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The risk of developing type 2 diabetes mellitus (T2DM) increases with existence of one of two precursor states—impaired
fasting glucose (IFG) and impaired glucose tolerance (IGT). IFG is defined as a fasting plasma glucose (FPG)
concentration of 6.1 but <7.0 mmol/L, whereas IGT is defined as an FPG concentration of <7.0 mmol/L and a 2-h post-
load plasma glucose concentration of 27.8 but <11.1 mmol/L following an oral glucose challenge . A glycated hemoglobin
Alc (HbA1c) level of 5.7-6.4% has been included in the existing American Diabetes Association (ADA)’s criteria for high
diabetes risk since 2010 .Prediabetes is broadly defined as blood glucose levels above normal but below that of diabetes .
Prediabetes is typically an umbrella term encompassing IGT, IFG as well as elevated HbAlc levels—all of which are
considered substantial risk factors for progression to overt diabetes.

Keywords: prediabetes ; diabetes mellitus ; type 2 ; hyperglycemia ; glucose intolerance ; diet therapy

| 1. Abstract

Nutritional therapy has been conventionally recommended for people with prediabetes as a method to delay or halt
progression to type 2 diabetes. However, recommended nutritional strategies evolve over time. Hence, we performed a
scoping review on recently reported nutritional interventions for individuals with prediabetes. Ovid MEDLINE, PubMed,
Embase, Scopus, CINAHL and PsycINFO databases were searched to identify relevant research articles published within
the past 10 years. Ninety-five articles involving a total of 11,211 participants were included in this review. Nutritional
strategies were broadly classified into four groups: low calorie diet, low glycemic index diet, specific foods, and a
combination of diet and exercise. The most frequently assessed outcomes were plasma glucose, serum insulin, serum
lipid profile, body mass index and body weight. More than 50% of reported interventions resulted in significant
improvements in these parameters. Nutritional interventions have demonstrated feasibility and practicality as an effective
option for prediabetes management. However, the intervention variability demonstrates the challenges of a ‘one-size-fits-
all’ approach. Investigations in genetically diverse populations and objective assessment of progression rate to diabetes
are necessary to better comprehend the impact of these nutritional strategies in prediabetes.

| 2. Nutritional Strategies

Nutritional interventions can be broadly divided into four groups: low calorie diet, low glycemic index diet, specific foods,
as well as combined diet and physical activity interventions (Figure 1).
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Figure 1. Bar graph showing the number of included studies classified according to interventions.
2.1. Low Calorie Diet

Six studies [IZIBIAIE] reported low calorie interventions in people with prediabetes, achieved either through restrictions on
all food classes or manipulation of a specific food group. Four studies reported low-calorie dietary interventions that were
achieved through restrictions on the daily intake of all food classes, with intervention durations lasting from eight weeks to
12 months. Daily energy allowances ranged from 415-1700 kcal, distributed with macronutrient compositions of 41-65%
carbohydrates, 12—43.7% protein and 13—-30% fat. The studies reported reductions in fasting blood glucose levels, which
corresponded to a decrease in insulin resistance in three of the studies. Measures of anthropometry changed
considerably after intervention, with decreases in body weight and waist circumference. Interestingly, Christensen et al.
compared a low energy diet (810 kcal/day) with a very low energy diet (415-554 kcal/day) and found that the former was
preferable owing to lower lean tissue loss and fewer side effects reported [,

A hypocaloric diet was combined with manipulation in fat intake in two studies. These interventions resulted in weight
reduction and lower insulin resistance, even in interventions as short as seven weeks El[4],

2.2. Low Glycemic Index Diet

The studies included here are those in which a low glycemic index (Gl) diet was specified by the authors or was indicated
to be taken by participants. Three studies utilized nonspecific low Gl diets as the intervention diet. Hari et al. [& and
Solomon et al.

Of the three studies with the nonspecific low Gl diet as intervention, two established that insulin sensitivity and peripheral
insulin resistance were improved and decreased respectively, whereas nonsignificant differences in insulin sensitivity
between low and high Gl diet were found in the study by Hari et al.[6IIZI8]

. Pancreatic B-cell function was successfully preserved by having a low Gl diet, ensuring effective glucose metabolism [&!,
This was further supported by Solomon et al. who found that postprandial glucose levels improved in a low Gl diet while
pancreatic B-cell function was impaired in a high Gl diet . All three studies demonstrated significant weight loss in low GI
diets [GIIZ1IE],

Alow Gl diet achieved by a combination of dairy, chicken, nuts and whole grains was contrasted against a red meat and
refined grain diet in a crossover RCT by Kim et al. [9. The former proved to be superior to the latter by demonstrating
decreased postprandial glucose, insulin and triglyceride responses.

Resistant starch (RS), a low GI carbohydrate, was investigated by two RCTs. In the Korean study by Kwak et al., rice
containing RS derived from corn starch, with 6.51g of resistant starch per serving, was served once daily for four weeks
(101, This intervention yielded significant overall improvements to glucose and insulin outcomes compared to the RS-free
placebo. However, when a RS-rich diet was compared to a diet rich in fiber in the 12-month study by Dodevska et al., the
fiber-rich diet prevailed in achieving better postprandial glycemic control 1. This RS-rich diet—consumed by subjects
under free-living conditions—consisted of plant foods proven to be good RS sources, such as cooked potatoes and
beans. Nevertheless, Dodevska et al. demonstrated that body mass index (BMI) and lipid profiles were augmented by the
RS diet L1 while Kwak et al. showed that oxidative stress was reduced, leading to better endothelial function .

2.3. Other Dietary Regimens

A monounsaturated fatty acid (MUFA)-enriched diet shown to be less proinflammatory compared to a medium-chain
saturated fatty acid (SFA) diet. Surprisingly, diets high in MUFA conferred additional benefits of diminishing hepatic fat and
improving insulin sensitivity, as a trial by Errazuriz et al. 221 demonstrated. Although this study found no short-term
advantage for high-fiber diets, others have shown clear improvements in body weight, blood glucose levels and plasma
triglycerides (1811141 | ow advanced glycation end products (L-dAGEs) showed satisfactory results in terms of lipid profile,
high-sensitivity C-reactive protein (hs-CRP) level and intima-media thickness, thereby decreasing cardiovascular risk
factors [13[16],

A low-energy breakfast 14 and four types of carbohydrates (28 were each investigated in one study and provided positive
outcomes. Improvements in glucose metabolism and insulin parameters were observed after consuming a low-energy
breakfast. Amongst the four types of carbohydrates (glucose, trehalose, sucrose, isomaltose) examined in the study by
van Can et al., sucrose demonstrated the most potential in improving glucose levels, insulin parameters and postprandial
inhibition of fat oxidation (28],

Food type and proportion may play important roles in determining health outcomes, as suggested by a nonrandomized
study by Tippens et al., where consumption of grains, dairy, meat and fat were reduced 9. This resulted in improved
serum lipid profiles and glucose-related parameters including HbAlc, insulin and hs-CRP.

Carnevale et al. 29 examined the effects of extra virgin olive oil and found significant reductions in glucose and



triglyceride levels and dipeptidyl-peptidase 4 (DPP4) activity, as well as increases in insulin and glucagon-like peptide-1
(GLP-1). When vinegar was consumed just before meals, it enhanced insulin sensitivity, insulin resistance, glucose
metabolism, lipid profile as well as muscle blood flow 221,

| 3. Conclusion

After evaluating the studies in this review, we present a few recommendations for future research. First, there was no
study regarding the effects of a solely low-fat diet that fit our inclusion criteria. Although numerous studies explored these
practices within the general diabetes theme [22, only a small number of low-carbohydrate diets as well as meal patterns
were investigated in the prediabetic population. Hence, this represents an important knowledge gap that future
researchers are encouraged to fill by designing studies incorporating those diets as interventions, with special attention
given to prediabetes.

Genetic variations and ethnic nuances need to be considered to yield evidence for nutritional interventions that are valid,
reliable and generalizable. Certain regions of the world that are culturally rich and genetically diverse such as Africa and
some parts of South East Asia were underrepresented in the study pool. Therefore, researchers should endeavor to
involve subjects from a variety of backgrounds in future trials. We acknowledge that low-income countries may face
various situational challenges effectively prohibiting research and development, but these should be systematically
overcome as prediabetes is increasingly recognized as an evolving global issue 23, A multinational, crowdfunded study
involving the collaboration of multiple developing countries with limited means to implement independent research can be
considered.

References

1. Polovina, S.; Mici¢, D. The influence of diet with reduction in calorie intake on metabolic syndrome parameters in obese
subjects with impaired glucose tolerance. Med. Pregl. 2010, 63, 465-469.

2. Christensen, P.; Bliddal, H.; Riecke, B.F.; Leeds, A.R.; Astrup, A.; Christensen, R. Comparison of a low-energy diet and
a very low-energy diet in sedentary obese individuals: A pragmatic randomized controlled trial. Clin. Obes. 2011, 1, 31—
40.

3. Dube, J.J.; Amati, F.; Toledo, F.G.; Stefanovic-Racic, M.; Rossi, A.; Coen, P.; Goodpaster, B.H. Effects of weight loss
and exercise on insulin resistance, and intramyocellular triacylglycerol, diacylglycerol and ceramide. Diabetologia 2011,
54, 1147-1156.

4. Noll, C.; Kunach, M.; Frisch, F.; Bouffard, L.; Dubreuil, S.; Jean-Denis, F.; Phoenix, S.; Cunnane, S.C.; Guerin, B.;
Turcotte, E.E.; et al. Seven-day caloric and saturated fat restriction increases myocardial dietary fatty acid partitioning
in impaired glucose-tolerant subjects. Diabetes 2015, 64, 3690—3699.

5. Velazquez-Lopez, L.; Gonzélez-Figueroa, E.; Medina-Bravo, P.; Pineda-Del Aguila, |.; Avila-Jiménez, L.; Ramos-
Hernandez, R.; Klunder-Klunder, M.; Escobedo-De La Pefia, J. Low calorie and carbohydrate diet: To improve the
cardiovascular risk indicators in overweight or obese adults with prediabetes. Endocrine 2013, 43, 593—-602.

6. Hari, A.; Fealy, C.; Solomon, T.P.J.; Haus, J.M.; Kelly, K.R.; Barkoukis, H.; Kirwan, J.P. Exercise-induced improvements
in glucose effectiveness are blunted by a high glycemic diet in adults with prediabetes. Acta Diabetol. 2019, 56, 211—
217.

7. Solomon, T.P.; Haus, J.M.; Kelly, K.R.; Cook, M.D.; Filion, J.; Rocco, M.; Kashyap, S.R.; Watanabe, R.M.; Barkoukis,
H.; Kirwan, J.P. A low-glycemic index diet combined with exercise reduces insulin resistance, postprandial
hyperinsulinemia, and glucose-dependent insulinotropic polypeptide responses in obese, prediabetic humans. Am. J.
Clin. Nutr. 2010, 92, 1359-1368.

8. Da Costa, T.H.M.; Da Silva, F.V.P.; Reis, C.E.G.; Casulari, L.A. Improved metabolic response after 16 weeks of calorie-
restricted low-glycaemic index diet and metformin in impaired glucose tolerance subjects. Nutr. Hosp. 2014, 29, 1081—
1087.

9. Kim, Y.; Keogh, J.B.; Clifton, P.M. Differential effects of red meat/refined grain diet and dairy/chicken/nuts/whole grain
diet on glucose, insulin and triglyceride in a randomized crossover study. Nutrients 2016, 8, 687.

10. Kwak, J.H.; Paik, J.K.; Kim, H.l.; Kim, O.Y.; Shin, D.Y.; Kim, H.J.; Lee, J.H.; Lee, J.H. Dietary treatment with rice
containing resistant starch improves markers of endothelial function with reduction of postprandial blood glucose and
oxidative stress in patients with prediabetes or newly diagnosed type 2 diabetes. Atherosclerosis 2012, 224, 457—-464.

11. Dodevska, M.S.; Sobajic, S.S.; Djordjevic, P.B.; Dimitrijevic-Sreckovic, V.S.; Spasojevic-Kalimanovska, V.V.; Djordjevic,
B.I. Effects of total fibre or resistant starch-rich diets within lifestyle intervention in obese prediabetic adults. Eur. J. Nutr.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2016, 55, 127-137.

Errazuriz, I.; Dube, S.; Slama, M.; Visentin, R.; Nayar, S.; O'Connor, H.; Cobelli, C.; Das, S.K.; Basu, A.; Kremers,
W.K.; et al. Randomized controlled trial of a MUFA or fiber-rich diet on hepatic fat in prediabetes. J. Clin. Endocrinol.
Metab. 2017, 102, 1765-1774.

Kobayakawa, A.; Suzuki, T.; lkami, T.; Saito, M.; Yabe, D.; Seino, Y. Improvement of fasting plasma glucose level after
ingesting moderate amount of dietary fiber in Japanese men with mild hyperglycemia and visceral fat obesity. J. Diet.
Suppl. 2013, 10, 129-141.

Kontogianni, M.D.; Liatis, S.; Grammatikou, S.; Perrea, D.; Katsilambros, N.; Makrilakis, K. Changes in dietary habits
and their association with metabolic markers after a non-intensive, community-based lifestyle intervention to prevent
type 2 diabetes, in Greece. The DEPLAN study. Diabetes Res. Clin. Pract. 2012, 95, 207-214.

Di Pino, A.; Currenti, W.; Urbano, F.; Mantegna, C.; Purrazzo, G.; Piro, S.; Purrello, F.; Rabuazzo, A.M. Low advanced
glycation end product diet improves the lipid and inflammatory profiles of prediabetic subjects. J. Clin. Lipidol. 2016, 10,
1098-1108.

Pietraszek, A.; Gregersen, S.; Hermansen, K. Acute effects of dietary fat on inflammatory markers and gene expression
in first-degree relatives of type 2 diabetes patients. Rev. Diabet. Stud. 2011, 8, 477-489.

Parr, E.B.; Devlin, B.L.; Pinto, S.K.; Dunstan, D.W.; Hawley, J.A. Impact of first meal size during prolonged sitting on
postprandial glycaemia in individuals with prediabetes: A randomised, crossover study. Nutrients 2018, 10, 733.

Van Can, J.G.; van Loon, L.J.; Brouns, F.; Blaak, E.E. Reduced glycaemic and insulinaemic responses following
trehalose and isomaltulose ingestion: Implications for postprandial substrate use in impaired glucose-tolerant subjects.
Br. J. Nutr. 2012, 108, 1210-1217.

Tippens, K.M.; Erlandsen, A.; Hanes, D.A.; Graybill, R.; Jackson, C.; Briley, J.; Zwickey, H. Impact of a short-term
naturopathic whole-foods-based nutrition education intervention on dietary behavior and diabetes risk markers: A pilot
study. J. Altern. Complement. Med. 2019, 25, 234-240.

Carnevale, R.; Loffredo, L.; Del Ben, M.; Angelico, F.; Nocella, C.; Petruccioli, A.; Bartimoccia, S.; Monticolo, R.; Cava,
E.; Violi, F. Extra virgin olive oil improves post-prandial glycemic and lipid profile in patients with impaired fasting
glucose. Clin. Nutr. 2017, 36, 782-787.

Mitrou, P.; Petsiou, E.; Papakonstantinou, E.; Maratou, E.; Lambadiari, V.; Dimitriadis, P.; Spanoudi, F.; Raptis, S.A,;
Dimitriadis, G. The role of acetic acid on glucose uptake and blood flow rates in the skeletal muscle in humans with
impaired glucose tolerance. Eur. J. Clin. Nutr. 2015, 69, 734-739.

Evert, A.B.; Dennison, M.; Gardner, C.D.; Garvey, W.T.; Lau, K.H.K.; MacLeod, J.; Mitri, J.; Pereira, R.F.; Rawlings, K.;
Robinson, S.; et al. Nutrition therapy for adults with diabetes or prediabetes: A consensus report. Diabetes Care 2019,
42, 731.

Hostalek, U. Global epidemiology of prediabetes—Present and future perspectives. Clin. Diabetes Endocrinol. 2019, 5,
5.

Retrieved from https://encyclopedia.pub/entry/history/show/6219



