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The high prevalence of obesity in Mexico starting from the early stages of life is concerning and represents a major public health problem. Genetic association studies have reported that single nucleotide variants (SNVs) in SIRT1, an NAD+-dependent deacetylase that plays an important role in the regulation of metabolic cellular functions, are associated with multiple metabolic disorders and the risk of obesity. In the present study, we analyzed the effect that the SNVs rs1467568 and rs7895833 of the SIRT1 gene may have on cardiometabolic risk factors in a young adult population from Mexico. A cross-sectional study was carried out with young adults between the ages of 18 and 25 who had a body mass index (BMI) greater than 18.5 kg/m2. This study included 1122 young adults who were classified into the normal weight (n = 731), overweight group (n = 277), and obesity group (n = 114) according to BMI of whom 405 and 404 volunteers were genotyped for rs1467568 and rs7895833 respectively using TaqMan probes through allelic discrimination assays. We found that the male sex carrying the G allele of rs7895833 had slightly lower BMI levels (p = 0.009). Furthermore, subjects carrying rs1467568 (G allele) showed a 34% lower probability of presenting with hyperbetalipoproteinemia where female carrying rs1467568 had lower levels of total cholesterol (p = 0.030), triglycerides (p = 0.026) and LDL cholesterol (p = 0.013). In conclusion, these findings suggest that the presence of both SNVs could have a non-risk effect against dyslipidemia in the Mexican population.
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INTRODUCTION
Obesity is a worldwide public health problem, and its prevalence is of particular concern in developed countries (Afshin et al., 2017; Secretaría de Salud Pública, 2018). The World Health Organization (WHO) defines it as an abnormal or excessive accumulation of fat that can be harmful to health (WHO, 2020). Obesity is a multifactorial disease associated with various cardiometabolic effects. For instance, an individual with a high body mass index (BMI) is at increased risk for type 2 diabetes (T2D), high blood pressure, cerebrovascular disease, sleep apnea, osteoarthritis, and certain cancers, such as endometrial, breast, and colon cancer (López-Gómez et al., 2016; Steele et al., 2017). Moreover, this disease may affect the patient’s health over a long duration, which can result in fertility problems, psychological problems and issues with self-esteem and failure in the later stages of development (Sánchez-Villegas et al., 2010; Cheng et al., 2016).
Sirtuins are a family of nicotinamide adenine dinucleotide (NAD)-dependent histone deacetylases, and therefore, their function is intrinsically linked to cellular metabolism. Sirtuins are important sensors of energy status, in addition to protecting cells against metabolic stress and regulating the aging process, and are themselves regulated by dietary and environmental stress (Chang and Guarente, 2014). Within the sirtuin family, the role of the seven mammalian sirtuins (SIRT1–7) has been determined, and sirtuin 1 (SIRT1) stands out as one of the most studied to date (Chang and Guarente, 2014; Bonkowski and Sinclair, 2016). Sirtuin-1, which is encoded by the SIRT1 gene, is located in the nucleus and cytoplasm and plays an important role in epigenetic regulation by deacetylating a variety of transcription factors (Li et al., 2007). Therefore, it has been associated with processes such as aging, apoptosis, and inflammation. Additionally, it participates as a regulator of several cellular functions, such as stress (Naqvi et al., 2010), fat and glucose metabolism (Rodgers et al., 2005), gluconeogenesis and glycolysis (Frescas et al., 2005) and insulin secretion (Moynihan et al., 2005).
Interestingly, it has been observed how SIRT1 can regulate the expression of other anti-aging genes such as Klotho, p66Shc (longevity protein) and Forkhead box proteins (FOXO1/FOXO3a) and how various adverse environmental effects such as unhealthy diets can inactivate the SIRT1 gene which in turn could play a key role in the development of metabolic diseases and premature aging in individuals (Martins, 2016; Martins, 2017).
Additionally and consistent with the above, several single nucleotide variants (SNVs) in the SIRT1 gene have been reported to be linked to multiple diseases, including inflammation, obesity, type 2 diabetes, blood pressure, dyslipidemia, cancer and coronary artery disease as risk or non-risk factors (Zillikens et al., 2009; Ramkaran et al., 2016).
For example, an association of the SIRT1 SNVs rs3758391 T/C [10:67883584 (GRCh38)] and rs369274325G/A [10:67912600 (GRCh38)] has been demonstrated with an increased risk of bladder cancer (Shafieian et al., 2019).), rs1467568 [10:67915401 (GRCh38)] with non-diabetic type 1 cardiorenal syndrome (Hou et al., 2019) and rs7895833 [10:67863299 (GRCh38)] with pediatric obesity as well as dyslipidemia in the geriatric population (Casarotto et al., 2019). While controversial other studies have not found an association of this SNV with metabolic syndrome (De Oliveira Meneguette et al., 2016).
Because in Mexico there is a high rate of obesity, especially among young adults, for whom this disease can affect their health for a longer period of time (Sánchez-Villegas et al., 2010; Cheng et al., 2016), our objective was to evaluate two genetic variants of SIRT1, the rs1467568 and rs7895833, and determine their association with cardiometabolic risk factors in a young adult population from the northeastern region of Mexico.
MATERIALS AND METHODS
Study group
A cross-sectional study was carried out with 1,122 students to the Universidad Autónoma de San Luis Potosí, (UASLP) from the state of San Luis Potosí, Mexico between 18 and 25 years old. The main criterion of selection was that they had a body mass index (BMI) greater than 18.5 kg/m2 and exclusion criteria included pregnancy, substance abuse, and cardiovascular disease history, cancer, acquired immunodeficiency syndrome, renal or liver disease, and being on treatment with hypoglycemic agents, antihypertensives, statins, or others.
The protocol was approved by the Ethics Committee of the Facultad de Ciencias Químicas, UASLP which has a Favorable Opinion for its operation from the National Bioethics Commission. It currently has the following Registration CONBIOÉTICA24CEI00320190726, with the registration number CEID2017060A. The study was designed according to the Declaration of Helsinki and ethical treatment of human subjects. All participants signed the informed consent letter and agreed to participate in the study.
Anthropometric, clinical and biochemical measurements: Glucose, cholesterol, triglycerides, HDL cholesterol and LDL cholesterol.
The students underwent a medical examination at the University Health Center of UASLP consisting of anthropometric measurements (height and weight) while systolic and diastolic blood pressure was measured in the dominant arm of the volunteer when seated position using a Welch Allyn® Baumanometer according to clinical guidelines (NOM-030-SSA2-1999). The biochemical variables were determined in the Laboratorio de Análisis Clínicos de la Facultad de Ciencias Químicas UASLP. Glucose, cholesterol, triglycerides, HDL cholesterol and LDL cholesterol were quantified from blood serum samples (overnight fast 12 h) by spectrophotometric methods Mindray BS 300 Auto Chemistry Analyzer (Mindray®, Shenzhen, China).
The following cardiometabolic risk critical cutoff values were considered for this study according to National Cholesterol Education Program (NCEP) guidelines Adult Treatment Panel III (ATP III) and Mexican guidelines: hyperglycemia ≥100 mg/dL (NOM, 2003); hypercholesterolemia ≥200 mg/dL; hypertriglyceridemia ≥150 mg/dL; hyperbetalipoproteinemia ≥100 mg/dL (NOM, 2003); hypoalphalipoproteinemia ≤40 mg/dL in male and ≤50 mg/dL in female (Fabian, 2023) and systolic pressure ≥130 mmHg and diastolic pressure ≥85 mmHg (Ávila, 2011).
The participants were classified according to World Health Organization (WHO) guidelines to BMI into the following groups: SP (study population, n = 1122), OG (overweight group, n = 277; BMI greater than or equal to 25–29.9 kg/m2) and OBG (obesity group, n = 114; BMI greater than or equal to 30 kg/m2). We considered as a control group clinically healthy subjects with normal weight (NW, n = 731; BMI greater than or equal to 18.5–24.9 kg/m2) (Weir et al., 2023)
Genotyping of genetic variants
Genomic DNA from all participants was extracted using a Promega® commercial kit (A1125) and adjusted to a concentration of 10 ng/μL on a Sinergy BioTek® spectrophotometer (USA) with a purity greater than 1.8 in absorbance ratio at 260 nm and 280 nm (A260/A280). Finally 405 and 404 volunteers were genotyped for rs1467568 and rs7895833 respectively. SNV detection was performed using TaqMan® SNV genotyping allelic discrimination assays which were specific for SIRT1 rs7895833 (4351379 C__29163689_10) and rs1467568 (4351379 C___1340398_10) (Thermo Fisher Scientific ®, Massachusetts, United States). All PCRs were run in triplicate and a no-template control was used for each single nucleotide variant. The Bio-Rad® CFX96 Touch (Singapore) real-time PCR detection system was used. Allelic and genotypic frequencies were compared with the Ensembl project database [https://www.ensembl.org/index.html]. The SNVs rs1467568 and rs7895833 were chosen based on their frequency above 10% in the Latino population. These frequencies were obtained from data repositories such as NCBI dbSNP (https://www.ncbi.nlm.nih.gov/snp/).
Statistical analysis
Descriptive statistics were calculated to determine the SNV prevalence of the OG and OBG groups, as well as biochemical and clinical risk factors. The normality of the data was determined using the Kolmogorov‒Smirnov test. To determine the significance of the proportions of the different categories, the chi-square test was used, and the Kruskal‒Wallis test and Mann‒Whitney U test were used for comparisons between groups. Genotypic and allelic frequencies of SNVs of the SIRT1 gene and Hardy-Weinberg equilibrium (Excoffier and Slatkin, 1995) were determined. The calculation of linkage disequilibrium (LD) and haplotypic frequencies was performed using the SHEsis® program (Shanghai Jiao Tong University, Shanghai Shi, China) based on the Excoffier-Slatkin expectation-maximization algorithm for maximum likelihood estimates. For the analysis of association, odds ratios (OR) were calculated using contingency tables and the chi-square statistic. In addition, for the SIRT1 variants we calculated the sample size using the Kelsey´s formula [Dean A.G., Sullivan K.M., Soe M.M (https://www.openepi.com/SampleSize/SSCC.htm)] with a statistical power of 80%, a 95% confidence interval (CI), and a maximum estimated odds ratio of 2 for low-penetrance SNV, resulting in 134 subjects for study group for the less frequent SNV (rs1467568 SIRT1).
RESULTS
Anthropometric, clinical, and biochemical characteristics
A total of 1,122 young adults (523 women and 599 men) were analyzed. Most anthropometric, clinical and biochemical parameters were within normal ranges. A prevalence of overweight and obesity of 24.5% and 10.3%, respectively in both sexes and it was found that systolic and diastolic blood pressure, glucose, Triglycerides and Cholesterol HDL were different between men and women (p < 0.01) (Table 1).
TABLE 1 | General description of the study population.
[image: Table 1]Furthermore, overweight and obese subjects were associated with hypertriglyceridemia, hypercholesterolemia, and hyperglycemia, where overweight subjects were up to six times more likely to have hypertriglyceridemia (OR: 6.10%, 95% CI: 4.20–8.70, p < 0.01) (Figure 1A). While obese subjects were four times more likely to have hyperglycemia (Figure 1B) in both sexes (OR: 4.20%, 95% CI: 2.0–8.7, p < 0.01).
[image: Figure 1]FIGURE 1 | Association of hyperbetalipoproteinemia, hypercholesterolemia, hypertriglyceridemia and hyperglycemia as cardiometabolic risk factors of overweight and obesity. The cutoff criteria were based on to Mexican and National Cholesterol Education Program Adult (ATP III) guidelines. The overweight and obesity group were based on of the cutoff criteria according to the World Health Organization. (A) Association of cardiometabolic risk factors in subjects with overweight. (B) Association of cardiometabolic risk factors in subjects with obesity.
In the evaluation by sex, it was observed that the male sex was a risk group for suffering from cardiometabolic disease, unlike the female sex. It was also found that the overweight and obese male sex was three times more likely to present hypoalphalipoproteinemia (OR: 3.04; 95% CI: 1.83–5.06; p < 0.001) than overweight females (OR: 7.47; 95% CI: 3.13–17.7; p < 0.001) (Figures 2A,B).
[image: Figure 2]FIGURE 2 | Association of hyperbetalipoproteinemia, hypercholesterolemia, and hypertriglyceridemia as cardiometabolic risk factors of overweight and obesity according to sex. Odds ratio for the sex condition where male sex was considered as a cardiometabolic risk factor. The cutoff criteria were based on to Mexican and National Cholesterol Education Program Adult (ATP III) guidelines where hypoalphalipoproteinemia: ≤40 mg/dL in male sex and ≤50 mg/dL in female sex. The overweight and obesity group were based on of the cutoff criteria according to the World Health Organization. (A): Association of cardiometabolic risk factors in subjects with overweight. (B): Association of cardiometabolic risk factors in subjects with obesity.
Determination of allelic and phenotypic frequencies
The most prevalent genotypic frequency in this population for rs7895833 (A>G) and rs1467568 (A>G) was the heterozygous group (AG), and the most frequent allele was the A allele for both SNVs (Table 2). The frequencies found in the population of San Luis Potosí, Mexico were compared with the frequencies in Mexican American populations of the Ensembl project database, the results were similar, and no significant differences were found. For example, for the SNV rs7895833, the frequencies of alleles A and G in our population were 61% and 39%, respectively, while for the Mexican-American population, the allelic frequencies of A and G were 61.7% and 38.3%, respectively.
TABLE 2 | Genotype frequencies of the study population.
[image: Table 2]With respect to the SNV rs1467568, the allele frequencies of A and G in our population were 60.7% and 39.3%, respectively, and the frequencies in Mexican Americans were 61.7% (A) and 38.3% (G).
According to the Hardy-Weinberg analysis, both SIRT1 SNVs were found in equilibrium (p > 0.05) for all the groups analyzed (Table 3). Furthermore, LD analysis showed a low LD with a D′ value of 0.58, indicating that both of the above SIRT1 SNVs had a 58% probability of being inherited together from generation to generation.
TABLE 3 | Genotypic and allelic frequencies of the study participants classified by body mass index.
[image: Table 3]Differential association of alleles and genotypes of SNVs with biochemical factors
When evaluating the frequencies of the SNVs rs7895833 and rs1467568 SIRT1 haplotypes, we found that the most frequent haplotype was A/G in the OG/OBG group while the highest frequency for the haplogenotype was AG/AA in the same group. When performing the association analysis, we found that no haplotype or haplogenotype was significantly associated with overweight and obesity, considering the A/A haplotype and AA/AA haplogenotype as the reference group for not having the risk allele (G) of the SNVs (Table 4) and when analyzed using the dominant genetic model there were no significant associations either (Supplementary Table S1).
TABLE 4 | Haplotype association of rs7895833 and rs1467568 in the SIRT 1 gene con overweight/obese and normal weight.
[image: Table 4]When evaluating the association with anthropometric, clinical, and biochemical parameters, we found that a trend for non-risk effect was obtained between rs1467568 SIRT1 SNV and LDL cholesterol levels (OR = 0.66; 95% CI = 0.43–1; p = 0.05) (Supplementary Table S2). The female sex carrying the G allele of rs1467568 had lower levels of cholesterol, triglycerides, and LDL cholesterol than female homozygous for the A allele (Table 5).
TABLE 5 | Anthropometric, clinical and biochemical characteristics stratified according by dominant model according to SIRT 1 rs1467568 SNV.
[image: Table 5]SNV rs7895833 of SIRT1 was not associated with anthropometric, clinical or biochemical parameters. However, we observed that in the overweight group the study population as well as the male sex carrying the G allele for SNV rs7895833 had slightly lower BMI levels compared to the group homozygous for the A allele (p = 0.009) (Table 6). While for the group with obesity, an increase in total cholesterol and LDL cholesterol levels was observed in the group carrying the G allele, however it was not significant when classified by sex (Table 6).
TABLE 6 | Anthropometric, clinical and biochemical characteristics stratified by sex according to SNV rs7895833 genotypes of SIRT 1 in overweight and obese subjects.
[image: Table 6]DISCUSSION
SNVs could influence the severity of diseases such as overweight and obesity. Specifically, some genetic variants in the SIRT1 gene have been associated with elevated BMI levels and alterations in biochemical and clinical parameters. In the present work, two SIRT1 SNV, the rs1467568 and rs7895833, were analyzed in a young adult population from the northeastern region of Mexico. We found that these SIRT1 SNVs were not associated with clinical, biochemical, and anthropometric parameters.
In this study population, the A allele was found to be the most frequent allele for both SIRT1 SNV. The male sex carrying the SNV rs7895833 (G allele) presented a lower BMI than subjects without the this SIRT1 SNV and subjects carrying the SIRT1 SNV rs1467568 (G allele) showed a non-risk effect with a 34% probability of not presenting hyperbetalipoproteinemia, where women carrying the rs1467568 had lower levels of total cholesterol, triglycerides, and LDL cholesterol than women without this SNV.
The allelic and genotypic frequencies in the population of San Luis Potosí were like the frequencies reported in the Mexican American population from the Ensembl project database.
However, differences in the allelic frequencies were observed when comparing our results with studies in other populations; in addition, to the fact that in the Asian population, the most frequent allele is the G allele (Shimoyama et al., 2012; De Oliveira Meneguette et al., 2016). These differences may be due to the type of sampling, sample size, and genetic background of each population studied.
\Regarding the SNVs rs1467568 and rs7895833, it has been described that Japanese female carrying the G allele of rs1467568 or the A allele of rs7895833 had a higher BMI than female without these SNVs (Higashibata et al., 2016), and Casarotto et al. found that the G allele of the SNV rs7895833 was associated with an increased risk of dyslipidemia in a Brazilian geriatric population (Casarotto et al., 2019). In our study, obese subjects carrying the G allele of SNV rs7895833 presented higher lipid levels when assessed in both sex. Notably, overweight subjects carrying the SIRT1 SNV G allele rs7895833 and subjects carrying the SIRT1 SNV G allele rs1467568 presented less lipid and clinical alterations being similar to an investigation performed in Indian and South African subjects carrying the G allele of rs1467568 and rs7895833, where no associations with clinical or biochemical parameters were found (Ramkaran et al., 2016).
In Dutch subjects carrying the G allele of rs7895833 and the A allele of rs1467568, the risk of obesity was 18% lower, and those SNVs were associated with a lower BMI (Zillikens et al., 2009). These results suggest that both SNVs could have a non-risk effect for cardiometabolic diseases, although ethnicity, BMI, age and sex could affect that relationship.
Therefore, although it is true that the functional effect that both SNVs have on the associated protein is still being investigated, the data obtained in our study indicate that the SIRT1 genetic variants could have a possible non-risk effect for dyslipidemia. A possible explanation would be that the SIRT1 protein promotes the reverse transport of cholesterol by acting on the LXRα20 receptors (which have a repressive role in processes such as thermogenesis in brown adipose tissue or cholesterol homeostasis) (Wang et al., 2008). Another possible explanation could be due to the ability of SIRT1 to regulate other anti-aging genes such as Klotho, p66Shc, and the Forkhead box proteins (FOXO1/FOXO3a), which in turn is closely related to development of obesity and other metabolic diseases and could also depend on the SNVs of the SIRT 1 gene present in the population (Martins, 2016; Martins, 2017). The SIRT1 protein exerts a deacetylation effect on those nuclear receptors in a lysine residue in position 432, resulting in a ubiquitination process and subsequent degradation; this leaves the DNA free to encode the genes for the synthesis of the ABCA1 receptor, which is a transporter that mediates the first steps of HDL cholesterol synthesis (Li et al., 2007). Although the real effect exerted by both SNVs on the SIRT1 has not been fully identified, the results obtained in this study allow us to suppose that they lead to greater activation of this protein. Also, due to limited information on the functionality of these two variants, it is difficult to conclude whether individuals carrying both uncommon alleles are associated with low or high SIRT1 activity. However, it could be speculated that these SNVs might induce higher SIRT1 activity (Zillikens et al., 2009).
Regarding the differences found in the cardiometabolic variables, the male sex presented a higher cardiometabolic risk than the female sex. This could also be explained by the protective role that female hormones play on atherosclerosis. Specifically, it has been described that estrogens modulate the atherosclerotic protective action through the signaling of the estrogen receptor alpha/SREBP-1, which is a transcription factor of genes related to lipid synthesis (Xie et al., 2022) and the potential of SREBP-1 to reduce fatty acid synthesis and enhance insulin secretion has been described in mice (Ruiz et al., 2014), Finally, current Mexican populations are genetically heterogenous as a consequence of migrations and cultural and lifestyle transitions, which contribute to the allele selection and diversity observed in Native American populations (Barquera et al., 2020). For example, one hypothesis mentions that some genes related to metabolic diseases could be the target of natural selection in humans (Rees et al., 2020), and the allelic frequencies of genetic variants such as SNVs could have been affected by the interbreeding derived from the European colonization of the American continent (Lindo et al., 2016).
In fact, García et al. performed a genome-wide scan to detect the signatures of selection in the genomes of Mexican individuals in five regions of Mexico (North, Northwest, Central, South and Southeast), finding that the selected genes were mainly related to metabolic and immunological phenotypes, and the set of these genes under selection were different in each region, highlighting the interpopulation genetic variability (Barquera et al., 2020). This could partly explain our results in the association analysis as well as the differences found in allelic and haplotypic frequencies with respect to other populations.
This study has limitations. For example, haplotype analysis was performed using a static inference method and may not fully represent the link between these genetic variants in germ cells. Therefore, further studies are needed in family groups where there is a clear distribution of genetic variants to demonstrate their LD in the Mexican population. Moreover, subsequent Mendelian randomization studies will be necessary to examine how certain environmental factors modified the outcomes observed in this genetic study to elucidate the interaction of the SIRT1 variants with the participants’ environmental factors.
Another limitation is that we did not consider other variables such as the physical activity of the participants for our analysis and due to the descriptive nature of the study; therefore, we were not able to establish a search for confounding factors that could influence the results described. However, this study also has strengths, such as the sufficient sample size for statistical power and that it is one of the few studies that explores these two genetic variants in the Mexican population.
As a perspective of this study, it is contemplated to measure the plasma levels of the SIRT1 protein, especially in patients with the GG genotype for the genetic variants of the rs7895833 and rs1467568 SIRT1, and to assess whether SIRT1 could be used as a protein marker of diagnosis in various metabolic diseases in the Mexican population. In order to understand the role that different SIRT1 genetic variants may have in the development and progression of obesity, and its metabolic comorbidities, could be used in conjunction with measuring SIRT1 protein levels as a risk marker and/or diagnosis of these pathologies (Martins, 2018).
In conclusion, carrying the GG genotype of the SIRT1 rs7895833 genetic variants in overweight subjects and rs1467568 in women could confer a possible non-risk effect against dyslipidemia.
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