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Background/objective: The current study investigates the association between dietary insulinemic indices and Akt, PTEN, and PI3K gene expressions in visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) among individuals undergoing abdominal surgery.

Materials and methods: This cross-sectional study was conducted on 176 individuals, aged 18–84 years, who had undergone abdominal surgery. The participants were classified based on body mass index (BMI) as normal (BMI < 25 kg/m2), overweight (BMI = 25–29.9 kg/m2), and obese (BMI ≥ 30 kg/m2). The food frequency questionnaire was used to determine dietary glycemic and insulinemic indices. Real-time polymerase chain reaction was conducted for the expression of PI3K, PTEN, and Akt genes.

Results: In the final adjusted model, in normal-weight patients, there was an inverse relationship between the lifestyle with a higher insulinemic potential and the PI3K gene expression in VAT. In addition, there was an inverse association between dietary insulin load and the Akt gene expression in VAT. However, a higher glycemic index was positively associated with the PTEN gene expression in VAT. In overweight patients, a high insulinemic potential of the diet was associated with higher PTEN gene expression in VAT. In obese individuals, there were positive associations between lifestyle index for insulin resistance and hyperinsulinemia and the PI3K gene expression in VAT. Moreover, the higher insulinemic potential of diet and lifestyle was positively related to a higher expression of the PTEN and Akt genes in VAT.

Conclusion: Our findings revealed that high insulinemic lifestyles and dietary patterns may be related to the expression of PI3K, PTEN, and Akt in adipose tissues.
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Introduction

Insulin is one of the most important hormones affecting the different organs in the human body (1) and also plays a main role in energy and macronutrient metabolism (2). Insulin resistance (IR) and hyperinsulinemia are two insulin-related diseases that lead to many chronic diseases (3). Diet and physical activity are considered affective factors in insulin homeostasis and incidents of IR and hyperinsulinemia (4).

In the previous decade, many studies have been conducted to predict the amount of insulin secretion using dietary intakes. At first, glycemic index (GI) and glycemic load (GL) were developed to estimate secretion of the blood glucose after eating food items containing carbohydrates compared to reference food such as bread (5, 6). After that, Prof Jennie Brand-Miller at the University of Sydney developed the insulin index (II) and insulin load (IL) to estimate the increase in serum insulin after consuming each food item (7). In 2016, Tabung et al. developed the empirical dietary index for hyperinsulinemia (EDIH), the empirical lifestyle index for hyperinsulinemia (ELIH), the empirical dietary index for insulin resistance (EDIR), and the empirical lifestyle index for insulin resistance (ELIR) to estimate the potential of diet and lifestyle factors including physical activity and body mass index (BMI) in the IR and hyperinsulinemia among the American population (8). Mokhtari et al. validated and developed the insulinemic indices of diet and lifestyle including the lifestyle index for hyperinsulinemia (LIH), lifestyle index for insulin resistance (LIR), dietary index for hyperinsulinemia (DIH), and dietary index for insulin resistance (DIR) among Iranian adults (9). Previous studies have assessed the association between dietary insulinemic indices and chronic diseases including obesity (10), type 2 diabetes (T2D) (11), cardiometabolic disorders (12), cardiovascular diseases (13), and cancer (14). A prospective cohort study observed a positive association between EDIH and ELIH indices with the occurrence of obesity in Iranian adults (10). Another cohort study found that higher adherence to EDIR, ELIR, and ELIH scores were associated with increased diabetes risk (11). Moreover, a positive association was observed between DIR and LIR scores with cardiometabolic disorders including hypertension, metabolic syndrome (MetS), IR, and T2D (12). Teymoori et al. demonstrated that a greater adherence to the lifestyle and diet with a higher ELIR and EDIR was related to the increased risk of cardiovascular diseases and chronic heart diseases (13). Furthermore, a meta-analysis of prospective cohort studies observed a direct relationship between EDIH and the risk of cancer incidence as well as cancer mortality (14).

Once insulin binds to its receptors on the surface of adipose tissue cells, it activates the PI3K/Akt signaling pathway functions, resulting in increased glucose transporters mainly in the skeletal muscle cells and adipocytes. However, the main function of PTEN is to block the PI3K pathway by dephosphorylating phosphatidylinositol 3,4,5-trisphosphate (PIP3) to phosphatidylinositol 4,5-bisphosphate (PIP2), thus blocking the PI3K signaling cascade (15, 16). Animal and human studies indicated that hyperinsulinemia and IR could change the PI3K, PTEN, and Akt gene expressions and result in metabolic dysfunction (17, 18). Therefore, it seems that examining the relationship between the insulinemic potential of diet and the expression of the mentioned genes could help to identify the role of food patterns in mechanisms involved in the occurrence of metabolic disorders. Several studies assessed the association between feeding patterns and single food groups with the expression of these genes in humans and animals (19–23), e.g., recent studies reported that fruit and whole grains intake activates the expression of the PI3K/Akt pathway (19, 20). However, to the best of our knowledge, the association between dietary glycemic and insulinemic indices and PI3K, PTEN, and Akt gene expressions in visceral adipose tissues (VATs) and subcutaneous adipose tissues (SATs) has not been investigated, and the effect of these indices on the genes involved in the occurrence of these diseases and the pathways that are activated or deactivated by the influence of insulinogenic diet and IR induced are unclear. Therefore, in the current study, we aimed to investigate the possible association of dietary glycemic and insulinemic indices with the expression of genes involved in insulin action such as PI3K, PTEN, and Akt in VAT and SAT (due to differences in insulin sensitivity and glucose homeostasis in these two tissues) among individuals undergoing abdominal surgery.



Methods


Study population

In the current cross-sectional study, 176 adults, aged 18–84 years old, who had been admitted for elective abdominal surgery such as umbilical and inguinal hernia repair, were recruited from Mostafa Khomeini and Khatam Al-Anbia Hospitals, Tehran, Iran. The individuals were categorized by their BMI into three groups: 40 normal-weight participants (BMI < 25 kg/m2), 31 overweight participants (BMI = 25–29.9 kg/m2), and 105 obese participants (BMI ≥ 30 kg/m2). We included individuals according to the following criteria: adults with hospitalization less than 3 days, free of any diagnosed diabetes or cancer, not pregnant or lactating, without any lipid-lowering, or anti-obesity medication, and not following any special diets for at least 3 months.



Ethical statement

All participants filled out a written informed consent. This study was conducted in conformance with good clinical practice standards and was performed according to the Declaration of Helsinki 1975, as subsequent amendments. Furthermore, this study was approved by the Research Ethics Committees of the National Nutrition and Food Technology Research Institute of Iran (Approval ID: IR.SBMU.NNFTRI.REC.1403.036).



Dietary measurement

Trained interviewers collected the usual dietary intakes of participants through a face-to-face interview using a valid and reliable 168-item semi-quantitative food frequency questionnaire (FFQ) (24, 25). Interviewers asked individuals to state their frequency of intake on a daily, weekly, or monthly basis during the year before the surgery for each food item by selecting one of the following categories: never or less than once a month, 3–4 times per month, once a week, 2–4 times per week, 5–6 times per week, once daily, 2–3 times per day, 4–5 times per day, and 6 or more times a day. Portion sizes of consumed foods, reported in household measures, were then converted into grams. We used the United States Department of Agriculture’s (USDA) Food Composition Table (FCT) to compute the daily energy and nutrient intake (26). Iranian FCT was used for local food items that do not exist in the USDA FCT (27).



Calculation of dietary insulinemic indices

Dietary glycemic index and glycemic load (28): GI = [(carbohydrate content of each food item) × (number of servings/d) × (GI)]/total daily carbohydrate intake; GL = (carbohydrate content of each food item) × (number of servings/d) × (GI); For dietary insulin index and insulin load (29, 30): II = IL × 100 ÷ [∑(energy content of food (kcal/serving) × frequency of food consumption (serving/day))], and IL = ∑[Insulin index of food × energy content of food (kcal/serving) × frequency of food consumption (serving/day)] ÷ 100.

Dietary and lifestyle insulinemic indices (8, 9).

Details of the development and calculation of insulinemic indices including EDIH, EDIR, EDIH, and EDIR (8) that were introduced by Tabung et al., and also DIH, DIR, LIH, and LIR (9), which were presented by Mokhtari et al., have been described in previous studies. These insulinemic indices are computed based on two groups of food components including positive and negative determinants. The food group components and the weight of each component to the total score insulinemic indices are indicated in Supplementary Table 1.



Anthropometric and physical activity measurements

Trained dieticians used the standard demographic questionnaire to evaluate age, sex, medical history, and medication use. The body weight and height were measured, and the BMI was computed as weight (kg) divided by the square of height (m2). A reliable and validated Persian version of the International Physical Activity Questionnaire (IPAQ) was used to evaluate the physical activity during interviews, and all measurements were expressed as Metabolic Equivalents per week (METs/week) (31).



Sample collection and quantitative real-time polymerase chain reaction analysis of PI3K, PTEN, and Akt expression

During the surgery, a specialist collected 50–100 mg of VAT and SAT, added them to RNase and DNase-free microtubes, directly froze them in liquid nitrogen, and then moved them to storage at −80°C. TRIzol reagent (Invitrogen, USA) was used to extract total RNA from VAT and SAT according to the manufacturer’s protocol. The quality of extracted RNA was evaluated using a Nanodrop spectrophotometer (ND-1000, USA), and the absorption ratio (260/280 nm) was in an acceptable range. Before the synthesis of complementary DNA (cDNA) using a cDNA synthesis kit (BIOFACT, South Korea) based on the manufacturer’s recommendations, the RNA was treated with DNase I to remove traces of genomic DNA. The product was stored at −20°C for further research. The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the reference gene for normalization across samples (32, 33). Primers based on the sequences of the National Center for Biotechnology Information (NCBI) GenBank database were checked using the Genrunner Software (version 3.05). Primer sequences of PI3K, PTEN, Akt, and GAPDH were provided in Table 1. Real-time quantitative reverse transcription PCR (qRT-PCR) was conducted using a Rotor-Gene 6000 (Corbett Research, Sydney, Australia) in 20 μL volumes containing 10 μL 2X SYBR Green Master Mix (BioFact, South Korea), 1 μL of the cDNA, 7 μL RNase-free water, 1 μL forward primer, and 1 μL reverse primer.



TABLE 1 Sequences and information of primers.
[image: Table1]

For all genes, the samples were run in duplicate for inter-assay control along with GAPDH as the reference gene and the non-template control (NTC). Amplification was carried out with the following thermal cycling conditions: 5 min at 95°C for denaturation, followed by 45 cycles at 95°C for 30 s, 60°C for 30 s, and 72°C for 30 s for annealing, amplification, and quantification. The relative expression of PI3K, PTEN, and Akt in each sample was computed using the comparative threshold cycle (Ct) method based on the study conducted by Livak et al. (34) according to the following formula:


[image: image]
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All qRT-PCR laboratory procedures were written based on the MIQE guidelines.



Statistical analysis

Data analysis was conducted using SPSS, version 21 (Statistical Package for Social Sciences). We used the Kolmogorov–Smirnov test and histogram chart to assess the normality of the data. Qualitative variables were described as frequency (percentages), and quantitative variables were reported as mean ± SD or median (25–75 interquartile range). Relative mRNA expression levels were calculated for each sample separately using internal reference genes GAPDH with the formula 2−(ΔCt), where ΔCt is Ct(PI3K, PTEN, Akt) − Ct (reference genes) (34). Participants were classified into three groups based on their BMI. Differences in variables between the normal weight (BMI < 25 kg/m2), overweight (BMI = 25–29.9 kg/m2), and obese participants (BMI ≥ 30 kg/m2) were compared using the chi-square test and one-way ANOVA test for categorical and continuous variables, respectively. We normalized the data of gene expressions as dependent variables using the RNOmni (Rank Normal Transformation Omnibus Test) package in R software and then used the normalized variables for regression analyses. We used the linear regression to assess the association between the dietary insulinemic indices and the PI3K, PTEN, and Akt expression in VAT and SAT, and unstandardized β with a 95% confidence interval (CI) was reported after adjusting for age, sex, and energy intake. A p-value <0.05 was used as the statistical evaluation tool.




Results


Demographic characteristics of participants

The mean ± SD age and BMI of the participants were 41.3 ± 13.6 years and 35.6 ± 10.3 kg/m2, respectively. The majority of the study population was women, comprising 75.6%, while men constituted 24.4%. The data on the general characteristics of individuals according to BMI classification including normal weight, overweight, and obese are shown in Table 2. Based on the findings of Table 2, the individuals who were in the obese group significantly had higher scores of GL, IL, EDIH, EDIR, ELIH, ELIR, LIH, and LIR compared to those with normal BMI (p-value < 0.05); however, individuals in the obese group had a lower age, II scores, DIR score, and expression of visceral PI3K (Figure 1) gene compared to those with normal BMI (p-value < 0.05). No significant differences were observed in other variables among the three above-mentioned groups (Figures 2, 3).



TABLE 2 Demographic characteristics of the participants based on their body mass index status.*
[image: Table2]
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FIGURE 1
 Comparison of relative expression of PI3K gene in visceral (VAT) and subcutaneous adipose tissues (SAT) among normal weight (A), overweight (B), and obese patients (C). The numbers below the figure indicates the number of participants and the median (Interquartile ranges 25–75%). *p-value for VAT PI3K < 0.001.


[image: Figure 2]

FIGURE 2
 Comparison of relative expression of PTEN gene in visceral (VAT) and subcutaneous adipose tissues (SAT) among normal weight (A), overweight (B), and obese patients (C). The numbers below the figure indicates the number of participants and the median (Interquartile ranges 25–75%).


[image: Figure 3]

FIGURE 3
 Comparison of relative expression of Akt gene in visceral (VAT) and subcutaneous adipose tissues (SAT) among normal weight (A), overweight (B), and obese patients (C). The numbers below the figure indicates the number of participants and the median (Interquartile ranges 25–75%).




Insulinemic indices and genes expression in visceral adipose tissue

Table 3 indicates the relationship between different dietary insulinemic indices with the expression of PI3K, PTEN, and Akt genes in VAT among patients undergoing abdominal surgery. In normal-weight patients, there was an inverse relationship between LIH (B = −0.00; 95%CI: −0.00 to −0.00, p-value = 0.045) and LIR (B = −0.00; 95%CI: −0.00 to −0.00, p-value = 0.045) with the expression of PI3K gene. Moreover, an inverse association was observed between IL (B = −0.00; 95%CI: −0.01 to −0.00, p-value = 0.032) with the expression of the Akt gene; however, we observed a direct association between GI and the expression of PTEN (B = 0.04; 95%CI: 0.00–0.08, p-value = 0.021). Based on Table 3, in overweight patients, higher IL (B = 0.00; 95%CI: 0.00–0.01, p-value = 0.049) and DIR (B = 4.96; 95%CI: 1.96–7.95, p-value = 0.002) scores were associated with the higher expression of the PTEN gene. The association of other dietary glycemic and insulinemic indices (GI, GL, II, EDIH, EDIR, ELIH, ELIR, LIH, LIR, and DIH) with the expression of PTEN was not significant. Furthermore, no significant association was found between all dietary glycemic and insulinemic indices and the expression of PI3K and Akt genes in VAT. Table 3 also indicates that, among the obese group, there were positive associations between LIH (B = 0.00; 95%CI: 0.00–0.00, p-value = 0.045) and LIR (B = 0.00; 95%CI: 0.00–0.00, p-value = 0.045) and the expression of PI3K gene. Moreover, there was a positive association between ELIH (B = 0.13; 95%CI: 0.03–0.23, p-value = 0.009), ELIR (B = 0.09; 95%CI: 0.02–0.16, p-value = 0.012), LIH (B = 0.00; 95%CI: 0.00–0.00, p-value = 0.024), and LIR (B = 0.00; 95%CI: 0.00–0.00, p-value = 0.024) and the expression of PTEN gene. Furthermore, we observed a direct association between EDIH (B = 0.96; 95% CI: 0.16–1.75, p-value = 0.018), ELIH (B = 0.11; 95% CI: 0.01–0.21, p-value = 0.026), LIH (B = 0.00; 95% CI: 0.00–0.00, p-value = 0.047), and LIR (B = 0.00; 95% CI: 0.00–0.00, p-value = 0.047) and the expression of Akt gene.



TABLE 3 The association of dietary glycemic and insulinemic indices with expression of PI3K, PTEN, and Akt genes in visceral fat tissue of patients undergoing abdominal surgery.
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Insulinemic indices and gene expression in subcutaneous adipose tissue

The association between different dietary insulinemic indices with gene expression of PI3K, PTEN, and Akt genes in SAT among patients undergoing abdominal surgery is shown in Table 4. In the normal-weight and overweight patients, no significant association was observed between dietary glycemic and insulinemic indices and the expression of PI3K, PTEN, and Akt genes in SAT. However, in the obese group, there was a positive association between EDIH and the expression of PI3K (B = 1.39; 95% CI: 0.62–2.16, p-value = 0.001), PTEN (B = 1.05; 95% CI: 0.30–1.80, p-value = 0.006), and Akt (B = 1.05; 95% CI: 0.24–1.87, p-value = 0.012) genes. The association of other dietary glycemic and insulinemic indices with the genes mentioned above was not significant.



TABLE 4 The association of dietary glycemic and insulinemic indices with expression of PI3K, PTEN, and Akt genes in subcutaneous fat tissue of patients undergoing abdominal surgery.
[image: Table4]




Discussion

In the current study, for the first time, the association between different dietary glycemic and insulinemic indices (GI, GL, II, IL, EDIH, EDIR, ELIH, ELIR, DIH, DIR, LIH, and LIR) with the PI3K, PTEN, and Akt gene expressions in VAT and SAT in three groups of participants (normal-weight, overweight, and obese) has been investigated. In normal-weight participants, we found a positive association between dietary GI and expression of the PTEN gene; however, we observed an inverse association between LIH and LIR scores and PI3K expression as well as an inverse association between IL and expression of the Akt gene in VAT. In overweight patients, there is a positive association between IL and DIR scores and PTEN gene expression in VAT. Moreover, in obese patients, we found a positive association between ELIH, LIH, and LIR and PI3K gene expression, a positive association between ELIH, ELIR, LIH, and LIR and PTEN gene expression, and a positive association between EDIH, ELIH, LIH, and LIR and Akt gene expression in VAT. In SAT, there was a direct association between EDIH and the expression of PI3K, PTEN, and Akt genes and an inverse association between II and the expression PI3K gene among the obese group.

To the best of our knowledge, the present study is the first study to assess the association between insulinemic indices and the expression of those genes involved in insulin action such as PI3K, PTEN, and Akt. However, some studies have focused on certain aspects of diet quality on insulin metabolism or its related gene expression. Our findings on the association between dietary glycemic and insulinemic indices and PI3K, PTEN, and Akt gene expressions among participants are comparable to the results of the previously published experimental studies or observational human studies reporting that high insulinemic and glycemic potential of diet is positively associated with the expression of PI3K and Akt genes (35, 36). High-fat and calorie restriction diets as low insulinemic diets have a minor role in the stimulation of insulin from β-cells (21–23). These diets inhibit the PI3K/Akt pathway and decrease glucose transport into the cell by decreasing the glucose transporter type 4 (GLUT4) in the plasma membrane (22, 23). Other animal studies have shown a high carbohydrate diet activates the PI3K/Akt signaling pathway (36). Moreover, several studies have evaluated the association between various indices and food groups with the mentioned gene expression in both humans and animals, revealing controversial findings (19, 20, 37–39). Several animal studies indicated food groups such as high starch intake, whole grain diet, and whole grain cereal intake stimulated the expression and activation of the PI3K/Akt pathway (19, 20, 38). These results are in line with our findings among obese participants that higher insulinemic indices were related to higher expression of PI3K, Akt, and even PTEN. It seems that the insulinogenic diet among these individuals, activated the PI3K/Akt signaling to induce de novo lipogenesis by increased activation and expression of the transcription factor sterol regulatory element-binding protein-1 (SREBP1) (40). However, the increase in PTEN expression—a negative regulator of the PI3K/Akt pathway—associated with higher dietary insulinemic indices in our study of obese adults can be justified by PTEN’s role as a co-regulator of both lipid metabolism and oncogenesis (36, 41). Therefore, prolonged increases in insulin secretion lead to simultaneous activation of PTEN along with the PI3K/Akt pathway. This activation helps prevent excess fat storage and inhibits other effects of insulin that could lead to the over-proliferation of cell precursors and cancerous cells (42). Indeed, PTEN acts as a check valve to prevent aberrant growth that can potentially be caused by hyperinsulinemia (41). In line with the regulatory effects of PTEN, a previous observational study found no association between plasma glucose and insulin units administered with the expression of PTEN; however, total energy intake administered and expression of PTEN were positively correlated (43). In addition, another cross-sectional study by Kadkhoda et al. reported that the expression of PTEN was positively associated with fruit intake in VAT and SAT of obese participants (37). Although fruit intake generally has a minimal effect on insulin secretion stimulated by fructose (fruit sugar) (44), high fruit consumption in obese people may still lead to the stimulation of PTEN expression. This response helps control the insulin secretion and cellular function due to the high consumption of calories.

On the other hand, our findings in this investigation indicate an inverse association between insulinogenic and induced IR by diet (LIH and LIR) with the expression of PI3K and also between IL and Akt genes in VAT, among participants with normal weight. This inverse relationship could be due to higher serum glucose uptake by the liver, muscle tissue, and brain cells in these normal-weight subjects and there is no need to store the glucose and other macronutrient as fat storage in the VAT. In other words, less glucose is available to enter fat tissue cells and de novo lipogenesis among normal-weight participants. However, among people who are metabolically obese but of normal weight, despite their normal weight, there is evidence of reduced insulin sensitivity, increased abdominal adiposity, and a more atherogenic lipid profile (45).

The findings of the present study to a large extent indicate the mechanisms of the cellular effect of insulin through the PI3K/Akt pathway in storing excess calorie intake received by a higher insulinotropic diet as fat in the visceral tissues of overweight and obese people. Insulin binds to its receptors on the surface of adipose tissue cells and activates the insulin receptor substrates 1 and 2 (IRS-1/2). The activated PI3K by the IRS-1/2 results in the phosphorylation of PIP2 to PIP3. PIP3 increased the expression of the Akt gene and its activity to promote glucose uptake by facilitating the translocation of GLUT4 to the adipose cell membrane. Then, excessive glucose uptake is stored as fat in adipose tissue (46).

The present study had some strengths. First, it was the first study to provide valuable evidence on different dietary glycemic and insulinemic indices and their association with the expression of PI3K, PTEN, and Akt genes in adipose tissue among individuals in three BMI categories. Second, this relationship was assessed using 12 dietary glycemic and insulinemic indices, some of which were developed and validated among the Iranian population. Third, we used a validated semi-quantitative FFQ to calculate the dietary data, which minimized measurement errors. Some limitations of this research need to be mentioned. The present investigation had a cross-sectional design, so we could not show a causal association. Another limitation was that the Iranian FCT is not complete in some food items, so we had to use the USDA FCT to calculate participants’ energy intakes; however, the majority of FFQ items were common food and only for breads which were different in Iranian FCT. We reviewed all bread types in the USDA FCT and chose those most similar to the breads consumed by our population to eliminate the potential limitations due to differences in bread types. Finally, despite controlling potentially confounding variables, other possible confounders such as race, serum hormonal status, and familial genetic predispositions may still affect the relationship between dietary insulinemic indices and expression of PI3K, PTEN, and Akt genes.



Conclusion

Our findings revealed that high insulinemic dietary patterns may be related to PI3K, PTEN, and Akt expression in adipose tissue. These results were more significant and stronger in obese individuals; in this group, a positive relationship between higher scores of insulinemic indices, indicating hyperinsulinemic and induced IR by diet, and the expression of PI3K, PTEN, and Akt was found. Moreover, in overweight participants, there was a positive association between IL and DIR scores and PTEN gene expression in VAT. Furthermore, among individuals with normal weight, a hyperinsulinemic diet, defined by higher IL, LIH, and LIR scores, was associated with decreased expression of PI3K and Akt genes and increased PTEN expression in VAT.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Research Ethics Committees of National Nutrition and Food Technology Research Institute of Iran (Approval ID: IR.SBMU.NNFTRI.REC.1403.036). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

HA: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. FT: Conceptualization, Methodology, Supervision, Writing – original draft, Writing – review & editing. HF: Methodology, Supervision, Writing – original draft, Writing – review & editing. GS: Writing – original draft, Writing – review & editing. GA: Supervision, Writing – review & editing. EY: Data curation, Writing – review & editing. MZ: Conceptualization, Formal analysis, Methodology, Supervision, Writing – original draft, Writing – review & editing. PM: Supervision, Writing – original draft, Writing – review & editing. AK: Data curation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Faculty of Nutrition Sciences and Food Technology, National Nutrition and Food Technology Research Institute, Shahid Beheshti University of Medical Sciences, Tehran, Iran.



Acknowledgments

The authors express their appreciation to the participants of the study for their enthusiastic support and to the staff of the involved hospitals for their valuable help.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1467686/full#supplementary-material



References

 1. Lee, J, and Pilch, PF. The insulin receptor: structure, function, and signaling. Am J Phys. (1994) 266:C319–34. doi: 10.1152/ajpcell.1994.266.2.C319


 2. Dimitriadis, G, Mitrou, P, Lambadiari, V, Maratou, E, and Raptis, SA. Insulin effects in muscle and adipose tissue. Diabetes Res Clin Pract. (2011) 93:S52–9. doi: 10.1016/s0168-8227(11)70014-6


 3. Saha, S, and Schwarz, PE. Impact of glycated hemoglobin (Hba1c) on identifying insulin resistance among apparently healthy individuals. J Public Health. (2017) 25:505–12. doi: 10.1007/s10389-017-0805-4


 4. Isharwal, S, Misra, A, Wasir, JS, and Nigam, P. Diet & insulin resistance: a review & Asian Indian perspective. Indian J Med Res. (2009) 129:485–99.

 5. Wolever, TM, Jenkins, DJ, Jenkins, AL, and Josse, RG. The glycemic index: methodology and clinical implications. Am J Clin Nutr. (1991) 54:846–54. doi: 10.1093/ajcn/54.5.846 

 6. Jenkins, DJ, Wolever, TM, Taylor, RH, Barker, H, Fielden, H, Baldwin, JM , et al. Glycemic index of foods: a physiological basis for carbohydrate exchange. Am J Clin Nutr. (1981) 34:362–6. doi: 10.1093/ajcn/34.3.362 

 7. Bao, J, de Jong, V, Atkinson, F, Petocz, P, and Brand-Miller, JC. Food insulin index: physiologic basis for predicting insulin demand evoked by composite meals. Am J Clin Nutr. (2009) 90:986–92. doi: 10.3945/ajcn.2009.27720 

 8. Tabung, FK, Wang, W, Fung, TT, Hu, FB, Smith-Warner, SA, Chavarro, JE , et al. Development and validation of empirical indices to assess the insulinaemic potential of diet and lifestyle. Br J Nutr. (2016) 116:1787–98. doi: 10.1017/S0007114516003755 

 9. Mokhtari, E, Teymoori, F, Farhadnejad, H, Mirmiran, P, and Azizi, F. Development and validation of dietary and lifestyle Insulinemic indices among Iranian adult population. Nutr Metab. (2022) 19:5. doi: 10.1186/s12986-021-00640-6 

 10. Teymoori, F, Mokhtari, E, Kazemi Jahromi, M, Farhadnejad, H, Mirmiran, P, Vafa, M , et al. Dietary and lifestyle indices for hyperinsulinemia with the risk of obesity phenotypes: a prospective cohort study among Iranian adult population. BMC Public Health. (2022) 22:990. doi: 10.1186/s12889-022-13401-8 

 11. Farhadnejad, H, Mokhtari, E, Teymoori, F, Sohouli, MH, Moslehi, N, Mirmiran, P , et al. Association of the insulinemic potential of diet and lifestyle with risk of diabetes incident in Tehranian adults: a population based cohort study. Nutr J. (2021) 20:39. doi: 10.1186/s12937-021-00697-2 

 12. Teymoori, F, Jahromi, MK, Ahmadirad, H, Daftari, G, Mokhtari, E, Farhadnejad, H , et al. The association of dietary and lifestyle indices for insulin resistance with the risk of cardiometabolic diseases among Iranian adults. Sci Rep. (2023) 13:6224. doi: 10.1038/s41598-023-33505-4 

 13. Teymoori, F, Mokhtari, E, Farhadnejad, H, Mirmiran, P, Rad, HA, and Azizi, F. The dietary and lifestyle indices of insulin resistance are associated with increased risk of cardiovascular diseases: a prospective study among an Iranian adult population. NMCD. (2022) 32:2216–26. doi: 10.1016/j.numecd.2022.05.022 

 14. Ahmadirad, H, Teymoori, F, Nateghi, R, Shabanian, A, and Mirmiran, P. The association of empirical dietary index for hyperinsulinemia with the risk of cancer and cancer mortality: a meta-analysis of observational studies. Nutr Cancer. (2023) 75:1399–412. doi: 10.1080/01635581.2023.2189042 

 15. Khokhar, M, Roy, D, Modi, A, Agarwal, R, Yadav, D, Purohit, P , et al. Perspectives on the role of Pten in diabetic nephropathy: an update. Crit Rev Clin Lab Sci. (2020) 57:470–83. doi: 10.1080/10408363.2020.1746735 

 16. Osaki, M, Ma, O, and Ito, H. Pi3k-Akt pathway: its functions and alterations in human cancer. Apoptosis. (2004) 9:667–76. doi: 10.1023/B:APPT.0000045801.15585.dd 

 17. Wang, H, Yan, W, Sun, Y, and Yang, CS. High-fat diet-induced hyperinsulinemia promotes the development of prostate adenocarcinoma in prostate-specific Pten−/− mice. Carcinogenesis. (2022) 43:504–16. doi: 10.1093/carcin/bgac013 

 18. Lee, Y, Fluckey, JD, Chakraborty, S, and Muthuchamy, M. Hyperglycemia-and hyperinsulinemia-induced insulin resistance causes alterations in cellular bioenergetics and activation of inflammatory signaling in lymphatic muscle. FASEB J. (2017) 31:2744–59. doi: 10.1096/fj.201600887R 

 19. Lee, S, Kim, MB, Kim, C, and Hwang, JK. Whole grain cereal attenuates obesity-induced muscle atrophy by activating the Pi3k/Akt pathway in obese C57bl/6n mice. Food Sci Biotechnol. (2018) 27:159–68. doi: 10.1007/s10068-017-0277-x 

 20. Kim, C, Lee, J, Kim, MB, and Hwang, JK. Hypoglycemic effect of whole grain diet in C57bl/Ksj-Db/Db mice by activating Pi3k/Akt and Ampk pathways. Food Sci Biotechnol. (2019) 28:895–905. doi: 10.1007/s10068-018-0533-8 

 21. Han, J-W, Zhan, X-R, Li, X-Y, Xia, B, Wang, Y-Y, Zhang, J , et al. Impaired Pi3k/Akt signal pathway and hepatocellular injury in high-fat fed rats. World J Gastroenterol: WJG. (2010) 16:6111–8. doi: 10.3748/wjg.v16.i48.6111 

 22. Ferretti, R, Moura, EG, dos Santos, V, Caldeira, EJ, Conte, M, Matsumura, CY , et al. High-fat diet suppresses the positive effect of creatine supplementation on skeletal muscle function by reducing protein expression of Igf-Pi3k-Akt-Mtor pathway. PLoS One. (2018) 13:e0199728. doi: 10.1371/journal.pone.0199728 

 23. Mercken, EM, Crosby, SD, Lamming, DW, JeBailey, L, Krzysik-Walker, S, Villareal, DT , et al. Calorie restriction in humans inhibits the Pi3k/Akt pathway and induces a younger transcription profile. Aging Cell. (2013) 12:645–51. doi: 10.1111/acel.12088 

 24. Mirmiran, P, Esfahani, FH, Mehrabi, Y, Hedayati, M, and Azizi, F. Reliability and relative validity of an Ffq for nutrients in the Tehran lipid and glucose study. Public Health Nutr. (2010) 13:654–62. doi: 10.1017/s1368980009991698 

 25. Asghari, G, Rezazadeh, A, Hosseini-Esfahani, F, Mehrabi, Y, Mirmiran, P, and Azizi, F. Reliability, comparative validity and stability of dietary patterns derived from an Ffq in the Tehran lipid and glucose study. Br J Nutr. (2012) 108:1109–17. doi: 10.1017/S0007114511006313 

 26. Bowman, SA, Friday, JE, and Moshfegh, A. (2008). MyPyramid Equivalents Database, 2.0 for USDA Survey Foods, 2003-2004 [Online] Food Surveys Research Group. Beltsville Human Nutrition Research Center, Agricultural Research Service, U.S. Department of Agriculture, Beltsville, MD. Available at: http://www.ars.usda.gov/ba/bhnrc/fsrg


 27. Azar, M, and Sarkisian, E. Food composition table of Iran. Tehran: National Nutrition and Food Research Institute, Shaheed Beheshti University (1980). 65 p.


 28. Foster-Powell, K, Holt, SH, and Brand-Miller, JC. International table of glycemic index and glycemic load values: 2002. Am J Clin Nutr. (2002) 76:5–56. doi: 10.1093/ajcn/76.1.5 

 29. Holt, S, Miller, J, and Petocz, P. An insulin index of foods: the insulin demand generated by 1000-Kj portions of common foods. Am J Clin Nutr. (1997) 66:1264–76. doi: 10.1093/ajcn/66.5.1264 

 30. Nimptsch, K, Brand-Miller, JC, Franz, M, Sampson, L, Willett, WC, and Giovannucci, E. Dietary insulin index and insulin load in relation to biomarkers of glycemic control, plasma lipids, and inflammation markers. Am J Clin Nutr. (2011) 94:182–90. doi: 10.3945/ajcn.110.009555 

 31. Vasheghani-Farahani, A, Tahmasbi, M, Asheri, H, Ashraf, H, Nedjat, S, and Kordi, R. The Persian, last 7-day, long form of the international physical activity questionnaire: translation and validation study. Asian J Sports Med. (2011) 2:106–16. doi: 10.5812/asjsm.34781 

 32. Yuzbashian, E, Asghari, G, Hedayati, M, Zarkesh, M, Mirmiran, P, and Khalaj, A. Determinants of vitamin D receptor gene expression in visceral and subcutaneous adipose tissue in non-obese, obese, and morbidly obese subjects. J Steroid Biochem Mol Biol. (2019) 187:82–7. doi: 10.1016/j.jsbmb.2018.11.004 

 33. Ebrahimi, R, Bahiraee, A, Jannat Alipour, N, Toolabi, K, and Emamgholipour, S. Evaluation of the Housekeeping Genes; β‐Actin, Glyceraldehyde‐3‐Phosphate‐Dehydrogenase, and 18S rRNA for Normalization in Real‐Time Polymerase Chain Reaction Analysis of Gene Expression in Human Adipose Tissue. Arch Med Lab Sci. (2018) 4, 1–6.


 34. Livak, KJ, and Schmittgen, TD. Analysis of relative gene expression data using real-time quantitative Pcr and the 2(-Delta Delta C(T)) method. Methods. (2001) 25:402–8. doi: 10.1006/meth.2001.1262 

 35. Świderska, E, Strycharz, J, Wróblewski, A, Czarny, P, Szemraj, J, Drzewoski, J , et al. Chronic and intermittent hyperglycemia modulates expression of key molecules of Pi3k/Akt pathway in differentiating human visceral adipocytes. Int J Mol Sci. (2021) 22:7712. doi: 10.3390/ijms22147712 

 36. Palian, BM, Rohira, AD, Johnson, SA, He, L, Zheng, N, Dubeau, L , et al. Maf1 is a novel target of Pten and Pi3k signaling that negatively regulates oncogenesis and lipid metabolism. PLoS Genet. (2014) 10:e1004789. doi: 10.1371/journal.pgen.1004789 

 37. Kadkhoda, G, Zarkesh, M, Saidpour, A, Oghaz, MH, Hedayati, M, and Khalaj, A. Association of dietary intake of fruit and green vegetables with Pten and P53 Mrna gene expression in visceral and subcutaneous adipose tissues of obese and non-obese adults. Gene. (2020) 733:144353. doi: 10.1016/j.gene.2020.144353 

 38. Zhong, L, Liu, H, Zhang, H, Zhang, W, Li, M, Huang, Y , et al. High starch in diet leads to disruption of hepatic glycogen metabolism and liver fibrosis in largemouth bass (Micropterus Salmoides), which is mediated by the Pi3k/Akt signaling pathway. Front Physiol. (2022) 13:880513. doi: 10.3389/fphys.2022.880513 

 39. Su, X, Gu, D, Xu, L, Liang, Z, Luo, X, Yang, P , et al. Pi3k/Akt pathway expression in children with different obesity degrees and its relationship with glucolipid metabolism and insulin resistance. Am J Transl Res. (2021) 13:6592–8.

 40. Krycer, JR, Sharpe, LJ, Luu, W, and Brown, AJ. The Akt-Srebp nexus: cell signaling meets lipid metabolism. Trends Endocrinol Metab. (2010) 21:268–76. doi: 10.1016/j.tem.2010.01.001 

 41. Chen, C-Y, Chen, J, He, L, and Stiles, BL. Pten: tumor suppressor and metabolic regulator. Front Endocrinol. (2018) 9:338. doi: 10.3389/fendo.2018.00338


 42. Janssen, JA
. Hyperinsulinemia and its pivotal role in aging, obesity, type 2 diabetes, cardiovascular disease and Cancer. Int J Mol Sci. (2021) 22:7797. doi: 10.3390/ijms22157797 

 43. Molfino, A, Alessandri, F, Mosillo, P, Dell'Utri, D, Farcomeni, A, Amabile, MI , et al. Pten expression and its association with glucose control and calorie supplementation in critically ill patients. Clin Nutr. (2018) 37:2186–90. doi: 10.1016/j.clnu.2017.10.021 

 44. Evans, RA, Frese, M, Romero, J, Cunningham, JH, and Mills, KE. Chronic fructose substitution for glucose or sucrose in food or beverages has little effect on fasting blood glucose, insulin, or triglycerides: a systematic review and meta-analysis. Am J Clin Nutr. (2017) 106:519–29. doi: 10.3945/ajcn.116.145169 

 45. Bell, JD, Frost, G, Taylor-Robinson, SD, and Thomas, EL. Excess body fat in obese and normal-weight subjects. Nutr Res Rev. (2012) 25:150–61. doi: 10.1017/S0954422412000054


 46. Świderska, E, Strycharz, J, Wróblewski, A, Szemraj, J, Drzewoski, J, and Śliwińska, A. Role of Pi3k/Akt pathway in insulin-mediated glucose uptake. Blood Glucose Levels. (2018) 1:1–18. doi: 10.5772/intechopen.80402



Copyright
 © 2024 Ahmadirad, Teymoori, Farhadnejad, Shimi, Asghari, Yuzbashian, Zarkesh, Mirmiran and Khalaj. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		The association of dietary insulinemic indices with PI3K, PTEN, and Akt gene expressions in visceral and subcutaneous adipose tissues among individuals undergoing abdominal surgery



		Introduction



		Methods



		Study population



		Ethical statement



		Dietary measurement



		Calculation of dietary insulinemic indices



		Anthropometric and physical activity measurements



		Sample collection and quantitative real-time polymerase chain reaction analysis of PI3K, PTEN, and Akt expression



		Statistical analysis









		Results



		Demographic characteristics of participants



		Insulinemic indices and genes expression in visceral adipose tissue



		Insulinemic indices and gene expression in subcutaneous adipose tissue









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

The association of dietary
insulinemic indices with PI3K,
PTEN, and Akt gene expressions
in visceral and subcutaneous
adipose tissues among individuals
undergoing abdominal surgery












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






OPS/images/fnut-11-1467686-g003.jpg
- S

VAT Akt
Relative gene expression

|

A B c
(n=40) (n=31) (n=105)

0.38(0.05,0.78) 083 (0.10,5.26) 0.4 (0.10, 1.35)

SAT Akt
Relative gene expression

A B c
(n=40) (n=105)

0.35(009,119) 0.30(0.09,1.17) 0.29 (0.06, 1.56)





OPS/images/fnut-11-1467686-t001.jpg
Genes NCBI Ref. Tm Product size (bp)

F: CAGAACAATGCCTCCACGA
PI3K NM_006218.4 57 122
R: CACGGAGGCATTCTAAAGTC

F: AAGCTGGAAAGGGACGAACT
PTEN NM_000314.8 59 145
R: CGCCTCTGACTGGGAATAGT

F: CACTTTCGGCAAGGTGATCC
Akt NM_001382431.1 59 94
R: GTCCTTGGCCACGATGACTT

F: CTGCTCCTCCTGTTCGACAGT
GAPDH NM_001357943.2 60 100
R: CCGTTGACTCCGACCTTCAC

E, forward; R, reverse.





OPS/images/fnut-11-1467686-g001.jpg
SAT PI3K
Relative gene expression

VAT PI3K
Relative gene expression

A B c
(n=40) (n=31) (n=105)

083(008,131) 097(054,397) 074 (0.26,2.07)

A B c
(n=40)

051(0.14,1.95) 034 (0.10,1.42) 0.46 (0.10,2.33)





OPS/images/fnut-11-1467686-g002.jpg
VAT PTEN
Relative gene expression

SAT PTEN
Relative gene expression

[~

A
(n=40)

059 (0.07,2.07)

B
(n=31)

040 (0.03,3.71)

c
iy

070 (0.10,2.23)

A
(n=40)

0.56 (0.07,2.22)

B
(n=31)

0.19 (0.08, 2.32)

c
(n=108)
0.85(0.17,3.76)





OPS/images/fnut-11-1467686-t004.jpg
PI3K PTEN Akt

B (95%ClI)* p-value’ B (95%ClI)* p-value B (95%Cl)* p-value’

Normal weight (n=40)

Glycemic index 0.00 (<003 t0 0.05) 0.650 ~0.00 (~0.04 10 0.04) 0971 ~0.02 (<006 t0 0.02) 0.303
Glycemic load 0.00 (<000 to 0.01) 0.843 0.00(<0.00 to 0.00) 0855 0.00 (<0.01 10 0.00) 0.496
Insulin index ~0.01 (<0.09 10 0.06) 0.756 ~0.01 (~0.08 10 0.05) 0652 ~0.01 (~0.08 10 0.06) 0.798
Insulin load ~0.00 (<0.01 10 0.00) 0.692 ~0.00 (~0.10 10 0.00) 0540 ~0.00 (<0.01 10 0.00) 0.288
EDIH 2.04(~0.30 t0 4.38) 0.086 0.16 (~2.27 10 2.60) 0.890 ~0.82(~3.35 10 1.69) 0.507
EDIR 027(<076 t0 1.30) 0.598 ~0.38 (~134100.57) 0418 ~0.29 (<137 100.79) 0.589
ELIH 0.00 (~0.08 0 0.10) 0.849 —0.01 (=009 t0 0.06) 0783 0.00 (<0.07 10 0.09) 0.862
ELIR 0.01 (=006 t0 0.09) 0718 ~0.01 (<008 10 0.05) 0586 0.00(<0.07 10 0.07) 0.889
LIH 0.00 (<000 t0 0.00) 0.890 0.00 (~0.00 t0 0.00) 0789 0.00(<0.00 t 0.00) 0.835
LIR 0.00 (<000 t0 0.00) 0.890 0.00 (<0.00 t0 0.00) 0789 0.00(<0.00 to 0.00) 0.835
DIH 214 (~1.75 10 6.03) 0.270 ~0.67 (~4.55103.21) 0726 ~0.57 (~4.65 10 3.49) 0773
DIR 137 (-432107.07) 0.625 116 (43510 6.68) 0.669 0.24(~5.80 10 6.28) 0935

Overweight (n =31)

Glycemic index ~0.04 (<0100 0.02) 0.171 ~0.04 (<010 10 0.01) 0.124 ~0.04 (<0100 0.02) 0.185
Glycemic load ~0.00 (<0.01 10 0.00) 0.280 ~0.00 (<001 t0.0.00) 0184 ~0.00 (<001 10 0.00) 0231
Insulin index 0.03(<0.07100.14) 0519 0.05 (<005 10 0.15) 0335 0.01(=0.09 10 0.12) 0.750
Insulin load 0.00 (<0.0010 0.01) 0.902 ~0.00 (<001 t0.0.00) 0567 ~0.00 (<001 10 0.00) 0.665
EDIH ~0.06 (~1.96 to 1.83) 0.944 0.74 (=111 0 2.59) 0417 0.11 (17910 2.03) 0.900
EDIR ~0.58 (~1.88 10 0.70) 0.358 0.04(~126 10 1.35) 0948 0.12(~1.20 to 1.46) 0.844
ELIH 0.03(<0.04100.11) 0.376 0.01 (<006 10 0.09) 0.564 0.02(0.05 10 0.10) 0535
ELIR 0.01(<0.07100.09) 0.782 0.00 (<0.08 10 0.08) 0999 0.01(=0.07 10 0.09) 0.781
LIH 0.00 (<000 t0.0.00) 0.384 0.00 (<0.00 10 0.00) 0.648 0.00(<0.00 10 0.00) 0.530
LIR 0.00 (<000 t0.0.00) 0.384 0.00 (<0.00 10 0.00) 0.648 0.00 (<0.00 t0 0.00) 0.530
DIH ~2.02 (54110 1.36) 0.229 —191(~529 10 1.45) 0251 ~1.22(~472102.28) 0478
DIR —1.43 (55310 2.65) 0475 —2.22(~621101.76) 0261 ~0.27(~4.45 10 391) 0.895
Obese (n=105)

Glycemic index 0.01 (<001 t0.0.04) 0.246 0.00 (<002 10 0.02) 0953 0.01 (<001 10 0.03) 0478
Glycemic load 0.00 (<000 t0.0.00) 0.748 ~0.00 (~0.00 t0 0.00) 0.691 0.00(<0.00 to 0.00) 0.849
Insulin index ~0.04 (<0.08 10 0.00) 0.037 =001 (<005 10 0.02) 0421 ~0.03 (<007 0 0.00) 0.075
Insulin load ~0.00 (<0.00 t0 0.00) 0.594 0.00 (<000 to 0.00) 0343 ~0.00 (~0.00 10 0.00) 0.644
EDIH 139 (06210 2.16) 0.001 105 (030 t0 1.80) 0.006 105 (02410 1.87) 0.012
EDIR 031 (=005 10 0.69) 0.092 0.18 (<0.17 t0 0.54) 0313 0.22(~0.15 10 0.60) 0.246
ELIH 0.00 (<0100 0.10) 0.990 0.06 (<003 t0 0.15) 0201 ~0.17 (<0.11 0 0.08) 0.746
ELIR 0.03 (~0.04100.10) 0375 0.03 (<003 t0 0.10) 0287 0.02(0.04 0 0.10) 0478
LIH ~0.00 (<0.00 to 0.00) 0.920 0.00(~0.00 t0 0.00) 0.186 0.00(<0.00 to 0.00) 0.851
LIR ~0.00 (<0.00 to 0.00) 0.920 0.00(=0.00 to 0.00) 0.186 0.00(<0.00 t 0.00) 0.851
DIH ~1.32(-3.70t0 1.04) 0.270 ~0.16 (~243 10 2.10) 0.886 ~1.30 (~3.74 to 1.13) 0291
DIR ~1.29 (356 10 0.97) 0259 0.00(~2.18 t0 2.19) 0.998 —1.06 (~3.36 to 1.24) 0.363

DIH, dietary index for hyperinsulinemia; DIR, dietary index for insulin resistance; EDIH, empirical dietary index for hyperinsulinemia; EDIR, empirical dietary index for insulin resistance;
ELIH, empirical lfestyle index for hyperinsulinemia; ELIR, empirical lfestyle index for insulin resistance; LIH, lfestyle index for hyperinsulinemias LIR, lfestyle index for insulin resistance.
*Adjusted for age, sex, and energy intake.

**Bold values indicate statistical significance p < 0.05.





OPS/images/fnut-11-1467686-t002.jpg
Normal-weight Overweight patients (n = 31) Obese patients p-value**

patients (n = 40) (n=105)
Age(y) 4712152 198+146 370461 <0.001
Male (%) 11(275) 11(355) 21(20.0) 0.197
Physical activity (MET/h/ 1,047 (357, 2,653) 1,350 (792, 3,897) 768 (319, 1,644) 0.061
week)
Body mass index (kg/m’) 26£17 272:13 130261 <0.001
Insulinemic indices
Glycemic index 587474 581468 589469 0.887
Glycemic load 190.6+67.1 2324728 261141106 <0.001
Insulin index 573474 57145 5524486 0.022
Insulin load 24754673 296421158 333421312 0.001
EDIH 0.12(001,022) 0.08(-0.02,0.21) 0.23(0.08,038) 0.004
EDIR 057(0.39,0.74) 069(0:37,1.09) 077 (0.54,117) 0.004
ELIH 0.12(~1.49,0.74) ~0.04 (~2.48,057) 154 (059, 1.95) <0.001
ELIR 243(052,4.29) 234(0.15,3.72) 440 (3.12,627) <0.001
LIH 563 (~158.6,~123) ~73.7 (~235.7,~37.9) ~263 (~832,237) 0.004
LIR ~563 (~158.5, ~123) ~73.6(~235.6,~37.8) ~26.1 (-83.0,2.63) 0.004
DIH 007 (0.01,0.15) 0.02(-0.01,0.17) 0.02(0.00,009) 0.091
DIR ~0.02(~0.06,0.02) ~0.05 (~0.09,0.04) ~006 (~0.12, ~0.00) 0.019

DIH, dietary index for hyperinsulinemiz; DIR, dietary index for insulin resistance; EDIH, empirical dietary index for hyperinsulinemia; EDIR, empirical dietary index for insulin resistance;
ELIH, empirical lifestyle index for hyperinsulinemia; ELIR, empirical lfestyle index for insulin resistance; LIH, lfetyle index for hyperinsulinemia; LIR, lifstyle index for insulin resistance.
“Data are presented as mean (+ standard deviation) and median (25-75 interquartile range).

**Bold values indicate statistical significance p < 0.05.





OPS/images/fnut-11-1467686-t003.jpg
PI3K PTEN Akt

B (95%Cl)* p-value** B (95%Cl)* p-value** B (95%Cl)* p-value**

Normal weight (n =40)

0.00(<0.03 10 0.05) 0776 0.04(0.00 t0 0.08) 0.021 ~0.01 (=005 10 0.03) 0618
Glycemic load ~0.00 (~0.01t0.0.00) 0.604 0.00 (~0.00 t0 0.01) 0678 ~0.00 (~0.01 10 0.00) 0.203
Insulin index ~0.03 (0.1 10 0.04) 0.404 0,01 (~0.05 10 0.09) 0619 ~0.03 (<0.11 10 0.04) 0.389
Insulin load ~0.00 (~0.1410.0.00) 0.263 ~0.00 (=0.01 t00.00) 0263 ~0.00 (~0.01 to ~0.00) 0.032
EDIH 2.14(-0.42 10 4.72) 0,099 1.98(-0.47 t0 4.44) 0110 0.22 (25010 2.95) 0.867
EDIR ~0.13 (131 to 1.03) 0811 0.01 (1,00 t0 1.03) 0982 ~0.46 (~1.64 10 0.72) 0.431
ELIH ~0.08 (~0.16 0 0.00) 0.054 ~0.06 (0.14 10 0.01) 0113 ~0.05 (~0.1410 0.03) 0.221
ELIR ~0.06 (~0.13 10 0.01) 0110 ~0.03 (~0.1100.03) 0.264 ~0.04(0.11100.03) 0.306
LIH ~0.00 (~0.00 to ~0.00) 0.045 ~0.00 (=0.00 10 0.00) 0.096 —0.00 (<0.00 t0 0.00) 0213
LIR ~0.00 (~0.00 to ~0.00) 0.045 ~0.00 (~0.00 t0 0.00) 0.096 ~0.00 (~0.00 t0.0.00) 0213
DIH 0.86(~3.6510 5.37) 0.700 179 (=223 105.83) 0370 ~1.74 (=651 103.02) 0459
DIR ~181 (-8.35t0471) 0573 0.46 (~5.35106.27) 0872 —4.92 (~11.810201) 0.157
Overweight (n
Glycemic index. 0,00 (=0.05 10 0.06) 0.788 0.02(~0.03 10 0.08) 0397 ~0.00 (~0.06 10 0.06) 0.938
Glycemicload 0.00(<0.00t0 0.01) 0.646 0.00 (~0.00 t0 0.01) 0225 0.00 (0,01 t0 0.01) 0810
Insulin index 0.00(=0.09t00.10) 0.909 0.04(~0.0500.13) 0.384 ~0.00 (~0.10 10 0.10) 0.962
Insulin load 0.00(<0.00t0 0.01) 0,09 0.00 (0.00 t0 0.01) 0.049 0.00(<0.00 10 0.01) 0217
EDIH ~0.68 (~2.37 0 1.00) 0413 ~116 (-2.77 10 0.44) 0.147 ~0.62 (~2.66 10 1.42) 0533
EDIR 0.92(=0.2010 2.04) 0.104 095 (~0.14 10 2.05) 0.084 0.89 (0,37 10 2.18) 0.160
ELIH ~0.01 (~0.08 10 0.06) 0755 0.00 (~0.07 t00.07) 0990 0.01 (~0.07 10 0.09) 0.804
ELIR 0.00(~0.06 10 0.08) 05814 0.02(~0.05 10 0.09) 0.503 0,03 (~0.05100.12) 0.441
LIH ~0.00 (~0.00 t0 0.00) 0745 ~0.00 (0.00 t0 0.00) 0995 0.00(~0.00 10 0.00) 0.806
LIR ~0.00 (~0.00 to 0.00) 0745 ~0.00 (=0.00 10 0.00) 0995 0.00 (=0.00 10 0.00) 0.806
DIH 129 (~1.821t0 4.41) 0.400 ~0.20(-3.73103.32) 0.903 130 (<2.00 10 4.59) 0.421
DIR 241 (11810 6.00) 0179 4.96(1.96-7.95) 0.002 242 (~1.41106.26) 0.203
Obese (n =105)
Glycemic index 0.00(-0.02 10 0.03) 0837 ~0.00 (<0.03 10 0.02) 0959 ~0.00(<0.03 10 0.02) 0.887
Glycemicload ~0.00 (~0.00 t0.0.00) 0.905 0,00 (~0.00 t0 0.00) 0740 ~0.00 (~0.00 10 0.00) 0233
Insulin index ~0.03 (0,07 t0 0.00) 0.119 0.01(~0.02 10 0.05) 0.561 ~0.02(<0.06 10 0.01) 0.225
Insulin load ~0.00 (~0.00 t0 0.00) 0647 0.00 (~0.00 t0 0.00) 0333 ~0.00 (<0.00 t0 0.00) 0.606
EDIH 0.84(~004 10 1.73) 0.064 0.49 (0,320 1.30) 0236 0.96 (0.16 10 1.75) 0.018
EDIR 0.04(~0.33 10 0.42) 0.803 0.06(0.31 t0 0.44) 0726 0.18 (=0.18 10 0.56) 0322
ELIH 0.09(0.00100.19) 0051 0.13 (0,03 100.23) 0.009 0.11(0.01 t00.21) 0.026
ELIR 0,06 (<0.01100.13) 0.087 0.09(0.02100.16) 0.012 0.06(~0.00 10 0.14) 0.063
LH 0,00 (0.00 t0 0.00) 0.045 0.00 (0.00 t0 0.00) 0.024 0.00(0.00 t0 0.00) 0.047
LIR 0,00 (0.00 t0 0.00) 0.045 0.00 (0.0 t0 0.00) 0.024 0,00 (0.00 t0 0.00) 0.047
DIH ~0.43 (-2.92102.05) 0730 0.05(-2.33 t0 2.44) 0963 ~134(-3.80 10 112) 0.283
DIR 0.6 (~1.65 10 2.98) 0570 027 (~2.0310257) 0816 ~0.75 (=3.07 t0 1.55) 0518

DIH, dietary index for hyperinsulinemia; DIR, dietary index for insulin resistances EDIH, empirical dietary index for hyperinsulinemia; EDIR, empirical dietary index for insulin
resistance; ELIH, empirical lifestyle index for hyperinsulinemias ELIR, empirical lifestyle index for insulin resistance; LIH; lifestyle index for hyperinsulinemia; LIR, lifestyle index for
insulin resistance.

*Adjusted for age, sex, and energy intake

**ABold values indicate statistical significance p < 0.05.
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