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Abstract: Cardiovascular disease (CVDs) is the leading cause of morbidity and death worldwide. Most genetic variants could be identified by several genome-
wide-association-studies (GWAS), including within genes encoding proteins involved in the AKT/PI3K pathways that are related with an increased risk of meta-
bolic syndrome and CVDs. Therefore, due to the importance of genetic variants in the prognosis of diseases, we examined the genetic polymorphism of AKT-
rs1130233 located on chromosome 14 with cardiovascular risk factors. In this cross-sectional study, 721 subjects recruited from the Mashhad-Stroke and Heart-
Atherosclerotic-Disorders (MASHAD) cohort study. The participants including 257 subjects with metabolic syndrome, 144 subjects with cardiovascular disease 
and 320 subjects as a control group. Anthropometric, biochemical and demographic information measures were prepared. Dietary assessment was managed by 24h 
dietary recall. DNA extraction and genotyping were carried out by using the TaqMan real-time-PCR based method. The association of AKT rs1130233 locus with 
dietary intakes, metabolic syndrome and cardiovascular risk factors were assessed. Data were analyzed by using SPSS 21 software. Frequencies of genotypes AA, 
AG and GG of the AKT rs1130233 polymorphism were 12.6%, 44.5% and 42.9% in subjects with metabolic syndrome and 9.7%, 39.6% and 50.7% in subjects 
with cardiovascular disease, respectively. The frequency of allele A and G in cardiovascular disease and metabolic syndrome population were 29.5%, 70.5% and 
34.8%, 65.2%, respectively. We have found no significant association between the AKT rs1130233 polymorphism with cardiovascular risk factors and metabolic 
syndrome. The results of dietary intake showed that the levels of phosphorus intake (p=0.008), calcium intake (p=0.007) and iodine intake (p=0.04) were different 
in subjects with and without metabolic syndrome. And also, energy intake was significantly different in subjects with cardiovascular disease (p=0.01) compared 
to the control group. Our findings suggest that AKT rs1130233 was not associated with the risk of metabolic syndrome and cardiovascular disease in the Iranian 
population. More studies are needed to validate our results. We did functional analysis, due to certify our investigation about value of this genetic biomarker for 
CVD risk.
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Introduction

The metabolic syndrome (MetS) is a cluster of 
condition including high fasting blood glucose , insu-
lin resistance, hypertension, high triglyceride, low se-
rum high-density lipoprotein cholesterol (HDL-C) and 
visceral obesity which increased risk of CVDs(1). The 
MetS is a crucial determinant of cardiovascular disease 
(CVD) and type 2 diabetes (2). In Iran, over the past 20 

years, the prevalence of MetS has increased, and this 
is considered to be one of the reasons for an increasing 
prevalence of CVD (3). The more the components of 
MetS, the greater is the mortality rate from CVD (4). 
The prevalence of MetS is also increasing globally and 
ranges between 21% and 38.5% (5). The International 
Diabetes Foundation (IDF) in 2006 has estimated that 
about 25 percent of the world’s population has MetS 
(6). In Iran, the prevalence is 23.8% for individuals who 
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are older than 20 years old and 10.98% for those under 
20 years (7). The aetiology of MetS is thought to be 
due to a combination of environmental factors (physi-
cal activity and diet) and genetic factors (8-11). It has 
been shown that genetic factors are responsible for the 
increased susceptibility of individuals to MetS (12) and 
using genome-wide association studies (GWAS), seve-
ral polymorphisms related to MetS have been identi-
fied (13). The AKT gene, a protein kinase B (PKB) is 
a serine/threonine-protein kinase with several functions 
in the cell including glucose metabolism, cell prolifera-
tion, cell survival and cell immigration (14). The AKT1 
proto-oncogene has three isoforms (AKT1, AKT2 
and AKT3) and is located on human chromosome 14 
(14q32) (15). In addition to insulin, many other growth 
factors and cytokines can activate the AKT pathway. To 
regulate insulin-dependent cell metabolism, the AKT 
pathway is needed (16, 17). AKT has a functional role in 
cardiomyocytes, thrombocytes and endothelial cells and 
among the three isoforms of AKT; AKT1 has been seen 
to have the most regulator functional role. The potential 
role of AKT1 in the pathophysiology of CVD has been 
suggested previously (18). Studies have shown that in 
MetS, there is endothelial dysfunction that may be rela-
ted to insulin resistance (19). The association between 
genetic variations in individuals and environmental 
factors (diet and physical activity) can partly explain 
the phenotypic difference of individuals exposed to the 
same environmental factors or with the same genetic 
makeup (20). Evidence suggests that genetic predispo-
sition can affect the response to the environment and 
lead to the development of MetS. AKT plays an impor-
tant role in many cellular processes, and disruption of its 
activity is associated with several conditions including 
some forms of cancer, diabetes mellitus, some neurolo-
gical diseases and CVD, as reviewed by Hers et al (18). 
Therefore, since MetS increase the risk of diabetes and 
CVD, and AKT is involved in one of the major metabo-
lic pathways, cellular growth and proliferation, we have 
investigated a genetic variation of the AKT1 gene locus 
in individuals with MetS and CVD. There is currently 
little information about adverse relationship between 
dietary intake and MetS and CVD, therefore, knowing 
the role of macronutrients and micronutrients in this 
population may lead to new approaches to interventions 
for reducing the risk of MetS and CVD. We performed 
a study on the association of the AKT1 rs1130233 with 
MetS and CVD in 721 individuals from the Mashhad 
Stroke and Heart Atherosclerotic Disorders (MA-
SHAD) cohort study, and investigated the interaction of 
rs1130233 genotypes with dietary factors. 

Materials and Methods

Study population
We randomly recruited 721 individuals (257 with 

MetS, 144 with CVD and 320 individuals without either 
MetS or CVD) with a mean age of 35-65 years from the 
Mashhad Stroke and Heart Atherosclerotic Disorders 
(MASHAD) cohort study (21), a 10-year cohort study 
aimed to assess the effects of genetic, environmental, 
nutritional and psychological risk on the occurrence of 
CVD events in eastern Iran .The Inclusion criteria in 
non-MetS group were absence of any CVDs risk factor. 

The project was approved by the ethics committee of 
the Mashhad University of Medical Sciences; all indivi-
duals signed the written informed consent. 
 
Metabolic syndrome definition

The individuals with MetS were identified using 
the International Diabetes Federation (IDF) criteria; 
the existence of three or more of the following criteria: 
High-density lipoprotein cholesterol <40 mg/dl for men 
or <50 mg/dl for women; fasting plasma glucose ≥100 
mg/dl; triglyceride ≥150 mg/dl; systolic/diastolic blood 
pressure ≥130/85 mmHg and waist circumference ≥94 
cm for male or ≥80 cm for female (22). 

Diagnosis of CVD
Physical examination and diagnosis of CVD were 

performed by cardiologists by means of electrocardio-
graphic evidence. For further examination, complemen-
tary tests such as computer angiography and exercise 
tolerance tests were performed. Among these people, 
those with inadequate data were excluded from the stu-
dy (23).

Anthropometric and biochemical measurements
Anthropometric parameters including weight, height, 

waist circumference, hip circumference and blood pres-
sure were measured using standardized procedures. 
Biochemical parameters including fasting plasma glu-
cose (FBG), triglyceride (TG), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein choleste-
rol (LDL-C) and total cholesterol (TC) were measured 
enzymatically after 12-hour fasting using the automated 
analyzers (24). 

DNA extraction and genotyping
Genomic DNA was extracted and the concentration 

of that were assessed by using a QIAamp® DNA Mi-
ni-Kit (Qiagen, San Diego, CA) and the NanoDrop®-
2000-Detector (NanoDrop-Technologies, Wilmington, 
USA) respectively. By using Taq-man®-probes-based 
assay genotype analysis of AKT1 rs1130233 polymor-
phism was carried out; PCR reactions were performed 
in 12.5 µl total volume, using 2.5 µl TaqMan® Univer-
sal Master Mix, 1µl of DNA, 0.13 µl probe and primers 
(SNP Genotyping Assays products C_7489835_10) and 
8.87 µl deionized water. The ABIPRISM-7500 instru-
ment (Applied Biosystems, Life Technologies, Foster 
City, CA) equipped with the SDS version-2.0 software 
was employed to evaluate the allelic content of each 
sample (25). 

Dietary assessment
Dietary information was collected using a 24 h recall 

questionnaire, by a trained dietary interviewer in a face-
to-face interview, to prompt and describe every item 
of food and beverage consumed during the 24 h period 
(24). Individual dietary intakes were assessed using 
Dietplan6 software (Forest Field Software Ltd., UK). 

Statistics
Descriptive data were expressed using mean, stan-

dard deviation, median and interquartile range indexes. 
The normality of data was determined using the Kol-
mogorov-Smirnov test. Chi-square tests were used to 
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was not shown a significant difference in subjects with 
and without MetS and CVD.  We did not find any asso-
ciation between AKT1 genetic variants, rs1130233, and 
MetS and CVD in various genetic models (p=0.05). The 
genotype frequencies were consistent with the Hardy–
Weinberg Equilibrium. Distribution of genotypes and 
allele frequencies and their association with CVD and 
MetS in different genetic models are shown in table 3.

Dietary intake in the population
As shown in Table 4, all dietary intake variables were 

not significantly different in subject with or without 
MetS (p>0.05) exception for phosphorus (p=0.008), 
calcium (p=0.007) and iodine (p=0.04) which was si-
gnificantly different in subject with and without MetS. 
Accordingly, total dietary energy intake was significant-
ly higher in subjects with CVD than the control group 
(p=0.01). Moreover, the association of AKT genetic 
models with dietary intake was not significant in MetS 
and CVD groups (data not shown) (p>0.05).

compare qualitative data. The comparison of normally 
distributed data was determined using parametric tests 
(Independent-T-test) and non-parametric tests for non-
normally distributed data (Mann-Whitney-test). All die-
tary variables were adjusted for total energy intake by a 
residuals model (26). 

Results

The population consisted of 721 individuals (257 
with MetS, 144 with CVD and 320 were controls (wit-
hout MetS or CVD) aged 35-65 years (38% men; n=274, 
61% women; n=447).

Demographic, anthropometric and clinical parame-
ters 

Table 1 shows that subjects with MetS had a 
significantly higher BMI, waist circumference and hip 
circumference compared to the subject without MetS 
(p<0.05). Demographic and anthropometric variables in 
the CVD group were not significantly different between 
subjects with and without CVD (p-value>0.05).

Evaluation of the clinical parameters showed that 
there was a significant difference in the serum levels 
of cholesterol, LDL, TG, FBG, SBP and DBP (p<0.05) 
between subjects with and without MetS. Moreover, the 
serum HDL level was significantly lower in the MetS 
and CVD group compared to the control group. Addi-
tionally, subjects with CVD had higher levels of serum 
cholesterol, TG, FBG, and SBP and DBP (p<0.05) than 
the control group (p<0.05).

Association of AKT1 rs1130233 genotypes with MetS 
and CVD

Frequencies of genotypes AA, AG and GG of the 
AKT rs1130233 polymorphism were 12.6%, 44.5% and 
42.9% in subjects with MrtS and 9.7%, 39.6% and 50.7% 
in subject with CVD, respectively. Also, the frequency 
of allele A and G in CVD and MetS population was 
29.5%, 70.5% and 34.8%, 65.2%, respectively. Accor-
ding to Table 2, the frequency of AKT1 genetic variants 

Variable 
MetS 

p-value
CVD 

p-value
MetS+ MetS- CVD+ CVD-

Male n (%) 115 (44.7) 92 (28.8) <0.001 67(46.5) 67 (46.2) 0.95
Age 55.63±8.36 49.86±9.45 <0.001 53.2±7.69 53.5±5.13 0.98
BMI (kg/m2) 30.84±4.45 27.56±4.98 <0.001 28.68±4.68 28.24±5.2 0.49
WC (cm) 96.94±14.04 90.46±12.52 <0.001 94.43±13.03 91.98±14.17 0.11
HC (cm) 105.04±10.45 101.44±9.46 <0.001 102.36±10.86 101.57±9.6 0.3
DBP (mmHg) 82.9±11.98 75.27±10.6 <0.001 81.39±10.82 77.29±10.01 <0.001
SBP (mmHg) 131.08±21.84 117.4±17.68 <0.001 128.79±22.31 121.23±17.98 0.001
FBG (mg/dl) 103.41±45.68 82.68±20.28 <0.001 115.18±61.8 85.92±26.47 <0.001
Cholesterol (mg/dl) 198.35±43.52 185.1±35.69 <0.001 201.84±46.004 190.85±37.16 0.03
HDL (mg/dl) 39.26±7.72 45.34±10.29 <0.001 42.21±10.91 45.48±11.46 0.01
LDL (mg/dl) 120.13±38.63 110.96±31.66 <0.004 120.2±45.52 114.08±34.89 0.41
Triglyceride (mg/dl) 166.65±87.45 109.46±63.98 <0.001 157.86±89.002 124.5±79.01 <0.001

Table 1. Demographic, anthropometric, and clinical characteristics of subjects with and without MetS and CVD.

Data reported as mean ± SD. The Student t-test is used for comparison of normally distributed data and the Mann-Whitney test for comparison of 
non-normally distributed data. Abbreviation: CVD, Cardiovascular disease; MetS, metabolic syndrome; BMI, body mass index; HC, Hip Circum-
ference; WC, Waist circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBG, fasting blood glucose; LDL, Low-density 
lipoprotein; HDL, high-density lipoprotein.

CVD+ CVD- p-value
AA+ 14 (9.7) 21 (14.7) χ2 =1.65

p-value= 0.19AA- 130 (90.3) 122 (85.3)
AG+ 57 (39.6) 65 (45.5) χ2 =1.01

p-value=0.31AG- 87 (60.4) 78 (54.5)
GG+ 73 (50.7) 57 (39.9) χ2 = 3.39

p-value= 0.06GG- 71 (49.3) 86 (60.1)
MetS+ MetS- p-value

AA+ 32 (12.6) 47 (14.8) χ2 = 0.58
p-value=0.44AA- 222 (87.4) 270 (85.2)

AG+ 113 (44.5) 131 (41.3) χ2 = 0.57
p-value=0.44AG- 141 (55.5) 186 (58.7)

GG+ 109 (42.9) 139 (43.8) χ2 =0.05
p-value= 0.8GG- 145 (57.1) 178 (56.2)

Table 2. Frequency of rs1130233 genotypes in subjects with and 
without CVD.

Data reported as number (percent). P-value < 0.05 is defined statis-
tically significant. 
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  Discussion

To the best of our knowledge, this study is the first 
to evaluate the interactions between an AKT gene poly-
morphism (rs1130233) with CVD, its related risk fac-
tors and dietary intake. The results showed no associa-
tion between this polymorphism and MetS and CVD. 

Assessments show that MetS is 10 to 30 percent 
transmissive and somewhat inherited. Recently, genetic 
variants have been identified using genome-wide asso-
ciation studies and their association with MetS have 
been shown, however, this reported association needs 
to be validated in different populations (13, 27, 28). The 
factor with the greatest heritability in individuals with 
MetS is reported to be HDL (66%) and the lowest is sys-
tolic and diastolic blood pressure index (16% and 21%) 
(29). In a systematic review, an association between 25 
genetic variants with MetS was reported, showing the 
association of 8 SNP (single nucleotide polymorphism) 
with the presence of MetS which all are involved in li-
pid metabolism (30). 

AKT is the main component of the PI3K/AKT/mTOR 
signaling pathway which is involved in important cel-
lular processes such as proliferation, growth, survival 
and migration. It has previously been reported that any 

disturbance in the regulation of the AKT1 gene is asso-
ciated with several diseases, including cancer, neurolo-
gical disease, CVD, Huntington, Alzheimer's diseases, 
diabetes mellitus and other metabolic disorders (18). A 
recent study investigated the interaction of rs1130233 
SNP with MetS and its components, while no signifi-
cant association was seen for MetS (28). Other studies 
in Iran have investigated the association of rs1130233 
with different diseases. Taheri et al in Zahedan investi-
gated the association of AKT 726 G/A (rs1130233) and 
tuberculosis in the Iranian population and no associa-
tion was discovered in their study (31). Also, Bizhani et 
al in Iran demonstrated that the rs1130233 AKT1 gene 
was associated with an increased risk of bladder can-
cer (32). Several studies in other countries reported the 
association of AKT rs1130233 with the risk of other di-
seases including schizophrenia (33), gastric cancer (34) 
and pancreatic cancer (25). 

The distribution of AA, AG and GG genotypes in 
the present population showed a frequency of 12.6%, 
44.5% and 42.9% in MetS patients and 9.7%, 39.6% 
and 50.7% in CVD patients respectively. Of note, the 
genotype frequency of this SNP in our study in the MetS 
group was similar to the genotype frequency of the same 
SNP in MetS cases in the Eshaghi et al study (28). In this 

Variable MetS p-value CVD p-valueMetS+ MetS- CVD+ CVD-
Macronutrients

Energy (Kcal) 1761.3±626.36 1658.71±560.56 0.43 1855.39±649.94 1688.63±600.42 0.01
Protein (g) 70.68±19.69 69.15±18.18 0.44 74.22±29.96 68.78±18.9 0.26

Total 
carbohydrate (g) 232.24±54.62 239.9±49.6 0.32 230.72±57.1 242.6±52.26 0.15

Total simple 
sugar (g) 89.41±47.19 96.83±50.56 0.25 83.42±44.94 94.24±50.41 0.1

Starch (g) 140.08±43.97 139.91±46.65 0.8 143.003±48.58 144.95±51.78 0.26
Fiber (g) 16±7.96 16.83±7.02 0.16 16.13±9.23 17.47±7.4 0.059

Total fat(g) 73.15±20.05 70.59±17.66 0.58 72.21±21.82 69.69±17.97 0.31
Cholesterol (mg) 221.55±137 234.73±152.97 0.63 213.71±150.72 233.32±143.85 0.18

SFA(g) 19±6.26 18.63±6.11 0.45 18.45±6.32 18.49±6.34 0.96
TFA (g) 1.82±0.59 1.8±0.65 0.48 1.86±0.75 1.83±0.8 0.83

MUFA(g) 20.33±5.77 19.91±6.25 0.43 20.25±7.43 19.22±5.9 0.59
PUFA(g) 25.68±12.01 23.65±9.08 0.23 24.72±11.5 23.44±9.14 0.39

Micronutrients
Sodium (mg) 6839.24±15242.71 4546.92±11194.99 0.32 8444.37±18604.11 3689.64±10713.13 0.32

Potassium (mg) 2897.1±842.01 2877.77±814.16 0.65 2960.69±1077.14 2898.6±828.55 0.71
Calcium (mg) 949.85±343.07 858.46±312.01 0.007 862.93±373.59 878.85±347.99 0.62
Magnesium 

(mg) 255.95±76.4 251.93±74.06 0.81 270.24±116.64 251.47±79.52 0.58

Phosphor (mg) 1365.17±281.85 1291.48±293.76 0.008 1341.82±381.95 1304.32±336.46 0.51
Iron (mg) 10.6±4.73 10.71±14.19 0.59 11.13±4.93 11.18±4.53 0.91

Selenium (µg) 37.06±21.05 37.26±23.49 0.63 38.15±25.52 39.55±27.85 0.6
Zinc (mg) 9.42±2.69 9.34±2.77 0.77 9.79±2.93 9.46±3.02 0.79

Copper (mg) 1.95±1.48 1.99±1.47 0.17 2.08±1.56 2.13±2.05 0.82
Manganese (mg) 3.88±1.23 3.95±1.33 0.64 4.05±1.61 4.03±1.46 0.7

Iodine (µg) 147.24±96.57 126.8±84.26 0.04 128.43±97.83 125.24±89.23 0.93
Chloride (mg) 9834.33±23243.32 6439.47±17076.48 0.65 12260.77±28418.78 5079.4±16351.02 0.28

Values are expressed as mean±SD. Nutrient intakes were adjusted for total energy intake by the residual method of linear regression. Abbrevia-
tions: SFA, saturated fatty acid; TFA, trans fatty acid; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acid. The T-student test 
was used.

Table 4. Levels of dietary intakes in subjects with and without MetS and CVD.
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study, the AA genotype had the lowest frequency among 
the population. A similar result has also been seen in 
different studies. In 2004, Taheri showed that the abun-
dance of AA, AG and GG genotypes in pulmonary tu-
berculosis in rs1130233 polymorphism was 7%, 47.4% 
and 45.6% respectively (31). Also, Bizhani et al in 2018 
showed a frequency of  9% for AA genotype, 56.9% for 
AG and 40% for GG genotype (32). These results show 
that the risk of genotype AA which is the homozygous 
genotype for risk allele has the lowest frequency in the 
MetS and CVD population. 

The interaction between genetics and food intake as 
a key role in environmental factors play an important 
role in the development of MetS (35, 36). Changing diet 
patterns may play an important role in the prevalence of 
metabolic risks in Iran (37). 

The results of dietary intake in the population of the 
present study showed a significant association between 
dietary phosphorus (p=0.008), calcium (p=0.007) and 
iodine intake (p=0.04) with MetS. Also, the intake of 
sodium, chloride, total fat and energy in MetS was 
higher compared to the controls but was not significant 
(p>0.05). In individuals with CVD, the dietary energy 
intake was significantly higher (p=0.01). The mean 
intake of phosphorus in MetS patients and the control 
group was 1365.17 mg and 1291.48 mg respectively. It 
has been reported that individuals who consume more 
than one serving a day of soda drinks had a 36% higher 
risk of MetS compared to those who did not consume 
any diet soda (38). High bone fractures in adolescent 
girls were found to be due to a high intake of carbona-
ted drinks containing phosphoric acid (39). Therefore, 
a high level of dietary phosphorus may be attributed 
to a high intake of carbonated nonalcoholic beverages. 
In contrast to our result, studies have revealed that die-
tary calcium intake may play a role in thermogenesis, 
adipocyte apoptosis and stimulate lipolysis and have 
reported an antiobesity effect of calcium intake (40). On 
the other hand, other studies have resulted that MetS 
is related to the type of food consumed and not the 
overall dietary calcium intake (41, 42). Dairy products 
are the main food sources of calcium, by making fatty 
acid-insoluble soaps through interfering with saturated 
fatty acid absorption  (43). A meta-analysis conducted 
by Abargouei et al in 2012 demonstrated that higher 
consumption of dairy products eventually led to weight 
loss (44). However, a study in Iran showed no signifi-
cant association between dairy consumption and body 
weight (45). It should be noted that total dairy consump-
tion more than twice a week could reduce MetS and its 
component (46). The differences in the result of studies 
may be due to differences in the dietary pattern of the 
study population. In the present study, a significant cor-
relation between iodine intake and MetS was demons-
trated. The mean intake of iodine in MetS and control 
group was 147.4 mg and 126.8 mg respectively. High 
blood pressure in MetS patients can be attributed to high 
salt intake. Since 24-hour urine excretion represents salt 
intake, Hoffmann et al showed that people with MetS 
receive 1.5 gr to 2gr more salt than those who do not 
have MetS criteria (47). The first global comprehensive 
study on iodine deficiency was undertaken in 1960 by 
the World Health Organization (WHO), since then, sup-
plementation and adding iodine to salt has improved 

and this program is available in most countries (48). 
Since Iran has emphasized the use of iodized salt in 
recent years, it has been assumed that high iodine salt 
intake has led to an increase iodine intake in MetS pa-
tients. Moreover, Motamed et al showed no significant 
association between micronutrient intake and MetS in 
the Mashhad study population (24). It should be noted 
that the assessment of food intake was carried out using 
24-hour recall. To date, the most comprehensive and 
most well-known method for assessing nutritional sta-
tus is a 24-hour recall. This method requires an accurate 
prompting and full description of food and beverages 
eaten in the last 24 hour (49). However, due to lack of 
food stability in different days, various results can be 
seen in the analysis of dietary intake, and it is not known 
whether the dietary intake in the short term reflects their 
longer-term dietary intake or not. In connection with the 
effect of mutations, new technologies such as genome 
editing can be used (50).

In this study, we used a relatively large sample size, 
but its cross-sectional design can limit some conclu-
sions. Longitudinal studies are needed to clarify the 
AKT genetic variant effects on CVD risk factors and 
to confirm these findings in other ethnicities. In addi-
tion, it is possible that lifestyle characteristics and cer-
tain dietary patterns may interfere with the relationships 
among rs1130233 and CVD risk factors.  In summary, 
our study cannot support the hypothesis that rs1130233 
polymorphism is associated with CVD risk factors.
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