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ABSTRACT

Article History Background: To compare the oxidative stress (OS) factors inseband nc-

Received: obese subjects with Type 2 diabetes (T2D) and &uate the interaction between
14/06/2014 the apolipoprotein A-Il (Apo A-Il) - 265T > C polyonphism and body mass index
Revised: (BMI) on OS factors.
02/09/2014 Methods: In this comparati_ve Cross-sectional stu.dy., 21 elieb centers in Tehran,
Accepted: Iran were studied. 180 patients with T2D were ddddnto two groups of 90 obese
11/12/2014 (BMI > 30) and 90 non-obese (BMI < 30) with equal numlzéreach genotypes
of Apo A-ll (TT = 30, CC = 30 and TC = 30). Supeid dismutase (SOD)
activity, total antioxidant capacity (TAC) and &jgostane F2 concentration
were compared between two groups obese and noe-@reb between subjects
Keywords: with and without central obesity. Then, the intéiat between the Apo A-ll
Obesity, polymorphism and BMI on OS factors were analyzedyéyeral linear model.

Apolipoprotein A-l,
Type 2 diabetes,
Oxidative stress

Results After adjusting for confounding factors, it was ebged that the mean of
SOD activity and TAC were lower in the obese grthemn in the non-obese group
(p < 0.050). The mean concentration of 8-isopraste&x was not statistically
different between the two groups. Adjusting for BSHowed that the differences
in the mean OS factors were not statistically sigant between men and women
with and without central obesity. It was also obeedrthat the interaction between
the Apo A-Il polymorphism and BMI on OS factors werot significant.
Conclusion OS level was the higher in obese subjects with Ti2ih non-obese
one. The interaction between BMI and Apo A-ll pobmphism had not a
significant effect on OS factors.
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Obesity, Apo A-ll and oxidative stress

Introduction Methods

The World Health Organization defines In this comparative cross-sectional study,
obesity as a body mass index (BMH)30 [1]. among 816 patients with T2D who had participated
Obesity results from an imbalance betweerin the previous published study [16], 180 patients
energy intake and energy expenditure during awere selected using a table of random numbers.
extended period of time [2]. The social,816 patients had been gathered by random
behavioral, psychological, metabolic, cellular,sampling from referral diabetics centers in Tehran.
and molecular factors are involved in theSubjects with fasting blood glucosel26 mg/dl or
development of obesity [3]. It also seems thabeing treated by diabetic medicines were included.
some genetic variants modulate obesity riskn present study, the target sample size was
[4, 5]. One of the possible factors contributing todetermined to allow detection of a 20% difference
obesity may be the apolipoprotein A-ll (Apoin mean serum concentration of at least one OS
A-ll). Apo A-ll is synthesized in the liver and is factor between the groups with arerror of 0.05
the second most abundant protein of highand a power of 80%. This study was approved by
density lipoprotein (HDL) particles [6]. The the ethics committee of Tehran University of
T > C transition at position -265 of Apo A-Il Medical Sciences.
gene promoter results in a reduction in the Apo Obesity was defined as BNH 30 kg/nf [1].
A-ll concentration [4]. This polymorphism is The subjects were divided into two groups of
functional and some studies have shown thaibese (BMI> 30; n = 90) and non-obese
individuals homozygous for the allele C (CC)(BMI < 30; n = 90) with equal numbers of each
were more prone to obesity than T-allele carriergenotypes of Apo A-Il (TT = 30, CC = 30 and
(TT/TC) [4, 6, 7]. On the other hand, it is knownTC = 30). Inclusion criteria were age 35-65
that Apo A-Il concentration is associated withyears and no use of insulin. All patients were
paraoxonase 1 activity which has antioxidanhon-smokers and did not consume narcotic and
properties [8-10]. alcohol. None of the patients had any clinical

Diabetes mellitus is associated with long-symptoms of chronic diseases such as
term and debilitating complications andcardiovascular disease (CVD), stroke, liver
hyperglycemia can causes damage to majatisease, kidney failure, thyroid disorders, cancer,
organs of the body such as the eyes, kidneyand inflammatory diseases. None of participants
heart, blood vessels, and nerves [11, 12]. Theere receiving multivitamin-mineral supplement
mechanisms by which diabetes causes thesmd anti-inflammatory medications in the past 3
complications are complex and are not fullymonths before start of the study.
understood. Some evidence has been presentedin the previous published study, after
that oxidative stress (OS) plays a key role in thebtaining informed consent from the patients,
incidence and exacerbation of thesdhe information of age, sex, duration of diabetes,
complications [13, 14]. Studies have shown thataking oral hyperglycemic agents, and lipid-
reactive oxygen species (ROS) are importaribwering medications had been obtained using
mediators in atherogenesis. ROS increasaguestionnaire and by interview. Height, weight
atherogenic process such as apoptosis @nd waist circumference (WC) of subjects were
endothelial cells, the expression of endotheliameasured according to standard protocols [12].
adhesion molecule, inactivation of nitric oxide Fasting weight to the nearest 100 g with minimal
(NO), proliferation and migration of vascular clothing, height to the nearest 0.5 cm and WC to
smooth muscle celland OS modification ofthe nearest 0.5 cm, using a non-stretching meter,
lipoproteins [15]. Moreover, the adipose tissuevere measured. BMI had been calculated.
produces hormones and pro-inflammatoryC > 102 cm for men and W& 88 cm for
cytokines, which can contribute to the OS [3]. women was considered as central obesity [17].

Given the prevalence of obesity in Type 2The information of physical activity using
diabetes (T2D) and the possible relationshiyalidated self-administered questionnaire (MET)
between obesity and genetic variants of Apdl18], and dietary intakes during the past yeargisin
A-ll in T2D outcomes, the current study wasa validated semi-quantitative food frequency
conducted to compare OS factors in obese arglestionnaire (FFQ) [19] were obtained.
non-obese subjects with T2D. In addition, an After 12 hours fasting, blood sample was
interaction between the Apo A-ll -265 T > C collected from each subject for biochemical and
polymorphism and BMI on OS factors weregenetic experiments. Genomic DNA had been
studied in these patients groups. extracted using salting out method. Apo A-ll
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genotypes had been determined by TagMamean quantitative variables.
assay method and using real time-polymerase According to the previous studies [4, 6, 22],
chain reaction [20]. Serum and plasma had be€RT and TC subjects were grouped and compared
separated and stored at —80°C until analysis. Theith CC subjects. Interaction between the
levels of triglycerides, total cholesterol, genetic variants of Apo A-ll and BMI on OS
HDL-cholesterol, and low-density lipoprotein- factors were analyzed by general linear model.
cholesterol were determined by enzymatic The analysis of covariance was applied to
method, using Pars Azmun Company kit. In theadjust the effect of confounding factors. Results
present study, total antioxidant capacity (TAC)were considered as statistically significant for a
was measured by spectrophotometry methodalue of p < 0.005.
[21]. Serum superoxide dismutase (SOD)
activity was measured by colorimetric method, Results
using the SOD assay kit (Cayman Chemical In this study, 180 obese and non-obese
Company, USA), and serum 8-isoprostane. F2patients with T2D, including 64 men and 116
concentration was measured using the human &omen were studied (mean age 53.98 + 0.49
iso-Prostaglandin F2 ELISA Kit (Shanghai years). The results including personal
Crystal Day Biotech Co., Ltd.). information, dietary intakes, and lipid profile in
Nutritionist Il software (version 7.0; N obese and non-obese groups have shown in
Squared Computing) was used to analyze th€able 1. The means of age, WC and intake of
FFQ. Analyses were performed using Statisticanonounsaturated fatty acids (MUFA) and
Package for the Social Science (SPSS), versigmolyunsaturated fatty acids (PUFA) were
20 (SPSS Inc., Chicago, IL, USA). The normalsignificantly different between obese and non-
distribution of variables was assessed using thebese subjects (p 0.001). Correlation between
Kolmongorov—Smirnov test. Chi-square test waMUFA and PUFA intake was >0/2 in the
used to compare qualitative variables andollinearity test. Therefore, only the effect of
independent t-test were performed for comparinlUFA was adjusted.

Table 1.Characteristics of study participants

Characteristics Obese non-Obese p value
Study population (n) 90 90 -
Lipid lowering medications (n) 44 52 0.23*
Oral hyperglycemic agents (n) 86 81 0.15*
Age (years) 52.87 +0.74 55.10 + 0.63 d.02
BMI (kg/m?) 33.02+0.34 25.99 +0.23 <0.001
WC (cm) 98.88 +0.95 85.62 + 0.83 <0.001
Physical activity, (Met.hour/day) 37.74+£0.51 3»HA0.63 0.09
Food intake
Energy (Kcal/day) 2576.83 + 95.16 2643.64 + 130.36 0.68
Carbohydrate (g/day) 347.44 +8.14 363.22 + 6.69 25°.
Protein (g/day) 80.64 £ 1.88 84.04 £2.04 6.17
Fat (g/day) 110.11 +3.18 100.97 + 3.44 6.12
PUFA (g/day) 26.83+1.17 22.15+1.19 0.02
MUFA (g/day) 28.76 +1.37 23.82+1.29 0'01
SFA (g/day) 27.06+1.18 26.58 + 1.09 0.37
Vitamin E (mg/day) 24.17 +1.56 19.92 +1.37 §.17

Vitamin C (mg/day) 182.95 + 10.26 180.73 +11.83 49.
Vitamin A (pg/day) 715.73 £ 37.13 716.46 + 44.26 700.
Fiber (g/day) 39.85 + 1.80 45.32 +3.41 d.11
Lipid profile
Triglycerides (mg/dl) 190.75 + 13.39 171.52 +11.85 0.28
Total cholesterol (mg/dl) 200.40 +7.78 194.76 #0. 0.65
HDL-c (mg/dl) 53.48 + 1.36 53.24+1.25 0'89
LDL-c (mg/dl) 112.75 +4.13 106.82 + 3.91 0729

Data are presented as mean = SE or number of ssibjpcvalue was calculated from Chi-squdpevalue was calculated
from independent t-testp value was calculated from ANCOVA and adjusted doergy by ANCOVA. PUFA = Poly
unsaturated fatty acid; MUFA = Mono unsaturatedyfaicid; SFA = Saturated fatty acid; HDL-c = Higbrosity
lipoprotein-cholesterol; LDL-c = Low-density lipamtein-cholesterol
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Table 2. Comparison of OS factors between obese and noreapresps

Oxidative stress factors Obese (n = 90) Non-obesex 90) p value* p valué
SOD, U/ml 0.13 +0.009 0.15 + 0.005 0.04 0.04
TAC, g/dl BSA 2.37+0.04 2.58 £ 0.06 0.01 0.008
8-isoprostane K2 pg/ml 73.90 + 0.63 71.04 + 0.62 0.002 0.12

Data are presented as mean + SE. *p value wasladurom independent t-tedAdjusted for WC, age, sex, MUFA by
ANCOVA. BSA = Bovine serum albumin; SOD = Superoxidentltase; TAC = Total antioxidant capacity, SE =n8tad
error, OS = Oxidative stress

Table 3.Comparison of OS factors between men and womenasithwithout central obesity

Waist circumference SOD, U/ml TAC, g/dL BSA 8-isoprostane Fa, pg/ml
Men
WC <102 cm 0.15+0.006 2.43 +0.07 70.37 £0.92
WC> 102 cm 0.12 +0.011 2.36+0.12 72.47 £1.40
p value* 0.04 0.61 0.23
p valué 0.36 0.72 0.76
Women
WC <88 cm 0.15 +0.005 2.65+0.08 73.01+0.72
WC=>88 cm 0.14 +£0.013 2.40 £ 0.06 73.70 £ 0.80
p value* 0.59 0.02 0.53
p valué 0.7 0.5 0.28

Data are presented as mean + SE. *p value waslamidufrom independent t-tesiddjusted for BMI by ANCOVA.
BSA = Bovine serum albumin; SOD = Superoxide dismejtaBAC = Total antioxidant capacity; WC = Waist
circumference; OS = Oxidative stress, SE = Standaat

Table 4.Interaction between the genetic variants of Apd Arld BMI on OS factors

Obese Non-obese
Oxidative stress factor CcC TT/TC cc TT/TC p value* p value'
(n=30) (n =60) (n=30) (n =60)
SOD, U/ml 0.10+£0.003 0.15+0.013 0.13+0.006 170t 0.007 0.28 0.32
TAC, g/dL BSA 2.27+0.07 2.42+0.06 2.45+0.11 .62+ 0.07 0.77 0.71
8-isoprostane K2 pg/ml 76.35+1.21 72.68+0.68 73.45+1.10 69.84+0.710.97 0.88

Data are presented as mean + SE. *p value wasl@@durom general linear modéAdjusted for WC, age, sex and MUFA
by ANCOVA. BSA = Bovine serum albumin; SOD = Superexdismutase; TAC = Total antioxidant capacity; WC ai$¥/
circumference, Apo A-ll = Apolipoprotein A-ll; BMI =Body mass index; OS = Oxidative stress,
MUFA = Monounsaturated fatty acids, SE = Standardre

The results regarding OS factors in the twaand women with and without central obesity.
groups of obese and non-obese have shown in The interaction between the Apo A-ll
table 2. Serum SOD activity and TAC level werepolymorphism and BMI on OS factors are
significantly lower and mean concentrations ofshown in table 4. According to the previous
8-isoprostane F2was significantly higher in the studies [4, 6, 22], TT and TC subjects were
obese subjects than in the non-obese subjedsouped and compared with CC subjects. After
(p < 0.050). After adjusting for confounding adjusting for confounding factors, including
factors including WC, age, sex and MUFA, theWC, age, sex, and MUFA, we were observed
mean of SOD activity and TAC were that results were not significant.
significantly lower in obese group in comparison
to non-obese group (p < 0.050). Discussion

Table 3 shows mean OS factors in men and The aim of the present study was to compare
women according to WC. Then, the analysis wathe OS factors in obese and non-obese subjects
performed separately for each sex. The meawith T2D and to evaluate interaction between
SOD activity was significantly lower in men Apo A-ll -265 T > C polymorphism and BMI on
with WC > 102 cm than in men with WC < 102 OS factors. The results of present study showed
cm (p < 0.050). Furthermore, mean TAC waghat the mean SOD activity and TAC were lower
significantly lower in women with W& 88 cm  and 8-isoprostane k2Zconcentration was higher
to compared women with WC < 102 cmin the obese group than in the non-obese group.
(p < 0.050). After adjusting for BMI, it was After adjusting for confounding factors, there
found that OS levels did not differ between merwas significance difference in the mean SOD
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activity and TAC between two groups. increases myocardial metabolism, which
The several studies have compared level ahcrease oxygen consumption. Increased oxygen
OS between obese and non-obese in healtlgpnsumption lead to production of ROS [23, 38].
individuals [15, 23-27] and few studies have In the present study, after adjusting for BMI,
investigated OS in obese and non-obese patients was observed that mean TAC and SOD
with diabetes [28]. The prevalence of diseaseactivity were lower and mean concentration of
associated with OS such as CVD is higher ir8-isoprostane F2was higher in men and women
patients with diabetes compared with healthwith central obesity compared to men and
subjects [29]. Therefore, it is important towomen with normal WC, but the differences
identify possible factors which may increasewere not statistically significant. The results of
level of OS in these patients. most studies show a significant increase in OS in
On the other hand, the results of studies osubjects with central obesity compared to
antioxidant enzymes activity are inconsistent ircontrols [23, 25, 27]. In addition, in some studies
obese and non-obese subjects. Some studibave not been observed a significant association
have shown that the antioxidant enzymes activithetween WC and OS factors [24]. The difference
such as SOD was higher in obese subjects tham studied population is probably responsible for
non-obese subjects [24, 28], but according to theconsistent results. Participants in our study
results of the present study and some othewere T2D patients, but the above-mentioned
studies, the SOD activity is lower in obesestudies have been conducted on healthy subjects.
subjects [15, 26]. It seems that the OS initiallyHyperglycemia in diabetes can lead to OS by
increases levels and activities of antioxidants iglucose auto-oxidation, non-enzymatic protein
the body to fight against free radicals butglycation and production of advanced glycation
progress and continuity in OS gradually causesndproducts [39]. Therefore, in our study ROS
impaired antioxidant system and reducedroduction might be high in patients without
antioxidant enzymes activities [30, 31]. central obesity which lead to the lack of the
Most studies have measured the SOD activitgignificant difference in OS levels between
in erythrocytes. In the present study, serum SOIPatients with and without central obesity.
activity was investigated, which is the The interaction between the Apo A-ll
extracellular SOD, and it plays a key role inpolymorphism and BMI on OS factors also
maintaining biological life of NO in endothelial indicated that mean SOD activity and TAC
tissue [32]. According to our knowledge, thewere lower and mean 8-isoprostane aF2
present study is the first study that was comparecbncentration was higher in the CC group
serum SOD activity, TAC and 8-isoprostanerF2 compared to the TT/TC group. According to
concentration between obese and non-obesesult of some studies, a T > C transition at
subjects with diabetes. position -265 results in decreased Apo A-ll
There are several hypotheses for the possiblxpression in hepatocytes and consequently
mechanisms leading to increased ROSlecreased Apo A-ll concentration in plasma
production in the obese subjects. The dipocytegl0, 41]. The results of animal studies have
and pre-adipocytes in adipose tissue are knowshown that decrease in Apo A-Il concentration
as a source of proinflammatory cytokines suclis associated with lower levels of blood
as tumor necrosis factor alpha, interleukin-1 (IL)leukocytes and inflammatory factors such as C-
and IL-6. These cytokines are strong stimulatorseactive protein [10, 42]. The inflammatory
for the production of reactive oxygen andfactors concentration is positively associated
nitrogen by macrophages and monocytes [33}ith OS level [3]. However, the interaction
Angiotensin Il is also secreted by adipose tissudyetween the Apo A-Il polymorphism and BMI
which stimulates activity of nicotinamide on OS factors indicated no significant effect
adenine dinucleotide phosphate (NADPH)and these two variables did not change the
oxidase. NADPH oxidase induces ROSeffect of each other on OS level. According to
production in adipocytes [34]. The hormoneour knowledge, no study has investigated the
leptin is also produced by adipose tissue [35] anthteraction between the two factors on OS
can directly stimulates the ROS production infactors. Therefore, more researches need to be
endothelial cells [36]. Leptin also induces OS byconducted to further explore the relationships
increased proliferation of monocytes andbetween the Apo A-Il polymorphism and OS.
macrophages and production of inflammatory In our study, we did not evaluate leptin level
cytokines [37]. On the other hand, obesitywhich can be a limitation of the current study.
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Conclusion CC, Hama SY, Goto AM, et al. Overexpression of

OS level was higher in obese subjects with apolipoprotein All in transgenic mice converts
T2D compared to non-obese one. Therefore, high density lipoproteins to proinflammatory
maintaining normal weight and weight loss pz_:\rtlcles. J Clin Invest. 1997; 100(2): 464-74.
through the changing lifestyle, improvement in® RPas V. Sanchez-Quesada JL, Anton R,

. . g : L Camacho M, Julve J, Escola-Gil JC, et al. Human
nutrition and increasing physical activity may apolipoprotein ~ A-ll  enrichment  displaces

have an important role in the prevention of ,5a0y0nase from HDL and  impairs its

diabetes complications and improving the gantioxidant properties: a new mechanism linking

quality of life and increasing longevity in these HDL protein composition and antiatherogenic

patients. The interaction between BMI and Apo potential. Circ Res. 2004; 95(8): 789-97.

A-ll polymorphism had not a significant effect 10.Wang Y, Niimi M, Nishijima K, Waqgar AB, Yu
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Biol. 2013; 33(2): 224-31.
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