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Abstract

:

Background and Aims: The present study was designed to investigate SNP rs17300539 in the ADIPOQ gene and its relationships with obesity, metabolic syndrome (MS), and serum circulating adiponectin. Methods: The present design involved a Caucasian population of 329 subjects with obesity. Anthropometric and adiposity parameters, blood pressure, biochemical parameters, and the percentage of patients with metabolic syndrome were recorded. The ADIPOQ gene variant (rs17300539) genotype was evaluated. Results: The percentage of patients with different genotypes of the rs17300539 polymorphism in this sample was 86.0% (n = 283) (GG), 11.2% (n = 37) (GA), and 2.7% (n = 9) (AA). The allele frequency was G (0.76) and A (0.24). Applying the dominant genetic model (GG vs. GA + AA), we reported differences between genotype GG and genotype GA + AA for serum adiponectin levels (Delta: 7.5 ± 1.4 ng/mL; p = 0.03), triglycerides (Delta: 41.1 ± 3.4 mg/dL; p = 0.01), fastingcirculating insulin (Delta: 4.9 ± 1.1 mUI/L; p = 0.02), and insulin resistance as HOMA-IR (Delta: 1.4 ± 0.1 units; p = 0.02). The remaining biochemical parameters were not related to the genotype of obese patients. The percentages of individuals with MS (OR = 2.07, 95% CI = 1.3–3.88; p = 0.01), hypertriglyceridaemia (OR = 2.66, 95% CI = 1.43–5.01; p = 0.01), and hyperglycaemia (OR = 3.31, 95% CI = 1.26–8.69; p = 0.02) were higher in GG subjects than patients with A allele. Logistic regression analysis reported an important risk of the presence of metabolic syndrome in GG subjects (OR = 1.99, 95% CI = 1.21–4.11; p = 0.02) after adjusting for adiponectin, dietary energy intakes, gender, weight, and age. Conclusions: The GG genotype of rs17300539 is associated with hypertriglyceridaemia, insulin resistance, low adiponectin levels, and a high risk of metabolic syndrome and its components.
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1. Introduction


Metabolic syndrome is an important group of risk factors with rising prevalence worldwide: glucose intolerance or diabetes mellitus, central obesity, dyslipidaemia (high triglyceride levels and low HDL-cholesterol levels), high blood pressure levels, and an unknown chronic pro-inflammatory state [1]. The metabolic syndrome is the condition that precedes obesity, diabetes mellitus, and all cardiovascular events with high mortality in our Western societies, such as ischemic heart disease, cerebrovascular accident, and peripheral ischemic arteriopathy [2]. In the development of metabolic syndrome are several implied factors presenting a polygenic status and multifactorial disease due to the interaction of an elevated number of different genes (genetic background) with environmental factors (exposome) [2,3]. The genes related to metabolic syndrome involve multiple metabolic pathways related to adipocytokines and sometimes other pathways [3], and, without a doubt, environmental factors such as sedentary lifestyle and excessive caloric intake are factors that influence its development [2]. In this sense, obesity is one of the main factors and is a heterogeneous entity where multiple factors, especially related to physical activity, dietary intake, and genetics as well as other environmental influences contribute to the pathogenicity of obesity. Heritability contributes significantly to obesity development, besides numerous genetic variants associated with various aspects of obesity have been identified in different type of designs [4,5,6].



In this situation, adipose tissue is regarded as an endocrine organ and it has a main role to the development of MS [7]. Adipose tissue has the capacity to generate numerous adipokines, including adiponectin, which has garnered significant interest for its beneficial impact on type 2 diabetes and metabolic disorders since its discovery. It has drawn important attention due to its positive action against the development of type 2 diabetes mellitus and its anti-atherogenic properties and anti-inflammatory effects; these properties allow to prevent cardiovascular events [8,9]. Despite variations in the results of various studies, there is compelling evidence that adiponectin enhances insulin sensitivity by improving lipid and glucose metabolism. Several potential genes have been examined in this area [10,11,12], with single nucleotide polymorphisms accounting for only 5–10% of plasma adiponectin levels thus far. The primary gene associated with levels of circulating adiponectin was ADIPOQ on chromosome 3. This gene has emerged as a significant signal in multiple genome-wide association studies conducted among Caucasian populations [13]. On the other hand, associations with metabolic syndrome and/or adiponectin levels have been described for genetic polymorphisms in the ADIPOQ gene in some clinical investigations [14,15,16,17,18]. Moreover, some of these relationships could not be reconfirmed by other investigators [19,20,21]. One of the variants is the SNP rs17300539, which has been associated with metabolic response after a weight reduction program in obese patients [22] or fish oil supplementation with pills [23] and with the risk of development diabetes mellitus [24]. As previously mentioned, research conducted by Goyenechea et al. in obese patients [22] revealed that a 30% reduction in energy intake over 8 weeks resulted in improved metabolic parameters in these subjects. Interestingly, their findings indicated that those with the A allele exhibited a protective effect against metabolic risk during dietary intervention over 1 year, as well as protection against repeated weight gain. This fact suggests an intriguing potential interaction between energy intake and the metabolic pathways influenced by rs17300539. Moreover, further insights into this genetic variant’s influence on metabolism were uncovered by Alsaleh et al. [23] who analyzed data from the MARINA study (Modulation of Atherosclerosis Risk by Increasing Doses of n3 Fatty acids). Their work demonstrated an association between rs17300539 and serum adiponectin concentrations, suggesting that the type of dietary fats consumed may also play a role in modulating the SNP’s impact on metabolism pathways of patients with obesity at risk of metabolic syndrome. Despite all of these relationships with metabolic syndrome and dietary interventions with secondary metabolic changes in patients with obesity, the association of this genetic variant rs17300539 with metabolic disorders and adiponectin levels has not been sufficiently evaluated in the literature [24]. For everything previously mentioned, it is very important to have scientific data in this area of knowledge at a time where personalized medicine, and, within it, personalized nutrition, is playing a relevant role in the care of obese patients with a high risk to develop metabolic syndrome and other comorbidities.



Given its potential role in metabolic syndrome, criteria of this entity and serum adiponectin levels, the present investigation was realized to evaluate the role of the SNP rs17300539 in the ADIPOQ gene and its relationships with obesity, metabolic syndrome, and serum adiponectin levels in a population of Caucasian out patients with obesity received in an Obesity UNit.




2. Materials and Methods


2.1. Subjects and Clinical Investigation


Males and females were recruited from a Caucasian population which attended an obesity unit in a fasting state; these subjects were sent to our Nutrition Clinic to treat their weight problem (body mass index ≥ 30 kg/m2). A total of 329 subjects with obesity agreed to be enrolled in the trial and all patients gave their signed informed consent for enrollment before they were included in the present trial. The investigation was conducted in accordance with the Declaration of Helsinki and the Local Ethics Committee of our hospital (No 01/2022) approved the study. The inclusion criteria of our study were as follows: body mass index ≥ 30 kg/m2, no previous history of cardiovascular events, no active alcoholism, no malignant tumors, did not receive any medications known to influence lipid or glucose levels within the 12 weeks before the study, and followed a hypocaloric diet during the pre-recruitment period (less than 6 months). Patients taking drugs for hyperlipidemia, hypertension, obesity, or diabetes mellitus were excluded.



During the enrollment visit and after signing the informed consent, the next adiposity parameters (weight, body mass index (BMI), fat mass by bio impedance and waist circumference), systolic and diastolic blood pressure, and dietary intake were recorded. In the same basal visit, a total of 10 mL of venous blood was aliquoted in ethylenediaminetetraacetic acid (EDTA)-coated tubes in a fasting state of 10 h, with the patient lying on a medical stretcher and after 10 min of rest. The next biochemical parameters were also determined: insulin, lipid profile as (serum total cholesterol, serum LDL-cholesterol, serum HDL-cholesterol and serum triglycerides), serum adiponectin, and C-reactive protein. Finally, all patients were genotyped (rs17300539). To genotype patients, a peripheral blood sample, a total of 5 mL, is used to extract DNA from circulating lymphocytes.



MS was identified based on the criteria set by the Adult Treatment Panel III. Patients had to comply at least three of the following criteria to receive an metabolis syndrome diagnosis: high fasting glucose or diabetes treatment, elevated triglycerides (above 150 mg/dL) or dyslipidemia treatment, low HDL cholesterol below 40 mg/dL (males) or below 50 mg/dL (females), high systolic or diastolic blood pressure (above 130/85 mmHg), and increased waist circumference [1].




2.2. Adiposity Parameters and Blood Pressure


Height (cm) and waist diameter (cm) were determined using a non-elastic measuring tape (Omrom, Los Angeles, CA, USA). For all patients, their unclothed body weight was determined using digital scales (Omrom, Los Angeles, CA, USA). Body mass index (BMI) was calculated according to the measurement of total body weight (kg) divided by the square of height (m). Total body fat mass was determined by bio impedance [25] (EFG BIA 101 Anniversary, Akern, Pisa, Italy) using the next equation: (0.756 Height2/Resistance) + (0.110 Body mass) + (0.107 Reactance) − 5.463.



Diastolic and systolic blood pressures were assessed through the average of three consecutive determinations taken (Omrom, Los Angeles, CA, USA) after the participants had been seated for 10 min.




2.3. Biochemical Procedures


The lipid levels, glucose levels, and inflammatory markers such as C-reactive protein and adiponectin were analyzed in the blood sample. The COBAS INTEGRA 400 analyzer was used to measure total cholesterol, HDL cholesterol, and triglyceride levels. LDL cholesterol was calculated indirectly by the Friedewald equation (LDL cholesterol = total cholesterol − HDL cholesterol − triglycerides/5) [26].



Fasting glucose levels were measured by a total automated hexoquinase oxidase method and basal insulin was determined using the electrochemiluminescence assay (COBAS INTEGRA 400 analyzer, Roche Diagnostic, Montreal, QC, Canada). Subsequently, the homeostasis model assessment for insulin resistance (HOMA-IR) was obtained using both parameters with the following equation (glucose × insulin/22.5) [27]. C-reactive protein (CRP) was measured by a standard method of immunoturbimetry (Roche Diagnostics GmbH, Mannheim, Germany).



Finally, serum adiponectin levels were determined by Enzyme Linked ImmunoSorbent Assay (ELISA) with a commercial kit (R&D systems, Inc., Mineapolis, MN, USA) (DRP300).




2.4. Genotyping of the ADIPOQ Gene


DNA was isolated from oral swabs using QIAamp® (Hilden, Germay). The −11391 G/A rs17300539 SNP was analyzed in all participants utilizing a technique based on quantitative DNA polymerase chain reaction (qPCR) (QuantStudio 12K Flex Real-Time qPCR instrument, Thermofisher, Pittsburgh, PA, USA). Evaluation of genotyping accuracy involved the incorporation of duplicates in the arrays and inclusion of negative controls (water) on each plate. In the real time polymerase chain reaction, we used a final volume of 10 μL containing 2.5 μL TaqMan OpenArray Master Mix (Applied Biosystems, Foster City, Los Angeles, CA, USA) and 2.5 μL human DNA sample according to the manufacturer’s instructions (Thermocycler Life Technologies, Los Angeles, CA, USA). Genotype calling and sample clustering for Open Array assays was performed using the TaqMan Genotyper (Life Technologies, Carlsbad, CA, USA). The Hardy–Weinberg equilibrium was assessed using a statistical test. The ADIPOQ gene variant was found to be in Hardy–Weinberg equilibrium (p = 0.47).




2.5. Dietary Intakes and Physical Activity


For all patients, a dietitian recorded the dietary intakes on three non-consecutive days in order to evaluate the total daily intake of calories and macronutrient distribution. In the evaluation of the dietary intake of these three days, two days were included, that is, between Monday and Friday and a weekend day (Saturday or Sunday); in this way, the average obtained intakes will better reflect the real intake of seven days a week. The dietary registrations were determined using professional software (Dietsource®, version 1.0, Nestlé, Geneve, Switzerland) [28]. Physical activity was self-reported by each subject using a questionnaire. In this questionnaire, the patient noted their daily physical activity in minutes and an average of that activity was recorded for the 7 days of the week, with a final result in minutes/week.




2.6. Statistical Analysis


The study’s sample size was established to detect total body weight differences of over 3 kg with 90% power and 5% significance (n = 320). The distribution of variables was assessed using the Shapiro–Wilk test and Kolmogorov–Smirnov test. The ADIPOQ rs17300539 genotype was analyzed using a dominant model (GG vs. GA + AA), in this model, the assumption is that the presence of a single A allele is already a risk allele. Analysis of the Student t-test and Kruskal–Wallis test was fitted for parametric and nonparametric data, respectively. The Bonferroni test was applied for multiple testing to reduce Type I errors in association analysis.



Logistic regression analyses were adjusted for adiponectin, energy intake, age, sex, and weight to calculate odds ratios (ORs) and the 95% confidence interval (CI) for estimating the association of the SNP with components of metabolic syndrome. The statistical analysis was conducted using SPSS version 23.0 for Windows software package. Statistical significance was defined as p values below 0.05. (SPSS Inc., Chicago, IL, USA).





3. Results


A group of 329 Caucasian subjects with obesity formed the total study sample. Individuals were middle aged with a mean age of 47.8 ± 2.1 years (range: 29–55) and a mean body mass index (BMI) of 39.8 ± 2.9 kg/m2 (range: 36.7–41.1), respectively. Gender distribution was 232 females (70.5%) and 97 males (29.5%), with a clear predominance of women in the selected sample. The percentage of different genotypes of the rs17300539 polymorphism in this sample was 86.0% (n = 283) (GG), 11.2% (n = 37) (GA), and 2.7% (n = 9) (AA). The evaluation of these genotypes showed the next allele frequency; G allele (0.76) and A allele (0.24) (risk allele).



The average age and mean BMI were equal in both of the above-mentioned genotype groups. Mean values of age (GG; 48.0 ± 1.1 years vs. GA + AA; 47.6 ± 2.0 years: ns) as well as the female/male ratio (GG 28% males vs. 72% females vs. GA + AA; 33% males vs. 67% females: ns) were similar between both genotype groups.



According to our dominant genetic model evaluation, Table 1 shows the average values for anthropometric parameters and blood pressure data (mean ± SD). When analyzing the two genotypes, all anthropometric parameters were similar without statistical differences between groups. Systolic and diastolic blood pressures remained similar in both genotype groups.



Biochemical parameters and serum adiponectin levels related to genotype are shown in Table 2. Analyzing both genotypes, the next values (triglycerides, insulin, and HOMA-IR) were lower in AA + GA patients than GG patients (Table 2). Applying this dominant genetic model again (GG vs. GA + AA), we noted statistical disparities between the genotype groups in their serum adiponectin levels (Delta: 7.5 ± 1.4 ng/mL; p = 0.03), triglycerides (Delta: 41.1 ± 3.4 mg/dL; p = 0.01), insulin (Delta: 4.9 ± 1.1 mUI/L; p = 0.02), and HOMA-IR (Delta: 1.4 ± 0.1 units; p = 0.02).



Table 3 presents the daily dietary intakes and self-reported physical activity. According to the dominant model, there were no statistically significant differences in average carbohydrate, lipid, and protein intakes. The profile of the type of dietary fat (saturated, monounsaturated, and polyunsaturated) are likewise similar. And finally, fiber intakes between genotype GG vs. genotype GA + AA (dominant model) were equal. Moreover, energy intake was higher in the GG group (Delta: 285.1 ± 5.4 cal/day; p = 0.02). Physical activity was also similar in genotype GG vs. genotype GA + AA (dominant model).



According to the metabolic characteristics results, 62% of individuals (n = 204) had metabolic syndrome, while 38% of patients (n = 125) did not have this entity. The frequency of subjects with metabolic syndrome and various components of this entity (central obesity, hypertriglyceridemia, hypertension, or hyperglycemia) is presented in Table 4. Percentage of patients with hypertriglyceridemia, patients with hyperglycemia were higher in subjects with A allele with statistical differences. According to the results of metabolic characteristics and calculating odss ratios, the percentages of individuals who had metabolic syndrome (OR = 2.07, 95% CI = 1.3–3.88; p = 0.01), hypertriglyceridemia (OR = 2.66, 95% CI = 1.43–5.01; p = 0.01), and hyperglycemia (OR = 3.31, 95% CI = 1.26–8.69; p = 0.02) were higher in GG subjects than in individuals with the A allele.



The cutoff points for defining central obesity (waist circumference > 88 cm in females and >102 in males), hypertension (systolic BP > 130 mmHg or diastolic BP > 85 mmHg or specific treatment), hypertriglyceridemia (triglycerides > 150 mg/dL or specific treatment), or hyperglycemia with fasting plasma glucose level of >110 mg/dL, taking drugs to treat elevated blood sugar. * p < 0.05 among both genotypes compared using a dominant model (GG vs. GA + AA).



Logistic regression statistical analysis showed an increased risk of percentage of metabolic syndrome in GG subjects (OR = 1.99, 95% CI = 1.21–4.11; p = 0.02) after adjusting for serum adiponectin, dietary energy intakes, gender, weight, and age of the patients with obesity.




4. Discussion


In our present study, the action of the adiponectin gene (ADIPOQ) promoter SNP −11391 G/A (rs17300539) has been demonstrated on the risk of metabolic syndrome presence, insulin resistance, hypertriglyceridemia, and low serum adiponectin levels in Caucasian patients with obesity.



First, we observed that the frequency of the minor allele (A) was equal to that reported in other general Caucasian populations in previous studies [17,29]. For this reason, we consider our study to be representative, which allows us to carry out an evaluation of the association with the different parameters analysed in our design. In the literature, the GG genotype has been linked to an increased susceptibility to type 2 diabetes mellitus and insulin resistance [16,30]. However, there is a shortage of studies that have examined its association with metabolic syndrome, the entity which precedes type 2 diabetes mellitus. Identifying high-risk patients is therefore a focus area for preventing the development of type 2 diabetes mellitus.



From a pathophysiological point of view, insulin resistance is considered the main defect of metabolic syndrome and ADIPOQ gene variants could be involved in this susceptibility. This potential association is due to a reduced serum adiponectin levels and increased fasting circulating insulin, which is attributed to the role of adiponectin in decreasing triglyceride content in different tissues and enhancing insulin signaling [31]. In our design, the GG genotype was related to an increased risk of MS and specifically with two criteria of this entity: hyperglycemia and hypertriglyceridemia. The main hypothesis of this association is that the ADIPOQ variant affects insulin resistance by regulating serum adiponectin levels [32]. Some studies have reported decreased levels related to the G allele of the rs17300539 variant [29,30], while other investigations have detected no association between the genetic variant and serum adiponectin levels [21]. It is important to consider different sources of information when evaluating these findings. Some research has indicated reduced levels connected to the G allele of the rs17300539 variation, while others have found no link between the genetic variant and adiponectin levels [21,29,30]. Its position was five inches from the response element for the transcriptional activator PPAR gamma (peroxisome proliferator response element) in the ADIPOQ promoter region implies a potential impact on transcription amount. In previous studies, Bouatia et al. [17] reported that the G allele had lower ADIPOQ promoter activity in COS7 cells, compatible with the lower circulating adiponectin levels.



A strength of the present work is the evaluation of dietary intake, showing a decrease in total energy intake in patients with the A allele. This dietary association has been described previously in the literature, specifically for the rs17300539 variant [33]. A prospective study among non-Caucasian children found that children with the A allele had a lower energy intake per day than those with the GG genotype [34]. However, in this work, the different macronutrients in the diet were not evaluated and the intake of different dietary lipids (saturated, monounsaturated, and polyunsaturated) was also not recorded, preventing definitive conclusions to be drawn about this association with the energy intake found. In our work, we also found an increase in caloric intake in patients with obesity and the GG genotype, with a non-significant increase in specific macronutrients in general. In the literature, there are also nutritional intervention studies in which we can also see some relationship with intake and this genetic variant. For example, Goyenechea et al. [22] demonstrated that a 30% energy restriction for 8 weeks improved metabolic parameters in overweight patients, but those with the A allele have a protective action to recover the metabolic risk after dietary intervention at 32 and 60 weeks; also, this allele confers protection to a new weight gain. Therefore, these results indicate a potential interaction between energy intake and the metabolic pathways in which rs17300539 acts. The type of dietary fat ingested may also influence the association of this SNP with metabolic parameters, as demonstrated by Alsaleh et al. [23] when analyzing the results of the MARINA study (Modulation of atherosclerosis Risk by Increasing Doses of n3 Fatty acids), for example. In this study [23], an interaction between rs17300539 and serum adiponectin concentrations with dietary n3 polyunsaturated fatty acids was reported. Unsaturated fatty acids act as activators for the transcription factor PPAR gamma [17], leading to an increase in ADIPOQ gene expression and a subsequent increase in serum levels of circulating adiponectin.



Finally, other studies have also shown an elevation of total cholesterol levels in patients with extreme obesity and the presence of GG genotype [35]. In our study, this potential association was not found. In the study by Gasparotto et al. [35], the sample of patients had an average BMI of 50 kg/m2, which may explain the differences with our study. This sample of the obese population increases by more than 10 points in BMI compared to our studied sample. The contradictory results in the above-mentioned investigations from the literature may be due to the type of population analysed: different ethnicities, the presence or absence of diabetes mellitus in the patients, different degrees of obesity, and different types of basal diets and amount of physical exercise [36].



Our study has some limitations that should be taken into consideration. Firstly, it was conducted on Caucasian patients with moderate obesity, thus the findings may not be applicable to all populations and all ethnicities. For example, in a population of overweight females with polycystic ovary syndrome, a lack of association between this ADIPOQ genetic variant and metabolic syndrome and comorbidities was recently reported [37]. Secondly, the study design was performed as a cross-sectional study, so we cannot provide causality in the same way as previous interventional studies or longitudinal follow-up cohort studies. Finally, dietary intake and daily physical activity have been carried out with surveys reported by the patients themselves, which can produce certain estimation biases.




5. Conclusions


In conclusion, this investigation was able to confirm that the GG genotype of ADIPOQ rs17300539 is associated with higher insulin resistance, triglyceride levels, and percentage of patients with metabolic syndrome compared with patients carried the A allele. Patients with this genotype had lower circulating adiponectin, which could be implied in the above-mentioned metabolic risk factors. Further designs are needed to reconfirm this relationship, especially because patients with obesity and lack of the A allele have a high cardiovascular risk and early preventive actions would be required to avoid cardiovascular events and the development of diabetes mellitus. In the era of personalized medicine and therefore personalized nutrition, the ability to predict metabolic risk and responses to therapies is very important, hence the relevance of our scientific findings. This personalization of medicine and nutrition is very important in a pathology like obesity that is reaching pandemic proportions around the world.
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Table 1. Anthropometric-adiposity parameters and blood pressure determinations.






Table 1. Anthropometric-adiposity parameters and blood pressure determinations.





	Parameters
	GG

n = 283
	GA + AA

n = 46
	p





	BMI
	40.9 ± 2.1
	39.8 ± 1.9
	0.23



	Weight (kg)
	106.8 ± 2.0
	105.9 ± 2.8
	0.32



	Fat mass (kg)
	49.9 ± 1.9
	48.9 ± 2.1
	0.42



	WC (cm)
	122.1 ± 3.0
	121.8 ± 2.3
	0.23



	SBP (mmHg)
	128.7 ± 1.9
	127.3 ± 2.1
	0.39



	DBP (mmHg)
	80.1 ± 4.0
	79.2 ± 4.1
	0.38







BMI: body mass index DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference. No significant variances. A dominant model (GG vs. GA + AA).













 





Table 2. Basal Biochemical parameters expressed as mean ± SD.






Table 2. Basal Biochemical parameters expressed as mean ± SD.





	Parameters
	GG

n = 283
	GA + AA

n = 46
	p





	Fasting Glucose (mg/dL)
	101.2 ± 2.0
	102.1 ± 3.0
	0.34



	Total cholesterol (mg/dL)
	195.3 ± 10.8
	195.2 ± 9.0
	0.21



	LDL-cholesterol (mg/dL)
	114.3 ± 3.1
	114.4 ± 4.0
	0.38



	HDL-cholesterol (mg/dL)
	52.9 ± 2.1
	53.1 ± 2.0
	0.32



	Triglycerides (mg/dL)
	153.1 ± 10.9
	112.7 ± 8.4 *
	0.01



	Insulin (mUI/L)
	21.0 ± 2.1
	16.1 ± 1.9 *
	0.02



	HOMA-IR
	5.5 ± 0.4
	4.1 ± 0.1 *
	0.02



	CRP (mg/dL)
	4.7 ± 0.4
	4.5 ± 0.8
	0.41



	Adiponectin (ng/mL)
	9.7 ± 0.4
	17.2 ± 0.9
	0.03







HOMA-IR (homeostasis model assessment of insulin resistance). CRP C reactive protein. * p < 0.05 among both genotypes in a dominant model (GG vs. GA + AA).













 





Table 3. Dietary intakes distribution and physical activity (mean ± SD).






Table 3. Dietary intakes distribution and physical activity (mean ± SD).





	Parameters
	GG

n = 283
	GA + AA

n = 46
	p





	Calories (cal/day)
	1887.3 ± 100.2
	1601.5 ± 90.5 *
	0.02



	Carbohydrates (g/day)
	215.3 ± 12.1
	200.2 ± 15.3
	0.15



	Proteins (g/day)
	89.9 ± 9.1
	73.6 ± 2.4
	0.21



	Lipids (g/day)
	74.6 ± 4.1
	65.2 ± 3.1
	0.31



	Fiber (g/day)
	12.4 ± 3.0
	14.9 ± 1.1
	0.29



	Cholesterol (mg/day)
	207.6 ± 12.9
	208.7 ± 19.8
	0.21



	Saturated fatty acids (g/day)
	37.5 ± 3.2
	36.8 ± 4.0
	0.49



	Monounsaturated fatty acids (g/day)
	30.1 ± 4.2
	27.2 ± 3.1
	0.41



	Polyunsaturated fatty acids (g/day)
	8.1 ± 4.0
	7.0 ± 3.8
	0.28



	Physical activity (minutes/week)
	103.9 ± 12.7
	101.9 ± 10.1
	0.33







* p < 0.05 among both genotypes in a dominant model (GG vs. GA + AA).













 





Table 4. Metabolic syndrome (MS) and components of MS.






Table 4. Metabolic syndrome (MS) and components of MS.





	Parameters
	GG

n = 283
	GA + AA

n = 46
	p





	Percentage of MS
	62.0%
	47.8% *
	0.01



	Percentage of central obesity
	65.4%
	52.1%
	0.24



	Percentage of hypertriglyceridaemia
	69.1%
	45.6% *
	0.01



	Low HDL cholesterol
	23.1%
	17.9%
	0.23



	Percentage of hypertension
	75.5%
	76.1%
	0.61


