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Introduction

Recent studies have demonstrated mixed findings regarding the intake of selenium (Se), an essential trace element for antioxidant defense and insulin metabolism regulation. Some studies have linked high Se intake to a higher risk of type 2 diabetes (T2DM), while others found protective or null associations. Se plays a dual role in that it aids pancreatic b-cell function and reduces oxidative stress, while excessive amounts disrupt redox balance and impair glucose metabolism.





Methods

The present study aimed to investigate the relationship between Se intake and markers of glucose metabolism in a cross-sectional sample of 1074 adults in Saudi Arabia with (n=213) and without (n=861) T2DM as determined by physician diagnosis. Dietary Se intake was assessed using a validated Saudi Food Frequency Questionnaire and analyzed with ESHA software. Sociodemographic, anthropometric, clinical, and lifestyle data were collected. The relationships between Se intake and the presence of a T2DM diagnosis, fasting blood glucose (FBG), fasting insulin, and Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), were assessed using multivariate linear and logistic regression analyses, adjusting for age, sex, education, income, body mass index, physical activity, smoking, medication use, and family history of T2DM.





Results

The average Se intake was lower in adults with T2DM compared to those without (20 mg/1000 kcal and 38 mg/1000 kcal, p<0.0001, respectively). Multivariate linear regression analysis demonstrated no statistically significant association between the Se intake and FBG, HOMA-IR index, and fasting insulin levels after adjustments. Multivariate logistic regression revealed a significant association between dietary Se and a diagnosis of T2DM when fully adjusted [OR 0.8 (95% CI: 0.7, 0.9, P<0.05)].





Discussion

In conclusion, our research found that Saudi adults with relatively higher Se intake had lower odds of T2DM diagnosis, while no significant relationships were found between Se intake and glycemic biomarkers. Future studies incorporating longitudinal data and serum Se levels can further clarify the relationship.
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1 Introduction

Evidence suggests that Type 2 Diabetes Mellitus (T2DM) is increasing in prevalence worldwide thus enhancing the incidence of related morbidity, mortality, and financial burden (1). Complications of T2DM such as cardiovascular disease (CVD), kidney failure and blindness affect the quality of life and increases the medical costs. At present, 537 million adults between 20–79 years have been diagnosed with T2DM globally. This number is projected to rise to 643 million by 2035 and to 783 million by 2045 (2). Furthermore, other estimates, such as those from the Global Burden of Disease study, predict that the global prevalence of diabetes could reach 1.31 billion by 2050 (3).

Saudi Arabia is not exempt from this crisis, with an estimated seven million people who are diabetic. The country has the second highest prevalence of diabetes in the Middle East and the seventh highest in the world (4). Data from the International Diabetes Federation shows that the age-standardized prevalence of diabetes in Saudi Arabia was approximately 23% in 2024, higher than the global average of 11%, and exceeding regional rates like the United Arab Emirates at 21% and Bahrain at 22% (5). The widespread prevalence of diabetes is further compounded by lifestyle and dietary transitions in the country, such as urbanization (6), adoption of sedentary behavior, and unhealthy eating habits rich in energy-dense yet nutrient-deficient foods (7, 8). Recently, studies have also explored the relationship between specific nutrients and T2DM which have produced significant results (9, 10).

Selenium (Se) is an essential trace element that has been associated with T2DM and glucose metabolism through several mechanisms. As an essential trace element, Se is a component of selenoproteins and is an antioxidant that reduces the reactive oxygen species (11). Lack of Se in this process leads to oxidative stress, beta-cell damage and insulin resistance. However, Se can also cause hyperglycemia and hyperinsulinism as a result of disrupting the body’s redox system. It has been reported that the relationship between Se intake and T2DM risk follows a U-shaped curve, with both low and high levels of Se intake associated with increased risk of T2DM (12).

A meta-analysis of non-experimental studies published in 2021 revealed that the risk of T2DM was increased with higher serum Se concentrations (13). Similarly, a meta-analysis of observational studies in 2019 revealed high serum Se level was significantly associated with high risk of T2DM (14). In contrast, a systematic review of randomized controlled trials (RCTs) in 2023 revealed some benefits of Se on fasting insulin (15), while another systematic review in 2022 of observational studies showed no association between gestational diabetes and Se intake (16).

A review of recent studies following those systematic reviews have also shown contradictory findings. For example, a large study in China reported that Se supplementation at a dose of 52 μg per day increased the risk of T2DM by about 20%. However, the authors noted that population bias may have affected the results, which was considered a major limitation in this study (17). On the other hand, a cohort study that followed a Chinese sample population of 14,711 individuals for 9.2 years did not find any association between dietary Se and the incidence of T2DM (18). Furthermore, a cross-sectional study in Brazil showed no association between high Se intake of about 157 µg/day and the prevalence of T2DM (19).

One of the challenges in understanding the relationship between Se and T2DM is that Se intake can vary greatly within regions and even within the same country due to variation in soil Se content (20). Given these complexities, it is important that country-specific studies be carried out in order to determine how Se intake may be related to T2DM risk. The current study aims to investigate the relationship between Se intake and markers of glucose metabolism to understand how Se is linked to glucose regulation in adults in Saudi Arabia.




2 Materials and methods



2.1 Study design

This is a cross-sectional study investigating the relationship between Se intakes and T2DM and glucose metabolism biomarkers in adults in Saudi Arabia. The local institutional ethics committee of King Saud University approved the study (No. 22/0319/IRB).




2.2 Participants

Adults from the general population were invited by social media platforms to participate between December 2021 and December 2023. Inclusion criteria were: individuals aged ≥18 years, residing in Riyadh city during the study period, and able to provide informed consent. At the Nutrition Clinic in King Saud university, those who agreed to participate signed a consent form after being briefed about the study and data that needed to be collected. Participants were informed that they had the right to withdraw from the study at any time. A total of 1300 people were recruited, 1074 of them completed the study, and 163 were excluded because they were pregnant or lactating women, used nutritional supplements of minerals and vitamins, antihypertensive medications, corticosteroid medications, antidepressant medications, hormone therapy, and had a previous history of CVD, stroke, T1DM, or dyslipidemia. Furthermore, those with energy intake below 500 kcal/d and above 6,000 kcal/d were also excluded (see flow diagram, Figure 1).




Figure 1 | Flow diagram.






2.3 Data collection

Data were collected using various methods, including questionnaires, laboratory testing, and anthropometric measurements. Trained dietitians conducted interviews with each participant, collecting information on their sociodemographic characteristics, health history, and dietary habits on the same day as the recruitment. Afterwards, appointments were scheduled for the collection of blood samples. All biochemical analyses were performed during a single lab visit, and participants were provided with their results.




2.4 Sociodemographic data

Through structured questionnaires, we obtained information on sociodemographic and lifestyle variables. Sociodemographic data collected included age (continuous), sex, education level (primary, intermediate, high school, diploma degree, bachelor’s degree, postgraduate), and income (classified according to the standards defined by the Saudi General Authority for Statistics). Self-reported smoking status (yes/no) was also collected as part of the questionnaire.

We assessed physical activity using the Arabic version of the Global Physical Activity Questionnaire (GPAQ) (21). GPAQ is categorized into four categories: occupational physical activity, transport-related physical activity, physical activity during discretionary or leisure time, and sedentary behavior. GPAQ incorporates physical activity elements such as intensity, duration, and frequency based on the total Metabolic Equivalent of Task (MET) minutes per week. Physical activity was categorized as high (engaging in vigorous-intensity activity on at least 3 days, accumulating a minimum of 1500 MET minutes per week; or 7 or more days of any combination of walking, moderate- or vigorous-intensity activities, achieving at least 3,000 MET minutes per week), moderate (participating in 5 or more days of moderate-intensity activity or walking, totaling at least 600 MET minutes per week; or 5 or more days of any combination of walking, moderate- or vigorous-intensity activities, achieving a minimum of 600 MET minutes per week), or low (not meeting the criteria for either high or moderate levels of physical activity).




2.5 Dietary data

Dietary Se intake was evaluated using the Saudi Food Frequency Questionnaire (FFQ) (22). The Saudi FFQ was created based on the United States (US) semi-quantitative FFQ (23), translated into Arabic by the Saudi Food and Drug Administration, and modified to include foods and beverages commonly consumed in traditional Saudi cuisine. The Saudi FFQ includes a list of 133 items, and participants are asked to recall the frequency with which they consumed each item over the past year.

Furthermore, to evaluate the validity of the FFQ, two non-consecutive 24-hour dietary recalls were also collected from all participants (24). The first recall was collected on the recruitment day, and the second by phone two weeks later. The average Se intake from the 24-hour dietary recalls was compared with the intake reported by the FFQ. Pearson correlation coefficients showed a strong positive correlation between Se intake estimated by the FFQ and the average intake from the recalls (r = 0.68, p < 0.001), indicating good relative validity of the FFQ for assessing habitual Se intake.

Due to the absence of a comprehensive national food composition database for Saudi Arabia, the US Department of Agriculture (USDA) Food and Nutrient Database was used as the most practical and regionally applicable source available. The Se content of traditional Saudi foods and beverages in the FFQ was determined either through matching each food item to its USDA Food and Nutrient Database counterpart or by disaggregating complex dishes into their main ingredients. Each ingredient was then matched to a corresponding entry in the USDA database, and the Se content was calculated based on standard recipes and portion sizes (25). This approach enabled us to achieve the most accurate Se content estimation possible despite the absence of a national food composition table for Saudi Arabia. We analyzed the FFQ using the Elizabeth Stewart Hands and Associates (ESHA) food analysis software (version 11.1) and the USDA Food and Nutrient Database. All sources of Se intake were combined and standardized per 1000 kcal of energy.




2.6 Anthropometric measurements

The anthropometric measurements, including body weight and height were taken by a trained dietitian. The average of two measurements was used for the final analysis. Weight and height were assessed without heavy clothes and shoes. Weight was obtained using Bioelectrical Impedance Analysis (BIA) (Body Composition Analyzer; In Body 570, Seoul, South Korea). Height was measured using a digital stadiometer (Seca 274, Hamburg, Germany). Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters (kg/m2).

Medical history was collected including self-reported family history of T2DM (yes/no) and a prior T2DM diagnosis (yes/no). Participants were divided into those with T2DM (n=213) and those without T2DM (n=861). Participants with T2DM were defined as those who reported being diagnosed with T2DM by a physician and showed proof of diagnosis, such as medical records or a prescription.

Blood samples were collected from participants at the labs of King Saud University. Fasting blood glucose (FBG) levels (8–10 hours) were measured using citrate-based tubes, which are recognized for their effectiveness in immediately inhibiting glycolysis, thereby ensuring the accuracy and reliability of glucose measurements. Plasma and serum were collected by centrifuging the whole blood at 1,200 x g for 15 minutes and were immediately stored at -80°C. Fasting plasma insulin levels were measured using an Enzyme-Linked Immunosorbent Assay (ELISA), which provides high sensitivity and specificity for insulin quantification. Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) index was calculated by multiplying the fasting plasma insulin level (measured in milliunits per liter) by FBG (measured in millimoles per liter), and then dividing the result by 22.5 (26).




2.7 Statistical analysis

Continuous and categorical data were expressed in terms of mean ± standard deviation (SD) and percentage, respectively. For skewed variables, we also reported medians and interquartile ranges (IQRs). The normality of all continuous variables was assessed using the Shapiro-Wilk test, and showed that the main variables of interest (e.g., FBG) did not significantly deviate from normal distribution. Accordingly, independent sample t-test was used to compare participant characteristics between those with and without T2DM. We used non-parametric tests like the Mann–Whitney U test whenever non-normal distribution patterns emerged.

Prior to regression analysis, we applied Spearman’s rank correlation coefficient to examine associations with FBG, insulin resistance (HOMA-IR), and fasting insulin levels. A correlation was considered statistically significant at p < 0.05. Multivariate linear regression was used to assess the association between the dietary Se and FBG, HOMA-IR index, and fasting insulin levels, while logistic regression was used to examine the association between the presence of a T2DM diagnosis and Se intake. For both regression analyses, Model 1 was adjusted for age and sex. Model 2 was adjusted for age, sex, education, income, BMI, physical activity, smoking, use of medication, and family history of T2DM. These adjustments were literature-driven, as key systematic reviews and meta-analyses have shown how factors like education, income, occupation, and health behaviors influence both Se intake and T2DM (27, 28). Effect modification by T2DM status was tested by including interaction terms between T2DM status and dietary Se intake in the multivariate linear regression models assessing associations with glucose metabolism markers (FBG, HOMA-IR, and fasting insulin). No statistically significant interactions were observed. All data were analyzed using Statistical Analysis System® (SAS 9.3) software. A p-value <0.05 was considered statistically significant, and the estimate’s precision is indicated by a 95% confidence interval (CI).





3 Results

A total of 1074 participants were included in the analysis, comprising 32% males and 68% females, with a mean age of 32.7 ± SD:11.1 years. About half (i.e., 54.8%) of the participants had a bachelor’s degree, and around a third (39.7%) had a monthly income between SAR 10,000 and 20,000 (Table 1).


Table 1 | Characteristics of the study population, overall and stratified by type-2 diabetes diagnosis (n = 1074)a.



The prevalence of T2DM in the study population was 19.8%. When comparing the baseline characteristics, family history of T2DM diagnosis (75.0% vs 10.0%, p<0.0001), HOMA-IR [2.4 (IQR 2.6) vs. 1.9 (IQR 2.1), p<0.0002], and fasting insulin [10.9 (IQR 9.7)] vs 7.5 (IQR 5.6) uIU/mL, p=0.05] were significantly higher among those with T2DM compared to those without. The median dietary Se intake was 20 (IQR=12) µg/1000 kcal, significantly lower in those with compared to those without T2DM [38 (IQR=18) µg/1000 kcal, p <0.000] (Table 1).

The correlation between dietary Se intake and FBG levels was significant (r= 0.20, p<0.05). However, no significant correlation was observed between Se intake and either HOMA-IR or fasting insulin levels (Table 2). In the multivariable linear regression analysis, after adjusting for age, sex, BMI, physical activity, and smoking status (model 2), Se intake was positively associated with FBG [0.02 (-0.11, 0.16), p > 0.05], but was not statistically significant. Similarly, Se intake was associated with higher HOMA-IR levels [(0.02 (-0.33, 0.37), p > 0.05] (Table 3).


Table 2 | Spearman correlation between dietary selenium intake and fasting blood glucose, insulin resistance (HOMA-IR), and fasting insulin levels in Saudi adults (n=1074)a.




Table 3 | Mean difference in fasting blood glucose, insulin resistance (HOMA-IR), and fasting insulin levels per 1-unit increase in dietary selenium intake (μg/1000 kcal) in Saudi adults (n=1074)a.



Logistic regression analysis further revealed a significant association between dietary Se and T2DM (OR = 0.7 (95% CI: 0.7, 0.9, p = 0.03). This association persisted even after full adjustment for confounding variables (Model 2 OR = 0.8 (95% CI: 0.7, 0.9), p = 0.04) (Table 4).


Table 4 | Adjusted odds ratios (95% CI) for type 2 diabetes per 1-unit dietary selenium intake (μg/1000 kcal) in Saudi adults (n=1074)a.






4 Discussion



4.1 Interpretation of findings

This is the first cross-sectional study conducted to investigate the relationship between dietary Se intake and T2DM, FBG, HOMA-IR, and fasting insulin in Saudi Arabia. We found that in participants without T2DM, the median dietary Se was 112 µg/day (data not shown), which is higher than the recommended total daily intake of 55–70 µg/day for adults, and higher relative to the intake observed in those with T2DM 65 µg/day (29). Higher dietary selenium intake was significantly associated with reduced odds of T2DM (OR = 0.7), and this association remained robust after adjusting for confounders (Model 2 OR = 0.8). However, there was no association between dietary Se and biomarkers of glucose metabolism in linear regression models.




4.2 Comparison with previous studies

Previous research supports the inverse relation between Se intake and T2DM. For example, an RCT conducted in Greece among middle-aged adults with T2DM showed that daily supplementation of 200 μg/d of Se significantly reduced glycemic profiles including FBG, postprandial glucose, and insulin resistance markers (e.g., HOMA-IR) (30). Another study showed that higher Se intake was associated with lower insulin resistance in 2,420 non-diabetic participants (31). However, other studies report contradictory results. However, the study conducted in China showed a positive correlation between dietary Se intake and the incidence of T2DM (17). Another cross-sectional study that assessed Se intake and T2DM among 4,106 participants showed no association between Se intake and the prevalence of T2DM (19). Furthermore, a cross-sectional study conducted among 290 women, including 140 T2DM patients and 150 controls, revealed a significant association between the risk of T2DM and both high and low dietary Se intake (32). Regarding plasma levels, a prospective cohort study conducted on 1,039 incident cases of T2DM and 1,039 controls showed that the fasting plasma samples of Se was positively associated with incident T2DM (32).

These inconsistencies likely originate from several factors, including differences in study design, Se sources used (dietary vs. supplemental), baseline Se status of participants, or specific factors unique to each population. For example, people in the US typically have higher Se levels due to the soil and diet, which may lead to Se intakes that exceed the threshold for metabolic benefits. In contrast, participants in our study may have had lower baseline levels of Se. Furthermore, the type of study affects the interpretation of results. RCTs that focus on supplements reveal different outcomes compared to observational studies assessing habitual dietary intake. In addition, factors like genetics, lifestyle, and environment may also influence Se metabolism and its effects on glucose homeostasis.




4.3 Biological plausibility

The relationship between Se intakes and T2DM is supported with biological mechanisms. For instance, a high level of the Se enzyme, specifically glutathione peroxidase, improves β-cells’ function and protects them from oxidative stress (33). Moreover, selenite treatment enhances adipocyte differentiation and function, as well as insulin receptor expression, by boosting selenoprotein glutathione peroxidase (GPx3) expression (34). Elevated GPx3 expression can decrease oxidative stress in adipose tissue, improve insulin signaling pathways, glucose uptake, and sensitivity. The reduction in oxidative stress can also decreases chronic low-grade inflammation, which is a major factor in insulin resistance. Collectively, these processes contribute to improved glycemic control, as shown by lower FBG levels and improved insulin response, leading to reduced risk of developing T2DM (34).

Despite this mechanism, the association of Se intake with T2DM remains contradictory. Our study found no statistically significant relationship between dietary Se intake and FBG, HOMA-IR, or insulin. The absence of a link between Se consumption and glycemic biomarkers implies Se’s metabolic function is context-dependent, influenced by initial Se levels and the type of Se consumed along with unidentified factors. Previous studies reported that the effects of Se show complexity because they follow a U-shaped curve where both low levels and high levels can cause harm (13). This suggests that if Se has any role in glucose metabolism, it was not detectable using the selected biomarkers in this study.

While our findings did not reveal a significant association between dietary Se and glycemic markers, it is important to consider regional studies. A study in Saudi Arabia has shown that the average Se intake is approximately 93 μg/day, with the main sources being meat, eggs, and cereals (35). Similar to our study, this intake is higher than global recommended range of 55–70 μg/day (29), which suggests higher Se intake among the Saudi population. However, it is worth noting that data linking Se intake to T2DM prevalence is limited in Saudi Arabia, highlighting the need for further localized research.




4.4 Study strengths and limitations

The study has several strengths. We used a detailed FFQ specifically for the Saudi population and extensive sociodemographic and dietary information to identify confounding variables, and validated the FFQ using two 24-hour dietary recalls. To account for differing energy intakes and requirements, we standardized the Se intakes per 1000 kcals. However, there are a number of limitations, including the cross-sectional design, which precludes causal inferences and judgments about temporality in the relationship between Se and T2DM. The diagnosis of T2DM and dietary intakes were obtained from self-reported data and thus are subject to recall bias despite active steps taken to limit this. We relied on dietary intakes rather than serum Se level. Dietary intakes are not necessarily reflective of the bioavailability of Se. The bioavailability and absorption can be influenced by several factors, including genetics (e.g., polymorphisms in selenoprotein genes), the food matrix (e.g., Se in animal-based foods is generally more bioavailable than in plant-based sources), the chemical form of Se (e.g., selenomethionine vs. selenite), and interactions with other dietary components (e.g., high fiber, phytates, or heavy metals such as mercury can reduce Se absorption). The food composition database used to assess intakes would not account for the variations in Se that occur due to soil differences, food processing methods, (e.g., milling or refining grains reduces Se content), cooking methods (e.g., boiling can leach Se from foods), and storage conditions (e.g., prolonged storage can degrade Se content in certain foods). Another limitation is the dependence on the USDA Food and Nutrient Database for Se values due to the absence of a comprehensive national food composition table for Saudi Arabia. Despite its widespread regional application, the use of the USDA Food and Nutrient Database may not accurately reflect the Se content of traditional Saudi dishes, introducing potential misclassification in nutrient estimates. Furthermore, using food data with aggregated or averaged Se contents may fail to capture the true variability in individual intakes. This can lead to potentially underestimating extremes and biasing results toward the mean, weakening the observed associations and potentially explaining the non-significant findings.

All study participants were Saudi adults; therefore, our findings cannot be generalized to other ethnic groups or people of varying ages. The participants in this study were however reflective of the general Saudi population in terms of key demographics, including income and education levels, based on national survey comparisons. Since Se intakes are often regionally specific, even within a country, the generalizability may also be limited within Saudi Arabia except to those with comparable dietary intakes. Participants were recruited from Riyadh (the Central Region), which should be considered when interpreting the findings. Finally, residual confounding and information bias are possible.





5 Conclusions

In this cross-sectional study, dietary Se intake was lower among individuals with T2DM compared to those without T2DM. However, Se intake was not significantly associated with FBG, insulin resistance, or fasting insulin. Future studies incorporating longitudinal data and serum Se levels would be valuable for examining associations with insulin resistance and glycemic control, including HbA1c, in the Saudi population. Experimental studies can be used to identify the optimal range of Se intake intended to minimize the risk of T2DM.





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 local institutional ethics committee of King Saud University approved the study (No. 22/0319/IRB). 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

WA: Funding acquisition, Supervision, Writing – review & editing. MAlh: Data curation, Investigation, Visualization, Writing – original draft. SA-M: Conceptualization, Funding acquisition, Methodology, Project administration, Writing – review & editing. MAld: Data curation, Funding acquisition, Writing – review & editing. GA: Conceptualization, Formal analysis, Funding acquisition, Methodology, Project administration, Supervision, Validation, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. We acknowledge the Ongoing Research Funding Program number (ORF-2025-559), King Saud University, Riyadh, Saudi Arabia.





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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Al Dawish, MA, Robert, AA, Braham, R, Al Hayek, AA, Al Saeed, A, Ahmed, RA, et al. Diabetes mellitus in Saudi Arabia: A review of the recent literature. Curr Diabetes Rev. (2016) 12:359–68. doi: 10.2174/1573399811666150724095130

2. Edward J Boyko, DJM, and Suvi Karuranga, LP. Phil riley pouya saeedi. In: IDF Diabetes Atlas. Brussels, Belgium: International Diabetes Federation (2021).

3. Ong, KL, Stafford, LK, McLaughlin, SA, Boyko, EJ, Vollset, SE, Smith, AE, et al. Global, regional, and national burden of diabetes from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. (2023) 402:203–34. doi: 10.1016/S0140-6736(23)01301-6

4. Centers for Disease Control and Prevention (CDC). National Diabetes Statistics Report (2022). Available online at: https://www.cdc.gov/diabetes/data/statistics-report/index.html (Accessed November  18, 2024).

5. International Diabetes Federation. IDF Diabetes Atlas. 10th edition. Brussels, Belgium: International Diabetes Federation (2021). Available at: https://diabetesatlas.org (Accessed December 9, 2024).

6. Alqunaibet, A, Herbst, Christopher, H, El-Saharty, S, and Algwizani, A. Noncommunicable Diseases in Saudi Arabia: Toward Effective Interventions for Prevention (English). International Development in Focus Washington, D.C: World Bank Group. (2021). Available at: http://documents.worldbank.org/curated/en/336261636951634235 (Accessed September 4, 20245).

7. World Health Organization (WHO). World Diabetes Day: Health Promotion and Prevention. Geneva: World Health Organization (2023). Available at: https://www.who.int/India/campaigns/world-diabetes-day (Accessed December 3, 2024).

8. World Bank. Overweight and Obesity in Saudi Arabia: Consequences and Solutions. United States: International Bank for Reconstruction and Development / The World Bank (2022).

9. Wang, S, Hu, Y, Liu, B, Li, Y, Wang, M, and Sun, Q. Lignan intake and type 2 diabetes incidence among US men and women. JAMA Network Open. (2024) 7:e2426367–e2426367. doi: 10.1001/jamanetworkopen.2024.26367

10. Wang, F, Glenn, AJ, Tessier, AJ, Mei, Z, Haslam, DE, Guasch-Ferré, M, et al. Integration of epidemiological and blood biomarker analysis links haem iron intake to increased type 2 diabetes risk. Nat Metab. (2024) 6:1807–18. doi: 10.1038/s42255-024-01109-5

11. Casanova, P, and Monleon, D. Role of selenium in type 2 diabetes, insulin resistance and insulin secretion. World J Diabetes. (2023) 14:147–58. doi: 10.4239/wjd.v14.i3.147

12. Li, F, Hong, X, Wang, H, Li, W, Chen, L, Wang, L, et al. Association of dietary selenium intake with type 2 diabetes in middle-aged and older adults in China. Nutrients. (2024) 16. doi: 10.3390/nu16142367

13. Vinceti, M, Filippini, T, Wise, LA, and Rothman, KJ. A systematic review and dose-response meta-analysis of exposure to environmental selenium and the risk of type 2 diabetes in nonexperimental studies. Environ Res. (2021) 197:111210. doi: 10.1016/j.envres.2021.111210

14. Kim, J, Chung, HS, Choi, MK, Roh, YK, Yoo, HJ, Park, JH, et al. Association between serum selenium level and the presence of diabetes mellitus: A meta-analysis of observational studies. Diabetes Metab J. (2019) 43:447–60. doi: 10.4093/dmj.2018.0123

15. Vajdi, M, Hassanizadeh, S, Gholami, Z, and Bagherniya, M. Selenium supplementation effect on glycemic control: A GRADE-assessed systematic review and dose-response meta-analysis of randomized controlled trials. Pharmacol Res. (2023) 195:106888. doi: 10.1016/j.phrs.2023.106888

16. Hamdan, HZ, Hamdan, SZ, and Adam, I. Association of selenium levels with gestational diabetes mellitus: an updated systematic review and meta-analysis. Nutrients. (2022) 14:3941. doi: 10.3390/nu14193941

17. Siddiqi, SM, Sun, C, Wu, X, Shah, I, and Mehmood, A. The correlation between dietary selenium intake and type 2 diabetes: A cross-sectional population-based study on north chinese adults. BioMed Res Int. (2020), 8058463. doi: 10.1155/2020/8058463

18. Cui, Z, Zhou, H, Liu, K, Wu, M, Li, S, Meng, S, et al. Dietary copper and selenium intakes and the risk of type 2 diabetes mellitus: findings from the China health and nutrition survey. Nutrients. (2022) 14. doi: 10.3390/nu14102055

19. Dias, JPV, Costa Sobrinho, PS, Pimenta, AM, Hermsdorff, HHM, Bressan, J, and Nobre, LN. Dietary selenium intake and type-2 diabetes: A cross-sectional population-based study on CUME project. Front Nutr. (2021) 8:678648. doi: 10.3389/fnut.2021.678648

20. Ibrahim, SAZ, Kerkadi, A, and Agouni, A. Selenium and health: an update on the situation in the middle east and North Africa. Nutrients. (2019) 11. doi: 10.3390/nu11071457

21. Alkahtani, SA. Convergent validity: agreement between accelerometry and the Global Physical Activity Questionnaire in college-age Saudi men. BMC Res Notes. (2016) 9:436. doi: 10.1186/s13104-016-2242-9

22. Alkhalaf, MM, Edwards, CA, and Combet, E. Validation of a food frequency questionnaire specific for salt intake in Saudi Arabian adults using urinary biomarker and repeated multiple pass 24-hour dietary recall. Proc Nutr Soc. (2015) 74. doi: 10.1017/s0029665115003845

23. Harvard, TH. Chan School of Public Health. (2024). Nutrition Questionnaire Service Center. Available at: https://hsph.harvard.edu/department/nutrition/nutrition-questionnaire-service-center (Accessed February 17, 2025).

24. Freedman, LS, Midthune, D, Arab, L, Prentice, RL, Subar, AF, Willett, W, et al. Combining a food frequency questionnaire with 24-hour recalls to increase the precision of estimation of usual dietary intakes-evidence from the validation studies pooling project. Am J Epidemiol. (2018) 187:2227–32. doi: 10.1093/aje/kwy126

25. Crispim, SP, Elias, VCM, Matthew-Duncan, L, Francis-Grandeson, I, Jean, F, de Quadros, VP, et al. The influence of recipe disaggregation in dietary assessment: results from the national food consumption survey in Saint Kitts and Nevis. Front Nutr. (2024) 11:1404932. doi: 10.3389/fnut.2024.1404932

26. Ha, J, Chung, ST, Springer, M, Kim, JY, Chen, P, Chhabra, A, et al. Estimating insulin sensitivity and β-cell function from the oral glucose tolerance test: validation of a new insulin sensitivity and secretion (ISS) model. Am J Physiology-Endocrinology Metab. (2024) 326:E454–71. doi: 10.1152/ajpendo.00189.2023

27. Bijlsma-Rutte, A, Rutters, F, Elders, PJM, Bot, SDM, and Nijpels, G. Socio-economic status and HbA(1c) in type 2 diabetes: A systematic review and meta-analysis. Diabetes Metab Res Rev. (2018) 34:e3008. doi: 10.1002/dmrr.3008

28. Studer, CM, Linder, M, and Pazzagli, L. A global systematic overview of socioeconomic factors associated with antidiabetic medication adherence in individuals with type 2 diabetes. J Health Popul Nutr. (2023) 42:122. doi: 10.1186/s41043-023-00459-2

29. National Institutes of Health, and Office of Dietary Supplements. Selenium Fact Sheet for Health Professionals . Available online at: https://ods.od.nih.gov/factsheets/Selenium-HealthProfessional/ (Accessed November 1, 2024).

30. Karalis, DT. The beneficiary role of selenium in type II diabetes: A longitudinal study. Cureus. (2019) 11:e6443. doi: 10.7759/cureus.6443

31. Wang, Y, Lin, M, Gao, X, Pedram, P, Du, J, Vikram, C, et al. High dietary selenium intake is associated with less insulin resistance in the Newfoundland population. PLoS One. (2017) 12:e0174149. doi: 10.1371/journal.pone.0174149

32. Behar, A, Dennouni-Medjati, N, Dali-Sahi, M, Harek, Y, Belhadj, M, Benslama, Y, et al. Dietary selenium intake and risk of type 2 diabetes in a female population of western Algeria. Nutr Clin Métabol. (2020) 34:254–8. doi: 10.1016/j.nupar.2020.04.005

33. Wang, XL, Yang, TB, Wei, J, Lei, GH, and Zeng, C. Association between serum selenium level and type 2 diabetes mellitus: a non-linear dose-response meta-analysis of observational studies. Nutr J. (2016) 15:48. doi: 10.1186/s12937-016-0169-6

34. Hauffe, R, Stein, V, Chudoba, C, Flore, T, Rath, M, Ritter, K, et al. GPx3 dysregulation impacts adipose tissue insulin receptor expression and sensitivity. JCI Insight. (2020) 5. doi: 10.1172/jci.insight.136283

35. Al-Othman, AM, Al-Othman, ZA, El-Desoky, GE, Aboul-Soud, MA, Habila, MA, and Giesy, JP. Daily intake of selenium and concentrations in blood of residents of Riyadh City, Saudi Arabia. Environ Geochem Health. (2012) 34:417–31. doi: 10.1007/s10653-011-9448-5




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.

Copyright © 2025 Alfawaz, Alharithy, AL-Musharaf, Aldhwayan and Aljuraiban. 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.


OEBPS/Images/fendo-16-1579223-g001.jpg
Assessed for ellglbnhty (n=1300)

Bligible (n= 1074)

Excluded (n=163):

* Did not complete questionnaires
and/or body measurements (n= 28)

® Pregnant or lactating women (n=4)

© Used nutritional supplements of
minerals and vitamins,
antihypertensive medications,
corticosteroid medications,
antidepressant medications,
hormone therapy (n= 14)

* Had a previous history of
cardiovascular disease, stroke,
T1DM, or dyslipidemia (n=56)

* Energy consumption below 500
kcal/d and above 6,000 kcal/d (n=
26)

* Withdrew (n= 35)

Type 2 diabetes mellitus (n= 213)
Non-type 2 diabetes mellitus (n= 861)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Selenium intake and risk of type 2 diabetes among adults in Saudi Arabia

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study design

          



          		

            2.2 Participants

          



          		

            2.3 Data collection

          



          		

            2.4 Sociodemographic data

          



          		

            2.5 Dietary data

          



          		

            2.6 Anthropometric measurements

          



          		

            2.7 Statistical analysis

          



        



        



        		

          3 Results

        



        		

          4 Discussion

        

          		

            4.1 Interpretation of findings

          



          		

            4.2 Comparison with previous studies

          



          		

            4.3 Biological plausibility

          



          		

            4.4 Study strengths and limitations

          



        



        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variable FBG HOMA-IR Fasting

(mg/dl) insulin level

Dietary 0.20 0.02 0.03
Se intake

“Correlations are statistically significant,except those ranging from —0.03 to 0.03.





OEBPS/Images/table4.jpg
Model 1 Model 2
Variable Cases/N

OR Lower 95% Cl Upper 95% Cl Pvalue OR Lower 95% Cl Upper 95% Cl P value

Diabetes * 213/861
Dietary selenium 17.3 £ 185 0.7 0.7 0.9 0.03 0.8 0.7 0.9 0.04
(/1000 keal)

“Values are presented as odds ratio (95% Cl.confidence intervals).
Model 1: Adjusted for age and gender.
Model 2: Adjusted for model 1+ education,income,body mass index,physical activitysmokinguse of insulin therapy,family history of diabetes.





OEBPS/Images/table3.jpg
Fasting blood sugar (mg/dl) HOMA-IR Fasting insulin level

Variable Mean difference Pvalue Mean difference Mean difference

(95%Cl) (95%Cl) (95%Cl)
Dietary selenium (11g/1000 kcal)

Model 1 001 (-0.12, 0.15) 023 0.02 (-0.32, 036) 030 -0.01 (-0.07, 0.07) 020

Model 2 002 (-0.11, 0.16) 025 002 (-0.33,037) 035 -0.01 (-0.08, 0.07) 022

“Values are presented as mean (95% Cl,confidence intervals).
Model 1: Adjusted for age and gender.
Model 2: Adjusted for model 1+ education,income,body mass index,physical activity,smokinguse of insulin therapy,family history of diabetes.





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2025.1579223_cover.jpg
& frontiers | Frontiers in Endocrinology

Selenium intake and risk of type 2 diabetes
among adults in Saudi Arabia





OEBPS/Images/table1.jpg
Without

Characteristics Total N=1074 T2DM N=861 With T2DM N=213
Age at recruitment (years) 327 111 317 £105 329112 0.81
Sex (%)
Males 32 268 328

044
Females 67.9 73.1 67.1

Education (%)

Primary 12 0 14
Intermediate 16 24 14
High school 189 292 17.3

032
Diploma degree 89 24 9.9
Bachelor’s degree 54.8 51.2 553
Postgraduate 144 146 143
Monthly family income (%)
Less than 5000 SR 7.6 48 8.1
Between 5000 to 10000 SR 237 17 247
Between 10000 to 20000 SR 397 487 383 0.11
Above 20000 SR 262 219 269
Other 06 0 07
Smoker (%)
No 90 87.8 90.4

06
Yes 994 122 95
Physical activity (%)
Low activity 9327 100 922

0.06
High activity 673 0 7.7
Family history of diabetes (%)
No 146 90 25

i <0.0001

Yes 854 10 75
Use of insulin therapy (%)*
No 98 100 97.7

033
Yes 19 0 22
BMI (Kg/m?) 272+62 27.3 %69 27261 026
Average energy intake (kcal/day) 3635 (1301) 3905 (850) 3249 (1670) 007
Dietary Se intake (1tg/1000 keal) 32 (16) 38 (18) 20 (12) <0.0001
FBG (mg/dl) 94.0 (15.7) 90.9 (13.1) 96.6 + 16.2 007
HOMA-IR § 2.1 (16) 19 (2.1) 24 (2.6) <0.0002
Fasting insulin level (uIU/mL) + 9.0 (8.1) 7.5(5.6) 10.9 (9.7) 005

“Values are presented as mean + standard deviation,or median (interquartile ranges) where appropriate),or %.

BMI, body mass index; HbA 1c, hemoglobin A1C; FBG, fasting plasma glucose; HDL, high density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low density
lipoprotein; NC, neck circumference; Se, selenium; TG, triglycerides; WC, waist circumference and WHR, waist-to-hip ratio.

P-values are for test of difference between group without T2DM and group with T2DM determined by t-test.

*Medication use reflects insulin therapy only. Most participants with T2DM were using oral hypoglycemic agents or managed the condition through lifestyle changes.

+tMedian (IQR).





