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Abstract

Background: Food intake has important implications for patients with type 2 diabetes.

Objective: Similarly, in other crop species, this observational study aimed to assess dietary carbohydrate (CHO) and non-starch polysaccharide (NSP) intake and examine their association with glycemic control among Saudi patients with type 2 diabetes mellitus (T2DM).

Design: We investigated dietary intake in 404 patients (207 males and 197 females) with T2DM between November 2018 and March 2019. Dietary intake was assessed by face-to-face interviews using a validated dietary questionnaire.

Results: The results revealed that dietary CHO intake (67% of energy) exceeded the recommended daily intake, and white rice (Basmati rice) was the major contributor to CHO intake. However, the dietary NSP intake was lower than recommended, and it was negatively associated with HbA1c levels.

Conclusion: This cross-sectional study showed that dietary CHO intake was high among Saudi patients with type 2 diabetes, and that their daily intake of NSPs was correlated with a lower level of HbA1c. Dietary advice should be given for patients with diabetes to reduce their intake of starchy food such as rice.
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Popular scientific summary


	The dietary intake of carbohydrate among patients with type 2 diabetes exceeded the recommendation

	The major contribution to carbohydrate intake was white rice

	The dietary intake of non-starch polysaccharides was below the recommendation

	The higher intake of non-starch polysaccharides was associated with lower HbA1c level



Lifestyle and, in particular, diet play a crucial role in the burden of chronic conditions such as type 2 diabetes mellitus (T2DM) (1). T2DM is a chronic disease that is characterized by aberrations in glucose and insulin metabolism, and aberrations are postulated to increase the risk of developing cardiovascular and other vascular complications (2). Individuals with T2DM have been the center of much research involving dietary manipulation to reduce morbidity and mortality (3). Historically, individuals with T2DM have been advised to restrict the amount of carbohydrates (CHOs) they eat and spread the total throughout the day to reduce both glucose and insulin aberrant levels and reduce complications (4).

In fact, dietary CHOs are fundamental macronutrients in terms of their capacity to influence blood glucose and insulin levels (5). However, the chemical nature of CHOs is not a reliable indicator of their physiological effects. Therefore, the term ‘glycaemic index (GI)’ was introduced, and it is an approach for classifying foods according to their physiological impact on blood glucose levels (6). The GI is a useful parameter that can be used to aid our understanding of the metabolic impact of different types of CHO-containing foods (7). In practice, the GI value is not directly related to the actual amount of CHOs content present in the food as eaten. The GI compares the blood glucose response to the specific amount of available CHOs (usually 50 g) present in a food (6). The available CHOs are usually computed by excluding non-starch polysaccharides (NSPs) from the total CHOs of a food (8, 9).

Several attempts to identify the optimal mix of macronutrients in meal plans for patients with diabetes have been addressed. However, there is no ideal distribution of macronutrient proportions for patients with diabetes (10). The Dietary Guidelines for patients with diabetes state that the adequate intake values of CHOs, fat, and protein consumption are 45–60%, 20–35%, and 15–20% of total energy intake, respectively (11, 12). NSPs are included in total CHOs, for which their recommended daily intake should be 25–38 g/day (13).

Indeed, dietary CHOs can be digested at differing rates and to different extents in the human small intestine (14). A wide range of effects on the glycemic response have been observed after the consumption of various proportions of CHOs in the form of monosaccharides, disaccharides, polysaccharides, and NSPs. In practice, a meal with sufficient dietary NSPs is likely to be absorbed more slowly and thus delay the elevation of blood glucose and insulin levels in patients with T2DM (15). The NSPs in foods consist of soluble and insoluble NSPs. Both fractions of NSPs play an important role in delaying gastric emptying and lowering the digestion and absorption of CHOs. It is evident that high NSP foods have a protective role in the development of diabetes (16). Several epidemiological studies have shown a significant association between dietary NSPs and decreased risk of diabetes (5, 17–19). Saudi Arabia is facing an epidemic of diabetes mellitus, where the prevalence of it is increasing at a considerable rate at approximately 25% among Saudi adults (20). This could be partially due to rapid changes in lifestyle and habitual eating patterns, in particular, the quantity and quality of dietary CHOs (21). A modification in the type and amount of dietary CHOs intake is known to alter the impact of dietary CHOs on the plasma glucose and insulin profiles, and this presents a useful strategy to alleviate some of the problems associated with T2DM. It is important to investigate the main source of dietary CHOs intake in relation to glycemic control among Saudi patients with diabetes. Therefore, this observational study aimed to assess the dietary available CHOs and NSP intake and examine their relationship to glycemic control among Saudi patients with T2DM.

Patients and method

A total of 404 (207 males and 197 females) Saudi patients with type 2 diabetes aged 55.27 ± 9.66 years were recruited from the primary health care center, National Guard Health Affairs, Eastern Province, Al-Ahsa, Saudi Arabia. The sample size was calculated to provide an estimation of proportion with an 80% power, 95% confidence of interval (CI), and 5% margin of error. The study was conducted between November 2018 and March 2019. Pregnant women and patients with chronic kidney and liver diseases or on medications that affect diabetic control, e.g. glucocorticoids, were excluded from this study.

Dietary macronutrient intake and NSP intake were assessed by a validated food frequency questionnaire. The questionnaire consisted of 98 food items, and it has been reviewed by an academic nutritionist, an epidemiologist, and an endocrinology consultant. Additionally, a pilot study was conducted on 20 patients with type 2 diabetes, and a modification has been applied on the revised questionnaire accordingly (22). Patients have been interviewed face to face by a well-trained dietitian. The frequency of food intakes was reported using a four-point scale (daily, weekly, monthly, and never) beside reporting the amount of each food items. The portion size was designated using food models and other demonstrations. All data of each food intakes were converted to times per day, and then the portion size of each food items per day was calculated. The daily intakes of energy, macronutrients, and NSPs were estimated for each food items using the food composition tables for Arab Gulf citizens (23).

Systolic and diastolic blood pressures (Philips, Suresigns VS2 vital signs monitor, Andover, MA, USA), height, and weight (Adam, MDW 250L scale, Brooklyn, USA) were taken at the first visit to the diabetic clinic. Body mass index (BMI) for patients was calculated. Fasting blood glucose (FBG) and random blood glucose (RBG) levels, glycated hemoglobin HbA1c, triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), and total cholesterol (TC) were retrieved from patients’ electronic medical records that were available at the time of the interview.

This cross-sectional study was approved by the Institutional Research Board (IRB, Ref. No. IRBC/0666/19), Ministry of National Guard Health Affairs. An informed written consent was obtained from each patient.

Statistical analysis

Data were analyzed using Statistical Package for Social Sciences (SPSS software, Version 21.0). Descriptive statistics were addressed through calculation of the mean and standard deviation of laboratory test results, food items, and total nutrient consumption among patients with diabetes with proportions of major nutrients for every food item. This study has used inferential statistical tests with the consideration of 5% two-tailed significance level (P value < 0.05). In addition, we measured nutrient consumption among patients with type 2 diabetes based on the recommended consumption using one sample t-test. The correlation between food items and laboratory test measures and between laboratory test measures and nutrient consumption among patients with diabetes was assessed using the Pearson correlation test.

Results

General characteristics of patients

Table 1 demonstrates the characteristics of the patients with type 2 diabetes. The mean diastolic and systolic blood pressures are within the normal range (<90 and <140 mmHg, respectively). The mean BMI was 33.79 ± 6.08 kg/m2, indicating that patients suffer from obesity. In addition, the means of HbA1c, FBG, and RBG were higher in comparison with the normal range.





Table 1.General characteristics of the patients with type 2 diabetes mellitus (n = 404, 207 males [51%] and 197 females [49%])


	Measurement
	Mean ± SD
	Reference value*





	Age (year)
	55.27 ± 9.66
	–



	Weight (kg)
	87.30 ± 16.53
	–



	Height (m)
	1.60 ± 0.09
	–



	BMI (kg/m2)
	33.79 ± 6.08
	18.5-24.9



	DBP (mmHg)
	72.57 ± 10.47
	70-90



	SBP (mmHg)
	138.66 ± 18.22
	120-140



	HbA1c (%)
	8.23 ± 1.41
	4.40-6.40



	FBG (mmol/L)
	9.72 ± 3.52
	3.90-5.60



	RBG (mmol/L)
	11.20 ± 4.21
	2.90-7.80



	TC (mmol/L)
	4.40 ± 0.91
	≤5.18



	HDL (mmol/L)
	1.04 ± 0.24
	≥1.55



	LDL (mmol/L)
	2.70 ± 0.80
	≤2.60



	TG (mmol/L)
	1.66 ± 0.93
	≤1.70


	BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; HbA1c, glycated hemoglobin; FBG, fasting blood glucose; RBG, random blood glucose; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.
 *Sources: ADA (2020) and Evert et al. (2014).





Food intake

In this study, the daily intake of grains and grain-based products reached 15.6 servings/day, which exceeded the maximum recommended daily intake of this group. The highest portion came from Basmati rice, which accounted for 9.5 servings/day (Fig. 1). Thus, Basmati rice was the main source of CHOs in patients’ daily food intake, accounting for 43.1% of the total CHOs (Table 2). Breads (white and whole grains) were second in terms of their daily consumption, which reached approximately 4.5 servings/day. Breads contributed to CHOs with 20.6% of total CHOs (Table 2).





Table 2.The daily intake of different foods and their total energy, CHOs, available CHOs, protein, fat, and NSPs among patients with type 2 diabetes (n = 404)


	Food intake
	Total CHO (%)
	Available CHO (%)
	Protein (%)
	Fat (%)
	NSPs (%)
	Energy (%)





	Fruits (fresh, canned, dried)
	13.6
	10.9
	–
	–
	41.4
	9.1



	Vegetables (fresh, cooked)
	1.6
	0.7
	–
	–
	11.1
	1.4



	Juice and carbonated drinks
	3
	3.3
	–
	–
	–
	2



	Milk and dairy products
	5.6
	6.2
	19
	24.1
	–
	11.3



	Red and white meat plus egg
	0
	0
	9.5
	12.2
	–
	3.8



	White rice (Basmati rice)
	43.1
	46.2
	33.3
	40.2
	10.5
	40.8



	Brown rice (Hassawi rice)
	0.5
	0.4
	0.4
	0.4
	0.8
	0.4



	Pasta
	2.1
	2.1
	2.1
	1
	1.9
	1.9



	Cooked whole grains (Hareecee, Jeraish, Marqooq)
	1.7
	1.6
	1.4
	1.6
	3.3
	1.6



	White bread
	9.8
	10.4
	6.6
	2.3
	3.7
	7.7



	Whole grain bread
	10.8
	10.2
	7.2
	2.5
	16.5
	8.4



	Legumes
	3.2
	2.6
	16.6
	7.5
	9.8
	5.9



	Fast food (burger, pastries, pizza)
	2.6
	2.7
	2.6
	3.6
	1
	2.9



	Confectionaries
	2
	2.2
	1.3
	4.6
	0
	2.5



	Honey
	0.4
	0.5
	–
	–
	–
	0.3



	Total
	100
	100
	100
	100
	100
	100


	CHO, carbohydrate; NSPs, non-starch polysaccharides.





Fig. 1. The daily intake of different foods (serving/day) among patients with type 2 diabetes (n = 404).
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On the other hand, the daily intake of the vegetables, milk, and meat groups was 1.08, 1.56, and 0.89 servings/day, respectively. This intake of these both groups did not meet the recommended daily intake of these groups.

It is obvious that the highest contribution to the NSPs comes from fruits with a percentage of 41.37%, followed by whole grain bread and vegetables with values of 16.44% and 11.13%, respectively (Table 2).

The contribution of CHOs to the total daily energy reached 67%, which significantly exceeded the recommended dietary allowance (P < 0.001). However, protein, fat, and NSPs (Table 3) were significantly lower than recommended (P < 0.001).





Table 3.The levels of daily intake of macronutrients and NSPs in comparison to the recommended dietary intake* of these nutrients


	Nutrients
	Mean
	P





	CHO% of energy
	67.09 ± 4.26
	<0.001



	Protein% of energy
	13.15 ± 1.94
	<0.001



	Fat% of energy
	21.41 ± 2.73
	<0.001



	NSPs g/1000 calorie
	14.87 ± 5.00
	<0.001



	*Sources: ADA (2019) and Evert et al. (2019).





Additionally, our results revealed that there was a weak positive correlation between HbA1c and the daily intake of available CHOs (r = 0.11, P < 0.05, Fig. 2A). On the other hand, dietary NSP intake was significantly associated with a lower level of HbA1c (r = -0.11, P < 0.05, Fig. 2B).

Fig. 2. The positive (A) and negative (B) correlation of HbA1c level with the daily consumed available CHOs and NSPs among patients with type 2 diabetes (r = 0.11, P = 0.01 and r = -0.11, P = 0.02, respectively).
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Discussion

Modification of the type of CHOs content in the diet is behind most health problems. The main purpose of this study was to investigate the main source of CHOs and NSPs and examine their association with HbA1c among patients with type 2 diabetes. A positive association was observed between dietary intake of CHOs and HbA1c, whereas NSPs intake was negatively correlated with HbA1c.

Our results have shown that patients had a high intake of CHOs. It seems that their intake of CHOs has exceeded the daily recommended intake of CHOs for patients with diabetes by approximately 21%. However, the daily intake of both protein and fat fell in the normal range. In fact, there is no perfect mix of macronutrients for patients with diabetes (24). However, some guidelines recommend 45–60% of total energy from CHOs, 10–20% as protein, and less than 35% from fat (11, 15).

In this study, patients’ daily consumption of vegetables, milk, and meat groups was below the recommended daily intake of these groups. However, the intake of grain and grain products exceeded the recommendation. The highest food intake in the patients’ diets was Basmati rice. In this study, Basmati rice was the main contributor to the CHOs and accounted for approximately 43% of the total CHOs. In Saudi Arabia, rice is usually cooked with vegetables and meat in a main dish, the so-called Kabsa (25). Kabsa is served mainly at lunch and is traditionally consumed at a high rate among the Saudi population. Fortunately, the estimated GI of Kabsa with Basmati rice falls in the low level, which ranges from 52 to 55. On the other hand, the calculated Glycaemic load (GL) of Basmati rice Kabsa ranged from 15 to 16, which is considered as medium value (26). This GL value would be as high as nine times for patients’ Basmati rice Kabsa intake in this study because of their high consumption. A negative correlation between BMI and the consumption of Basmati rice Kabsa was reported among Saudi population (26). However, this association has not been observed in this study. In fact, there was a positive association between the available CHO intake among patients in this study and the HbA1c level. As the Basmati rice was the main source of CHO, patients would be advised to reduce their intake of Basmati rice and in turn increase their intake of vegetables to meet the recommendations.

In this study, the sources of NSPs were identified, and it was found that fruits were first as a major source of NSPs in patients’ food intakes, followed by whole grain bread. The daily intake of NSP reached 29 ± 10 g/day, which was significantly lower than the recommended amount (13). It is evident that a significant association between a high intake of NSPs and reduced risk of developing type 2 diabetes has been documented (13, 17–18). In fact, the presence of soluble and insoluble NSPs has been shown to reduce FBG and HbA1c and increase insulin sensitivity among patients with type 2 diabetes (27–29). Interestingly, our results demonstrated that a negative correlation between HbA1c and the daily intake of NSPs was observed (r = -0.11, P < 0.05).

For fruits, the consumption reached approximately 3 servings/day, mostly dates (Rutab and Tamer). This daily intake of fruits met the recommended amount; however, the daily intake of vegetables was not satisfactory.

This study confirmed that the main source of CHOs was Basmati rice followed by breads. Despite the fact that the general consumption of confectionaries and sweetened drinks has recently increased, this study found that the contribution of these items to the total CHOs intake was very low, reaching approximately 3.3% for all sweetened drinks and 2.1% for confectionaries. This trend could be because old individuals (who make up most of our study subjects) have little desire to consume confectionaries and sweetened drinks. It is recommended to minimize the intake of rapidly available CHOs such as refined CHOs and added sugars and increase the intake of slowly available CHOs from vegetables, fruits, whole grains, and legumes (11, 30, 31).

To our knowledge, this study is the first of its kind to document the daily intake of NSPs for Saudi patients with diabetes. In fact, the daily intake of NSPs has not been officially documented for the Saudi population. It is well known that an increased intake of fruits, vegetables, and whole grains has a protective effect against chronic diseases (31).

This study has its natural limitation as a cross-sectional observational study in terms of its ability to demonstrate an association only.

Conclusion

In this cross-sectional study, it was found that the CHO proportion of food was higher than the recommendation for patients with T2DM, and the major source of their daily intake of CHOs was Basmati rice. Therefore, patients were advised to reduce their intake of Basmati rice Kabsa and increase their consumption of vegetables. A weak negative association between the daily intake of NSPs and HbA1c was observed. Dietary advice should be given to patients to reduce their daily intake of CHOs to maintain their consumption within the recommended daily intake range.

Conflict of interest and funding

The authors declare no conflicts of interest. The authors have not received any funding or benefits from industry or elsewhere to conduct this study.

Ethical approval

This study was approved by the Institutional Research Board (IRB), Ministry of National Guard Health Affairs, Saudi Arabia (Ref. No. IRBC/0666/19). All patients gave an informed written consent.

Acknowledgments

This work was supported by the Scientific Council, King Faisal University, Al-Ahsa, Saudi Arabia, which is greatly appreciated.

References


	1. 	Forouhi NG, Misra A, Mohan V, Taylor R, Yancy W. Dietary and nutritional approaches for prevention and management of type 2 diabetes. BMJ 2018; 361: k2234. doi: 10.1136/bmj.k2234

	2. 	Livesey G, Taylor R, Livesey HF, Buyken AE, Jenkins DJ, Augustin LS, et al. Dietary glycaemic index and load and the risk of type 2 diabetes: a systematic review and updated meta-analyses of prospective cohort studies. Nutrients 2019; 11(6): 1280. doi: 10.3390/nu11061280

	3. 	Jaacks LM, Siegel KR, Gujral UP, Narayan KM. Type 2 diabetes: a 21st century epidemic. Best Prcact Res Clin Endocrinol Metab 2016; 30(3): 331–43. doi: 10.1016/j.beem.2016.05.003

	4. 	International Diabetes Federation (IDF). IDF diabetes atlas. 9th ed. IDF; 2019. Available from: https://www.idf.org/e-library/epidemiology-research/diabetes-atlas [cited 2020 Sep 13]

	5. 	Meyer KA, Kushi LH, Jacobs DR, Slavin JJ, Sellers TA, Folsom AR. Carbohydrates, dietary fiber, and incident type 2 diabetes in older women. Am J Clin Nutr 2000; 71: 921–30. doi: 10.1093/ajcn/71.4.921

	6. 	Wolever TM, Brand-Miller J, Abernethy J, Astrup A, Atkinson F, Axelsen M, et al. Measuring the glycemic index of foods: interlaboratory study. Am J Clin Nutr 2008; 87: 247S–57S.

	7. 	Zhang G, Hamaker BR. Slowly digestible starch: concept, mechanism, and proposed extended glycemic index. Crit Rev Food Sci Nutr 2009; 49: 852–67. doi: 10.1080/10408390903372466

	8. 	Brouns F, Bjorck I, Frayn KN, Gibbs AL, Lang V, Slama G, Wolever TMS. Glycaemic index methodology. Nutr Res Rev 2005; 18: 145–71. doi: 10.1079/NRR2005100

	9. 	Monro J. Redefining the glycemic index for dietary management of postprandial glycemia. J Nutr 2003; 133: 4256–8. doi: 10.1093/jn/133.12.4256

	10. 	ADA, American Diabetes Association. Facilitating behavior change and well-being to improve health outcomes: standards of medical care in diabetes-2020. Diabetes Care 2020; 43(Suppl.1): S48–65. Available from: https://care.diabetesjournals.org/content/43/Supplement_1/S48 [cited 2020 Sep 12]

	11. 	ADA, American Diabetes Association. Lifestyle management: standards of medical care in diabetes-2019. Diabetes Care 2019; 42(Suppl. 1): S46–60. doi: 10.2337/dc19-S005

	12. 	Evert AB, Dennison M, Gardner CD, Garvey WT, Lau KHK, MacLeod J, et al. Nutrition therapy for adults with diabetes or prediabetes: a consensus report. Diabetes Care 2019; 42(5): 731–54. Available from: https://care.diabetesjournals.org/content/diacare/42/5/731.full.pdf [cited 2020 Sep 13]

	13. 	McRae MP. Dietary fiber intake and type 2 diabetes mellitus: an umbrella review of meta-analyses. J Chiropr Med 2018; 17(1): 44–53. doi: 10.1016/j.jcm.2017.11.002

	14. 	Englyst KN, Englyst HN. Carbohydrate bioavailability. Br J Nutr 2005; 94: 1–11. doi: 10.1079/BJN20051457

	15. 	Evert AB, Boucher JL, Cypress M, Dunbar SA, Franz MJ, Mayer-Davis EJ, et al. Nutrition therapy recommendations for the management of adults with diabetes. Diabetes Care 2014; 37(Suppl.1): 120S–43S. doi: 10.2337/dc14-S120

	16. 	Salmeron J, Ascherio A, Rimm EB, Colditz GA, Spieqelman D, Jenkins DJ, et al. Dietary fiber, glycemic load, and risk of NIDDM in men. Diabetes Care 1997; 20: 545–50. doi: 10.2337/diacare.20.4.545

	17. 	Schulze Mathias B, Liu S, Rimm EB, Manson JE, Willett WC, Hu FB. Glycemic index, glycemic load, and dietary fiber intake and incidence of type 2 diabetes in young and middle-aged women. Am Clin Nutr 2004; 80: 348–56. doi: 10.1093/ajcn/80.2.348

	18. 	Sluijs I, van der Schouw YT, van der AD, Spijkerman AM, Grobbee DE, Beulens JW. Carbohydrate quantity and quality and risk of type 2 diabetes in the European Prospective Investigation into Cancer and Nutrition-Netherlands (EPIC-NL) study. Am J Clin Nutr 2010; 92: 905–11. doi: 10.3945/ajcn.2010.29620

	19. 	Stevens J, Ahn K, Juhaeri, Houston D, Steffan L, Couper D. Dietary fiber intake and glycemic index and incidence of diabetes in African-American and white adults. Diabetes Care 2002; 25: 1715–21. doi: 10.2337/diacare.25.10.1715

	20. 	Robert AA, Al Dawish MA. The worrying trend of diabetes mellitus in Saudi Arabia: an urgent call to action. Curr Diabetes Rev 2020; 16(3): 204–10. doi: 10.2174/1573399815666190531093735

	21. 	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(4): 359–68. doi: 10.2174/1573399811666150724095130

	22. 	Gosadi IM, Alatar AA, Otayf MM, AlJahani DM, Ghabbani HM, AlRajban WAet al. Development of a Saudi Food Frequency Questionnaire and testing its reliability and validity. Saudi Med J 2017 Jun;38(6):636–41. doi: 10.15537/smj.2017.6.20055

	23. 	Musaiger A. Food composition tables for Kingdom of Bahrain. Manama, Bahrain: Arab Center for Nutrition; 2011. Available from: https://www.acnut.com/v/images/stories/pdf/cov1.pdf [cited 2020 Sep 17]

	24. 	ADA, American Diabetes Association. Standards of medical care in diabetes-2020. Diabetes Care 2020; 43(Suppl. 1): S1–S212. Available from: file:///Users/MQM%201/Library/Mobile%20Documents/com~apple~CloudDocs/MQM%20Folder/KFU1st-01-1432H/KFU-Research/Dates%20&%20T2DM%20at%20NGHA1440/Ref/ADA%202020%20.pdf [cited 2020 Sep 17]

	25. 	Al-Mssallem MQ. The association between the glycaemic index of some traditional Saudi foods and the prevalence of diabetes in Saudi Arabia: a review article. J Diabetes Metab 2014; 5(11): 452. doi: 10.4172/2155-6156.1000452

	26. 	Al-Mssallem MQ. Consumption of traditional Saudi foods and their estimated glycaemic index and glycaemic load. Pak J Nutr 2018; 17(11): 518–23. doi: 10.3923/pjn.2018.518.523

	27. 	Anderson JW, Baird P, Davis RH Jr, Ferreri S, Knudtson M, Koraym A, et al. Health benefits of dietary fiber. Nutr Rev 2009; 67: 188–205. doi: 10.1111/j.1753-4887.2009.00189.x

	28. 	Liese A, Schulz M, Fang F, Wolever T, D’Agostino RJ, Sparks K, et al. Dietary glycemic index and glycemic load, carbohydrate and fiber intake, and measures of insulin sensitivity, secretion, and adiposity in the Insulin Resistance Atherosclerosis Study. Diabetes Care 2005; 28: 2832–8. doi: 10.2337/diacare.28.12.2832

	29. 	Post RE, Mainous AG, King DE, Simpson KN. Dietary fiber for the treatment of type 2 diabetes mellitus: a meta-analysis. J Am Board Fam Med 2012; 25(1): 16–23. doi: 10.3122/jabfm.2012.01.110148

	30. 	Al-Mssallem MQ, Frost GS, Brown JE. The metabolic effects of two meals with the same glycaemic index but different slowly available glucose parameters determined in vitro: a pilot study. Ann Nutr Disorders Ther 2014; 1(1): 1–5.

	31. 	Medina-Remón A, Kirwan R, Lamuela-Raventós RM, Estruch R. Dietary patterns and the risk of obesity, type 2 diabetes mellitus, cardiovascular diseases, asthma, and neurodegenerative diseases. Crit Rev Food Sci Nutr 2018; 58(2): 262–96. doi: 10.1080/10408398.2016.1158690



*Muneera Q Al-Mssallem
 Department of Food Sciences and Nutrition
 College of Agriculture and Food Sciences
 King Faisal University
 P.O. Box: 420, Al-Ahsa 31982, Saudi Arabia
 Email: mmssallem@kfu.edu.sa; mmssallem@hotmail.com

OPS/FNR-64-4751-F2.jpg
*

1

2

b s

HbA, (%)

u

1

100

0

300 a0 500 00
Avallable CHOS g/day)

By W 50 & £ Bl

NSPs (g/day)





OPS/CoverDesign.jpg
155N 16546628

food & nutrition

research

Dietary carbohydrate inake in patients with type 2 diabetes
mellitus and diabetes control:  cross-sectional study
Muneera Q A-Mssallem, Ali A A-Qarni and Mohammed Al-Jamaan






OPS/FNR-64-4751-F1.jpg
Ry





