provide a powerful molecular tool for
investigating the role of nutrition on health and diseases,
which leads to the determination of optimal diets for in-
dividuals (Ames 1999). The obesity gene map shows the
specific loci on all chromosomes except chromosome Y
which are related to obesity (Ellsworth et al. 2005). There
are many genes that regulate the energy balance, appetite,
lipid metabolism and adipogenesis (Martinez et al. 2008).

One notable gene is Apolipoprotein A2, with many
identified genetic variants (Fullerton et al. 2002). APOA?2 is
the second most important protein in HDL, comprising
approximately 20 % of total HDL protein (Blanco-Vaca
et al. 2001). Previous studies indicate a new association
between —256T>C APOA2 polymorphism and saturated
fatty acids intake in relation to BMI and obesity (Corella
et al. 2007, 2009, 2011).

A recent study examined the association between this
SNP and serum level of leptin and ghrelin, as an effective
mechanism underlying the obesity. In this study, significant
APOA2-SFAs interaction with regard to ghrelin levels was
observed. Serum ghrelin for CC patients with low SFA
intake was lower than CC patients with high SFA intake
and T allele carriers (TT + TC) (Smith et al. 2011).

In fact, diet is one of the most important environmental
factors, which interacts with the genome to modulate the
risk of diseases. Understanding these interactions could
lead us to prevent from chronic diseases, through dietary
recommendation (Ordovas and Corella 2004). Due to the
few studies in this field, and no record in Iran, we conduct
the current research with the aim of investigating the dis-
tribution of —256T>C APOA?2 polymorphism and then the
interaction between APOA2 genotypes and saturated fatty
acids intake with regard to anthropometric variables,
ghrelin and leptin serum levels in type 2 diabetic patients.

Materials and methods
Study design and subjects
In this cross-sectional study, which was conducted from

October 2011 to June 2012, 737 type 2 diabetic patients
(290 men and 447 women) aged 3565 years who were

@ Springer

randomly sampled through the Iranian Diabetes Society,
Gabric Diabetes Association, Tehran, East Medical Center
and Health Centers all around the city.

After written and verbal explanation of the aim and
methodology of this study, informed consent was obtained
from all subjects. Individuals under 35 or over 65 years of
age, insulin administrating patients, pregnant or lactating
women, and those who consumed alcohol 24 h before
blood sample collection were excluded. This study was
approved by the Ethics Committee of Tehran University of
Medical Sciences.

Assessment of anthropometric measures
and physical activity

Weight was measured in the fasting state, with the minimal
clothing, by using Seca falcon scales, with an accuracy of
100 gr. Height was measured using a Seca height gauge
with an accuracy of 0.5 cm. Waist circumference was
measured with an accuracy of 0.5 cm from the midpoint
between the upper edge of the iliac crest and the lower edge
of the chest and the last rib (Lohman et al. 1988). Mea-
surements were taken by a dietitian. BMI was calculated by
dividing weight (in kg) to the square of height (in m).

The amount of daily physical activity was assessed by
the classified physical activity questionnaire according to
metabolic equivalent task (MET) which includes nine ac-
tivity levels from sleep/rest (METs = 0.9) to high-intensity
physical activities (METs > 6). This questionnaire was
developed and validated in previous studies in Europe
(Aadalh and Jorgensen 2003). In Iran, reliability and va-
lidity of this questionnaire have been confirmed by Kel-
ishadi et al. (2004). Hours spent on each physical activity
were multiplied by their MET quantities, and the numbers
obtained were summed together to calculate MET hour/-
day (MET h/day) value.

Assessment of dietary intake

The participant’s usual dietary intake during the last year
was evaluated through face-to-face interviews conducted
by a trained dietitian using a semiquantitative food fre-
quency questionnaire for 147 food items. The validity and
reliability of the questionnaire were previously confirmed
in Iran (Esmaillzadeh et al. 2004). The subjects were asked
to report the frequency of food item consumption in a day,
a week, a month or a year. The amounts listed for each
food were converted to grams per day using household
Handbook Scale (Ghaffarpour et al. 1999). Finally, the
equivalent grams of each food item were determined. All
foods and beverages were coded. In order to assess calorie
and nutrient intake, Nutritionist-IIT (N3) Software program
designed for Iranian foods was used.
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Biochemical analysis

Venous blood samples were collected after 12-h overnight
fasting. Serums were obtained, and hormonal evaluations
were conducted on 258 patients with simple random sam-
pling from each of the genotype groups.

Serum ghrelin and leptin concentrations were measured
by ELISA method (Bioassay Technology Co, China and
Mediagnost, Germany, respectively).

Genetic analysis

Genomic DNA was extracted from whole blood using
salting-out method (Miller et al. 1988). APOA2 —265T>C
genotyping (rs5082) was performed by StepOne Real-Time
PCR System (Applied Biosystems, Foster City, CA, USA;
Alvandi and Koohdani 2014).

Statistical analysis

The Kolmogorov—Smirnov test was used to examine the
normal distribution of data. Weight, BMI and waist cir-
cumference were log-transformed. Chi-square test was used
to compare percentages. ANOVA and independent ¢ test
were applied to compare crude means. The relation between
APOA2 polymorphism and anthropometric variables was
tested in an analysis of covariance (ANCOVA) multivariate
model, controlling for confounding factors (age, gender,
physical activity and total energy intake). The interaction
between APOA2 —256T>C polymorphism and SFA intake
for anthropometric variables was tested in an ANCOVA
multivariate interaction model, controlling for confounding
factors (age, gender, physical activity and total energy in-
take). In addition, adjustment for BMI was carried out when
indicated. Mann—Whitney test was used in order to examine
the relationship between genotypes and ghrelin levels
(nonparametric variable). p value <0.05 was considered
statistically significant. For all analyses, the SPSS software
(version 21; SPSS Inc., Chicago, IL) was used.

Results

The APOA2 polymorphism was genotyped in a total of 737
patients (age 54.1 & 6.5 years). In this population, the
distribution of —256T>C APOA2 polymorphism was 38.9,
48.6 and 12.5 percent for TT, TC and CC genotypes, re-
spectively. The allelic distribution conforms to the Hardy—
Weinberg equilibrium. Based on these genotypes, the
general characteristics of individuals are shown in Table 1.
These data indicate that CC subjects were significantly
older than T allele carriers (TT 4+ TC; p = 0.03) and
smoking is significantly more common in CC group

(»p = 0.03). No statistically significant difference was
identified in dietary intake between the two genotype
groups (Table 2).

As shown in Table 3, no significant difference was ob-
served in the average of anthropometric parameters of the
two group genotypes. Although, the mean weight, BMI and
waist circumference were higher in the CC group than the
TT + TC group, but these differences were not statistically
significant. Besides, after adjusting for age, gender, to-
bacco smoking, physical activity and total energy intake,
no significant differences were observed.

Table 4 describes the mean anthropometric measure-
ments by APOA2 genotypes and SFA intake. In T allele
carriers, no significant association was found by means of
weight, BMI and waist circumference between two cate-
gories of SFA intake (<22 and >22 g/day). In contrast, CC
genotype with SFA intake >22 g/day was associated with
greater weight (p = 0.01).

Based on the results of Fig. 1, after adjusting for age,
gender, tobacco smoking, physical activity and total energy
intake, BMI and weight were not different in all subjects
(CC and TC + TT group) with low SFA intake
(<22 g/day). However, in patients with high SFA intake
(=22 g/day), a significant relation between APOA2 geno-
type with weight (p = 0.031) and BMI (p = 0.022) were
found. In fact, CC subjects with high saturated fatty acids
intake had higher weight and BMI than T allele carriers
who consumed the same amount of SFA.

After adjusting for confounding factors, there was no
significant interaction between APOA2 genotypes and SFA
intake in relation to waist circumference.

Table 5 shows that ghrelin concentration was sig-
nificantly higher in the CC group than the TT 4 TC group
(p = 0.03), while after adjusting for confounding variables
(age, sex, tobacco smoking, physical activity, BMI and
total energy intake), the serum leptin level was not sig-
nificant between the two groups. In this study, based on the
SFAs intake, no significant difference was found between
the mean hormone levels of participants and APOA2
genotypes (data not shown).

Discussion

We found a significant interaction between saturated fatty
acid intake and the —256T>C APOA2 genotypes for BMI.
Our results are consistent with the findings of previous
studies conducted in the three American populations
(Corella et al. 2009), Mediterranean population, Chinese
and Asian Indian subjects (Corella et al. 2011) who par-
ticipated in a Singapore National Health Survey. These
studies showed the association of high SFAs intake with
higher BMI and obesity in CC genotype.
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Table 1 General characteristics
of the study population

Table 2 Association between
the APOA2 polymorphism and
dietary intake

APOA2 genotype p value
TT + TC (n = 645) CC (n=92)
Age, year 539 £ 6.6 555 +£56 0.03
Physical activity, MET h/day 379 £ 55 372 £ 45 0.3
Smoking, n (%) 125 (19.4) 10 (10.9) 0.03
Family history of diabetes, n (%) 269 (41.7) 35 (38) 0.3
History of CVD, n (%) 241 (37.4) 37 (40.2) 0.3
Lipid lowering drugs intake, n (%) 367 (56.9) 56 (60.9) 0.3
Glucose lowering drugs intake, n (%) 599 (92.9) 86 (93.5) 0.5
Data are mean £ SD except where noted
APOA?2 genotype p value®  p value®
TT + TC (n = 645) CC (n=92)

Grains (g/day) 420 £ 216.7 394.3 £+ 207.1 0.29 0.13
Fruits (g/day) 464.1 + 268 474 + 239.5 0.74 0.69
Vegetables (g/day) 454 £+ 264 444.8 £+ 250 0.75 0.91
Low-fat dairy (g/day) 183.7 £ 142 166.1 £ 127.9 0.26 0.27
High-fat dairy (g/day) 105.6 £ 156 99.6 £ 162 0.73 0.85
Red meat (g/day) 204 £ 22 23 £+ 37.6 0.34 0.25
Organ meat (g/day) 24 £ 8.6 1.1 £ 1.6 0.17 0.2
Poultry (g/day) 39.7 + 37.6 36.1 + 38.6 0.39 0.35
Fish (g/day) 13.8 £+ 14.8 16.2 £ 16.2 0.16 0.17
Legumes (g/day) 43.5 £ 45 41.7 £ 30.1 0.7 0.69
Vegetable oils (g/day) 21.1 £ 232 194 + 21.6 0.5 0.41
Hydrogenated fats (g/day) 11.5 £ 24.6 9+223 0.37 0.37
Olive (g/day) 7.1 £13.1 6.7+7.1 0.79 0.8
Butter (g/day) 3+6.6 27+£5 0.63 0.65
Mayonnaise (g/day) 1.7+3 2.1 £3.7 0.28 0.3
Total energy intake (kcal/day) 2528 + 783 2533 £ 916 0.9 0.79
Protein (g/day) 88 £ 28.2 90 £ 37.6 0.6 0.36
Carbohydrate (g/day) 333.8 £ 110 338 + 125.8 0.7 0.65
Total fat (g/day) 101.5 £ 44.8 1004 £47.3 0.8 0.66
Dietary fiber (g/day) 41 £+ 18.8 44 £ 224 0.16 0.09
Saturated fatty acids (g/day) 263 + 10 254 +9.8 0.4 0.28
Monounsaturated fatty acids (g/day) 348 £17.2 335 £ 17 0.5 0.29
Polyunsaturated fatty acids (g/day) 25.1 + 144 25 £ 15.8 0.9 0.86

Data are mean & SD

? Data are unadjusted

® Data are adjusted for age, gender, physical activity and total energy intake

In our population, the frequency of homozygous minor
allele carriers (CC) was 12.5 % while the distribution of
CC genotype differed in various populations (1-16 %;
Corella et al. 2009, 2011; Smith et al. 2011). In FOS
(16 %; Corella et al. 2009), GOLDEN study (15 %;
Corella et al. 2009) and Mediterranean population (15 %;
Corella et al. 2011), the prevalence of CC subjects was
higher than our and other population, whereas the
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frequency of CC genotype was the same of our study
(12 %) in Spanish population (Smith et al. 2011).

In the current study, we divided the SFAs intake into
two groups (low and high) according to previous studies
(Corella et al. 2009). In subjects with lower SFAs intake,
after adjusting for age, gender, physical activity and total
energy intake, there was no significant association between
the mean weight or BMI and APOA2 genotypes. However,



Genes Nutr (2015) 10:15

Page 5of 7 15

Table 3 Association between

. a . b
the APOA2 polymorphism and APOA2 genotype p value p value
anthropometric variables TT 4 TC (n = 645) CC (n=92)

Mean + SD Mean + SD
Weight (kg) 74.8 £ 11.6 75.8 £ 123 0.5 0.3
Height (cm) 161.3 £ 9.1 160 + 8.8 0.2 0.3
BMI (kg/m?) 28.8 £ 3.8 293 + 4.1 0.3 0.2
Waist circumference (cm) 90.9 £+ 89 923 £9.3 0.2 0.2
Data are mean + SD
# Data are unadjusted
" Data are adjusted for age, gender, tobacco smoking, physical activity and total energy intake
Table 4 Association of APOA2 polymorphism with anthropometric variables in different saturated fatty acids intake categories
APOA2 genotype
TT + TC p value CC p value
SFA <22 g/day SFA >22 g/day SFA <22 g/day SFA >22 g/day
(n = 240) (n = 405) (n = 39) (n =53)
Mean + SD Mean + SD
Weight (kg) 742 £ 12.7 75.2 £ 10.8 0.2 72.3 £ 129 78.5 £ 11.1 0.01
BMI (kg/m?) 29 £44 28.6 £ 3.4 0.3 285+ 4.4 299 £39 0.1
Waist circumference (cm) 91.2 £ 9.9 90.7 + 8.2 0.6 90.2 £ 9.2 939 + 9.1 0.06

Data are mean + SD

these relations were significantly different in patients with
high SFAs intake. After adjusting for age, gender, physical
activity, total energy intake and BMI, in both high and low
SFAs intake groups, a significant interaction between the
waist circumference and two groups of APOA2 genotypes
was not found.

The mechanism by which —256T>C APOA2 SNP af-
fects fat metabolism is still unknown. So far, researchers
have been described that APOA2 transcription is controlled
by an array of A to N regulatory elements in the promoter
region of the gene. The —265T>C polymorphism is located
in the middle of the element D (Chambaz et al. 1991). This
element binds several different nuclear factors (Cardot
et al. 1994). It is suggested that the nuclear-binding factors
in the presence of C allele were associated with lower
APOA2 expression in liver cells that results in reduced
APOA?2 plasma concentration (Van’t Hooft et al. 2001),
while the results of this study indicate that the probable
difference in APOA2 plasma concentration had no effect on
anthropometric variables, but lifestyle changes, such as
high intake of SFAs, may change the unknown metabolic
pathways which lead to increase susceptibility to weight
gain and obesity.

This is the reason that individuals with CC genotypes,
who consume SFAs <22 g/day, have a lower prevalence of

overweight. We could conclude that the CC group with
high SFAs intake is more prone to obesity and overweight,
compared to CC individuals with low SFAs intake.
According to our data, there was no significant differ-
ence between the serum leptin levels of TT 4+ TC and CC
groups, but the latter group showed significantly higher
ghrelin concentration. Based on SFAs intake of these
groups, no significant difference was found in the serum
levels of these hormones. So far, Smith et al. study has
been the only published report about the relation of these
hormones and TT 4 TC or CC groups. Based on their
research, plasma ghrelin of the CC group with low SFA
intake was lower than the CC group with high SFA intake.
It was also lower in TT 4 TC subjects with low SFA in-
take than TT 4 TC subjects with high SFA intake. How-
ever, regarding SFA intake, they found no significant
difference between the serum leptin of CC group and T
allele carriers (Smith et al. 2011). Since ghrelin is an
orexigenic and appetite hormone, it seems natural that the
serum level of ghrelin in C allele carriers to be higher than
T allele carriers. This suggests a new role for APOA2 as a
satiety signal. Due to the higher level of serum ghrelin in
CC group, it was expected that these subjects had more
energy intake, compared to T allele carriers. However,
since all the subjects of our study were diabetic patients,
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Fig. 1 Interaction between the APOA2 polymorphism and saturated
fatty acids intake with regard to weight (a), waist circumference
(b) and BMI (c). Means are adjusted for age, gender, tobacco
smoking, physical activity, total energy intake (a, ¢) and body mass

index (b). p interactions are obtained with the multivariate interaction
model containing fat intake as a categorical variable and the APOA2
polymorphism and additional control for the covariates indicated
above. Bars indicate mean = SD

Table 5 Association between
the APOA2 polymorphism and
serum leptin and ghrelin values

APOA2 genotype p value®
TT + TC (n = 169) CC (n = 89)
Mean £ SD
Serum leptin (ng/ml) 232 +£ 139 248 £ 12.8 04
Serum ghrelin (ng/ml) 23+1 24 +£ 1.7 0.03

Data are mean & SD

# Data are adjusted for age, gender,

intake

who followed dietary advises for controlling their disease,
then we did not find a significant difference of energy in-
take between CC and TT + TC groups.

Regarding the limitation of our research, there could be
some measurement errors, like underestimation or overes-
timation of some food items in a food frequency ques-
tionnaire. We also did not measure the plasma
concentration of APOA2. Despite all these limitations, this
current study was the singular attempt to investigate the
relation between anthropometric variables and SFA intake
with APOA?2 polymorphism in type 2 diabetic patients. Our
data could help to detect the high-risk genotypes, to design
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body mass index, tobacco smoking, physical activity and total energy

the screening programs and to provide dietary suggestions
for the prevention or treatment of overweight and obesity.

In conclusion, we have investigated a gene—diet inter-
action between the APOA2 SNP and saturated fatty acids
intake for BMI in Iranian patients with type 2 diabetes
mellitus. In fact, individuals with the CC genotype con-
suming a high SFA diet appear to be more prone to obesity
and overweight than T allele carriers. The APOA2
—256T>C polymorphism was associated with elevated
levels of serum ghrelin, but there were no significant
APQOA2-saturated fat interactions with regard to hormonal
variables. Based on these findings, genotype-based
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personalized dietary recommendations for SFAs intake
might be useful in the prevention of obesity.
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