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Abstract: A number of studies have suggested that functional foods such as tea, wheat, nuts, and 

sweet potatoes have beneficial effects on glycemic control; however, the effectiveness of consuming 

functional foods for the management of diabetes remains unclear. The aim of this review is to 

summarize the evidence for functional foods in diabetes maintenance. A PubMed and Cochrane 

Database of Systematic Reviews search utilizing the indexing terms ―functional food‖ and ―diabetes‖ 

was performed. A total of 11 randomized controlled trials (RCTs) met the criteria. Resveratrol, wheat 

albumin, ginger, and wine grape pomace flour all improved glycemic control, insulin sensitivity, 

blood pressure, and lipid profiles. On the other hand, citrus flavonoids-enriched product, arabinogalactan, 

low-fat milk, raw red onion, and functional yogurt appear to have no effects on diabetes. As for 

resveratrol, the results are controversial. Although the underlying mechanism is not clear, the differences 

in the characteristics of study participants may have an influence on the effectiveness of functional foods. 

However, the effects of functional foods on diabetes remain inconclusive due to the small number of 

subjects, short duration, and methodological heterogeneity among RCTs. In addition to the current 

evidence, further RCTs investigating the effects of functional foods on diabetic complications, mortality, 

and cost-effectiveness, as well as glycemic control, are required. 
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1. Introduction 

Previously, two systematic reviews of randomized controlled trials (RCTs) assessed the effects 

of the functional foods sweet potatoes and cinnamon on diabetes. Consumption of 4 g per day of 

sweet potato for several months may improve glycemic control (mean difference in glycosylated 

hemoglobin A1c (HbA1c): −0.3%) [1]. On the contrary, an oral preparation of cinnamon seems to 

have no favorable effects on glycemic control [2]. Evidence to support the use of functional foods for 

the control of diabetes is insufficient because the quality of the trials is poor and the risk of bias is 

high. In addition, no study has investigated the effects of functional foods on diabetic complications, 

health-related quality of life, or mortality. The effectiveness of consuming functional foods for the 

management of diabetes remains unclear. An international standard for the definition of functional 

foods does not exit. The concept of functional foods should be clarified [3]. However, functional 

foods may be defined as, ―foods that are consumed as part of the daily diet that have beneficial 

effects on health and also reduce the risk of chronic disease‖ from the viewpoint of metabolic disease 

and cardiovascular disease (CVD) [3]. Recently, the PREDIMED trial (Prevención con Dieta 

Mediterránea) has confirmed the effect of a Mediterranean diet on reducing the risk of CVD by 

approximately 30% [4]. However, the Mediterranean diet has various nutritional components, and 

their individual effects on CVD are unknown. In addition, several reviews show that consumption of 

functional foods such as fermented dairy food [5], olive oil [6], and nuts [7] has a beneficial effect on 

CVD risk factors including diabetes and obesity [8]. However, these reviews included not only 

clinical trials but also epidemiological studies; therefore, no clear conclusion has been reached on 

this issue. Table 1 shows a list of functional foods that may have a beneficial effect on diabetes. Type 

2 diabetes has become a pandemic in recent years, and it poses social, economic, and medical 

problems for the entire world. More than 415 million people are living with diabetes in the world, 

and this number is expected to increase to 642 million by 2040 [9]. Because an imbalanced diet and 

overeating favor the development of type 2 diabetes, dietary practices in daily life should be 

improved to reduce the risk of diabetes. On the other hand, as mentioned above, the effect of 

functional foods on type 2 diabetes has not been fully elucidated. Hence, the purpose of this review is 

to summarize and evaluate the evidence for control of diabetes using functional foods and to provide 

clinicians with current knowledge on the roles of functional foods in patients with type 2 diabetes. 

2. Materials and Method 

The author searched the English literature of functional foods and diabetes from the last 15 

years, from June 2001 to May 2016, using PubMed/MEDLINE and Cochrane Database of 
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Systematic Reviews. The search terms were ―functional food‖, ―diabetes‖, ―glycemic control or 

blood glucose‖, and ―randomized controlled trial‖. The search returned 63 published articles. The 

references described in these articles were also assessed. Studies were included if they met the 

following criteria: (1) Randomized controlled trials; (2) Participants’ age ≥ 18 years; (3) Study 

duration ≥ 4 weeks. The author excluded studies related to functional foods such as green tea or 

coffee, of which reviews including systematic reviews have already published (see Table 1). Studies 

of experimental animals were excluded from this review. The titles and abstracts of the identified 

articles were reviewed to determine their relevance. If study outcomes were not related to diabetes, 

the studies were excluded from this review. A total of eleven RCTs met the criteria. 

Table 1. Beneficial effects of functional foods on diabetes. 

Functional foods Functionality References 

Tea / Green tea Fasting serum insulin↓, waist circumference↓ 

Risk of coronary artery disease↓ 

[36] 

[37] 

Coffee Fasting plasma glucose↓, Insulin sensitivity↑, 

anti-inflammatory, antioxidant 

Risk of type 2 diabetes↓ 

[38] 

Whole wheat CVD risk factors↓ 

Risk of type 2 diabetes↓ 

[39] 

[40] 

Oats Postprandial glucose/insulin response↓, Fasting 

blood glucose↓,  HbA1c↓, anti-inflammatory, 

antioxidant 

[41] 

[42] 

[43] 

Nuts Incident of diabetes↓ [44] 

Soybeans No significant effects on fasting glucose, insulin, and 

HbA1c 

[45] 

Sweet potato HbA1c↓ [1] 

Cinnamon No significant effects on insulin, postprandial 

glucose, and HbA1c 

[2] 

Chocolate Risk of CVD and type 2 diabetes↓ 

Insulin resistance↓, anti-inflammatory, antioxidant 

[46] 

[47] 

Fenugreek Fasting blood glucose↓, 2 hour postprandial glucose↓ [48] 

Plant sterols 

(β-sitosterol) 

Total cholesterol↓, low-density lipoprotein 

cholesterol↓ 

[49] 

CVD = cardiovascular disease; HbA1c = hemoglobin A1c 
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3. Results and Discussion 

3.1. RCTs reporting beneficial effects of functional foods on diabetes 

The evidence regarding the effect of a single nutritional component on diabetes in humans is 

sparse. It appears that no RCTs with a large number of subjects (e.g., ≥ 100 subjects) and a long 

duration (e.g., ≥ 6 months) have been performed in patients with type 2 diabetes. However, there 

are several small scale RCTs investigating the effect of single functional foods on clinical parameters 

related to diabetes in healthy individuals or in patients with type 2 diabetes and metabolic syndrome. 

Bhatt et al. [10] investigated whether oral supplementation with resveratrol, which has been 

reported to have beneficial effects on diabetes in numerous animal studies, improved glycemic 

control in patients with type 2 diabetes. Of the 62 subjects enrolled in this trial, 57 subjects 

completed the protocol. Patients with type 1 diabetes and hepatic and renal dysfunction were 

excluded. Patients in the intervention group (n = 28) received 250 mg per day of resveratrol via 

capsule for 3 months, in addition to oral hypoglycemic agents, whereas patients in the control group 

(n = 29) received only oral hypoglycemic agents. The mean ages of patients in the intervention and 

control groups were 56.67 ± 8.91 years and 57.75 ± 8.71 years, respectively. Significant differences 

in changes in fasting blood glucose (−14.39 ± 5.05 mg/dl vs. 13.07 ± 6.34 mg/dl), HbA1c (−0.33 ± 

0.04% vs. 0.17 ± 0.10%), systolic blood pressure (−11.78 ± 0.73 mmHg vs. 7.76 ± 1.62 mmHg), 

diastolic blood pressure (−2.14 ± 0.13 mmHg vs. 7.10 ± 1.72 mmHg), total cholesterol (−14.32 ± 

5.31 mg/dl vs. 6.90 ± 0.31 mg/dl), and low-density lipoprotein cholesterol (−12.45 ± 6.95 mg/dl vs. 

7.09 ± 0.35 mg/dl) between the intervention group and the control group were found. These results 

appear at first glance to be promising, but should not be accepted without scrutiny. First, the authors 

did not describe dietary intake changes during the study period, and patients in the control group did 

not receive a placebo. Second, glycemic control seems to have been worse in the patients in the 

intervention group (HbA1c: 9.99 ± 1.50%) than in the control group (HbA1c: 8.75 ± 1.56%) at 

baseline. It is questionable whether randomization was appropriately performed and whether study 

participants were well-controlled. Nevertheless, a glucose-lowering effect of resveratrol was noted. 

The hypoglycemic effect of resveratrol may be induced by its binding effect on sulfonylurea 

receptors [11]. Resveratrol may block the adenosine triphosphate-sensitive K
+
 channels in pancreatic 

β cell and stimulate insulin secretion [12]. Resveratrol has the potential to ameliorate diabetes. 

Kodama et al. [13] examined the effects of single and long-term administration of wheat albumin on 

blood glucose levels and glycemic control. This trial consisted of two studies. One was a randomized 

crossover study for single administration of wheat albumin in normal subjects, and the other was a 

double-blinded randomized controlled study in type 2 diabetic patients. Eleven healthy male subjects 

were recruited in the first study. The mean age, body mass index (BMI), and fasting blood glucose 

levels were 41 ± 0.7 years, 23.7 ± 0.16 kg/m
2
, and 95 ± 0.7 mg/dl, respectively. The peak blood 

glucose levels in the 0.5 g and 1.0 g wheat albumin consuming groups were significantly lower 
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compared to that of the placebo group (47% and 50% lower, respectively). The AUC of blood 

glucose levels in both the 0.5 g and 1.0 g wheat albumin consuming groups were also significantly 

smaller than that of the placebo group. No differences in insulinogenic index and serum insulin 

levels after consuming the wheat albumin containing soup were observed among the groups. No 

adverse effects were reported. A total of 18 patients with type 2 diabetes were enrolled in the second 

RCT. The mean age, BMI, and HbA1c were 55.9 ± 2.23 years, 24.1 ± 0.67 kg/m
2
, and 6.8 ± 0.11%, 

respectively. The duration of diabetes was approximately 2.6 years. HbA1c levels 2 and 3 months 

after wheat albumin administration significantly decreased from baseline. The reduction was more 

apparent in patients with higher HbA1c levels (≥ 7.0%) at baseline. No differences in body weight, 

lipid profile, or liver and renal function between the placebo and wheat albumin groups were 

observed. One diabetic patient taking wheat albumin reported constipation. Postprandial 

hyperglycemia might have been suppressed by delaying the absorption of carbohydrates, which was 

due to strong inhibition of α-amylase activity by wheat albumin. The α-glucosidase inhibitor, one of 

the oral hypoglycemic agents, has a similar mechanism of action to wheat albumin. It delays 

disaccharide digestion and absorption, possibly causing abdominal bloating and diarrhea. However, 

no considerable adverse effects such as gastrointestinal symptoms and hepatic dysfunction were 

observed in the wheat albumin group. Wheat albumin may be a safe and effective functional food for 

improving glycemic control. However, all patients in this trial had mild type 2 diabetes; therefore, 

whether wheat albumin has a glucose lowering effect in patients with moderate to severe type 2 

diabetes is unclear. Shidfar et al. [14] reported the effect of ginger (Zingiber officinale) on glycemic 

indices in type 2 diabetic patients. Among the 50 patients with type 2 diabetes who were randomly 

assigned to the placebo group and the ginger (Zingiber officinale) supplementation group, 45 patients 

completed the trial. Patients with obesity (BMI ≥ 30 kg/m
2
), chronic diseases such as heart disease, 

hepatic or kidney dysfunction, insulin therapy, or poor glycemic control (HbA1c > 8%) were 

excluded. Patients in the ginger group and the placebo group received 3 g per day of powdered 

ginger capsules and the same dose of placebo capsules for 3 months. No significant differences in 

medication, physical activity, or dietary intake between the two groups were observed at baseline. 

After 3-months of the ginger treatment, serum glucose levels (−19.41 ± 18.83 mg/dl vs. 1.63 ± 4.28 

mg/dl), HbA1c levels (−0.77 ± 0.88% vs. 0.02 ± 0.16%), insulin levels (−1.46 ± 1.7 μIU/ml vs. 0.09 

± 0.34 μIU/ml), the homeostasis model assessment of insulin resistance (−16.38 ± 19.2 vs. 0.68 ± 

2.7), highly sensitive c-reactive protein (−2.78 ± 4.17 mg/dl vs. 0.2 ± 0.77 mg/dl), paraoxonase-1 

(22.04 ±24.53 U/l vs. 1.71 ± 2.72 U/l), total antioxidant capacity (0.78 ± 0.71 μU/ml vs. −0.04 ± 0.29 

μU/ml), and malondialdehyde (−0.85 ± 1.08 μmol/ml vs. 0.06 ± 0.08 μmol/ml) values in the ginger 

group were significantly different compared to those in the placebo group. These glycemic, 

inflammatory, and oxidative stress markers significantly decreased in the ginger group after 

3-months of ginger treatment. Similarly, Mozaffari-Khosravi et al. [15] also reported that 3 g daily of 

ginger supplementation for 8 weeks improved glycemic control and insulin resistance in patients 

with type 2 diabetes. The compounds of ginger, gingerol and shogaol, inhibit α-amylase and 
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α-glucosidase, stimulate insulin secretion, and decrease reactive oxygen species in pancreatic β cells [16], 

all of which may result in improved glycemic control. Furthermore, the beneficial effects of ginger 

could be attributable to peroxisome proliferator-activated receptor-γ agonistic activity and 

adiponectin secretion [17]. Ginger supplementation may be beneficial for glucose homeostasis in 

patients with type 2 diabetes. Urquiaga et al. [18] speculated that wine grape pomace flour, which is 

abundant with antioxidants and fiber, key nutritional components of the Mediterranean diet, 

conducted an RCT to evaluate the effect of wine grape pomace flour on metabolic syndrome. 

Thirty-eight male subjects, 13 subjects in the control group and 25 subjects in the intervention group, 

completed the study. Three subjects in the control group and 6 subjects in the intervention group 

dropped out of the study. The mean age and BMI of the controls were 43.1 ± 8.4 years and 27.9 ± 3.5 

kg/m
2
, respectively. The mean age and BMI of the subjects in the intervention group were 44.5 ± 9.3 

years and 29.1 ± 3.9 kg/m
2
, respectively. No significant differences in clinical characteristics 

between the groups were observed. Subjects in the intervention group took 20 g of wine grape 

pomace flour per day, which contained 822 mg of polyphenol and 10 g of dietary fiber. After 

16-week administration of wine grape pomace flour, fasting blood glucose levels (from 92.7 ± 5.8 

mg/dl to 89.4 ± 7.9 mg/dl) and systolic (from 127.1 ± 11.5 mmHg to 122.8 ± 8.5 mmHg) and 

diastolic (from 79.7 ± 8.3 mmHg to 74.4 ± 5.6 mmHg) blood pressures significantly decreased in the 

intervention group, but not in the control group. There were no changes in fasting insulin, 

postprandial glucose or insulin, insulin resistance evaluated by homeostasis model assessment of 

insulin resistance, or HbA1c between groups. Serum cholesterol levels also did not change within 

and between the groups. On the other hand, postprandial insulin levels decreased from baseline in the 

intervention group in contrast with the increased postprandial insulin levels in controls. In addition, 

γ-tocopherol (from 1.80 ± 0.74 μM to 2.40 ± 1.36 μM) and δ-tocopherol (from 0.70 ± 0.13 μM to 

0.79 ± 0.23 μM) significantly increased, and the carbonyl group in plasma protein significantly 

decreased (from 0.56 ± 0.18 nmol/mg protein to 0.44 ± 0.19 nmol/mg protein) in the wine grape 

pomace flour group. The group dependent magnitude of the differences between the initial and final 

postprandial insulin and γ-tocopherol levels was significant. Wine grape pomace flour contains 52% 

dietary fiber, and 4.4% of polyphenols have antioxidant capacity of 362.9 ORAC (Oxygen Radical 

Absorbance Capacity) (μmol TE/g (TE：Trolox Equivalent) dry matter). Previous studies have shown 

that dietary fiber lowers blood glucose, blood pressure, and obesity and improves the lipid profile 

and insulin resistance, all of which lead to CVD risk reduction [19–21]. The intake of fiber was 

estimated to be approximately 30 g per day by supplementation with wine grape pomace flour, which 

had beneficial effects on blood pressure and glucose homeostasis. Furthermore, the increase in 

γ-tocopherol by supplementation with wine grape pomace flour suggests that oxidative stress could 

be attenuated by this product. However, 31 participants reported adverse effects due to consumption 

of wine grape pomace flour; e.g., increased intestinal gas, constipation, and regularization of 

intestinal transit. The tolerability of wine grape pomace flour is open to question. Further 

investigations on the safety and efficacy of wine grape pomace flour for glucose homeostasis in 
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patients with type 2 diabetes, as well as in subjects with metabolic syndrome, are required. Table 2 

summarizes RCTs reporting the beneficial effects of functional foods on diabetes. 

Table 2. RCTs reporting beneficial effects of functional foods on diabetes. 

Authors, 

year 

Subjects (control vs. 

intervention) 

Functional 

foods 

Adverse 

effects 

Results 

Bhatt et al., 

2012 [10] 

57 patients with type 2 

diabetes 

Age: 56.67 ± 8.91 years vs. 

57.75 ± 8.71 years 

Sex (Men/Women): 9/20 vs. 

12/16 

BMI: 24.92 ± 3.05 kg/m
2 
vs. 

24.66 ± 3.57 kg/m
2 

 

HbA1c: 8.75 ± 1.56% vs. 9.99 

± 1.50% 

Resveratrol: 

250 mg/day for 

3 months 

No description Fasting blood 

glucose↓, HbA1c↓, 

systolic blood 

pressure↓, diastolic 

blood pressure↓, total 

cholesterol↓, and 

low-density 

lipoprotein 

cholesterol↓ 

Kodama et 

al., 2005 [13] 

18 patients with mild type 2 

diabetes 

Age: 56.0 ± 3.91 years vs. 

55.9 ± 2.79 years 

Sex (Men/Women): 4/1 vs. 

11/2 

BMI: No description 

(Weight: 66.0 ± 2.32 kg vs. 

68.7 ± 3.89 kg) 

HbA1c: Not described in 

detail 

Wheat albumin: 

0.5 g at three 

daily meals for 

3 months 

One subject: 

constipation 

Fasting blood 

glucose→, HbA1c↓ 

Shidfar et al., 

2015 [14] 

45 patients with type 2 

diabetes 

Age: 47.1 ± 8.31 years vs. 

45.2 ± 7.64 years 

Sex (Men/Women): No 

description 

BMI: 29.2 ± 3.1 kg/m
2
 vs. 

29.5 ± 2.8 kg/m
2
  

HbA1c: 7.39 ± 1.31% vs. 7.37 

Ginger: 3 g/day 

for 3 months 

No description Serum glucose↓, 

HbA1c↓, insulin↓, 

HOMA-R↓, 

high-sensitive 

c-reactive protein↓, 

paraoxonase-1↑, total 

antioxidant capacity↑, 

and 

malondialdehyde↓ 
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± 1.86% 

Urquiaga et 

al., 2015 [18] 

38 male subjects, 23% of 

subjects in the control group 

and 32% of subjects in the 

intervention group had 

metabolic syndrome 

Age: 43.1 ± 8.4 years vs. 44.5 

± 9.3 years 

Sex (Men/Women): 13/0 vs. 

25/0 

BMI: 27.9 ± 3.5 kg/m
2
 vs. 

29.1 ± 3.9 kg/m
2
  

Wine grape 

pomace flour: 

20 g/day for 16 

weeks 

Increased 

intestinal gas, 

heartburn, 

constipation, 

regularization 

of intestinal 

transit, soft 

stools, 

increased 

appetite, 

dyspepsia, 

gastroesophag

eal reflux 

Fasting blood 

glucose↓, systolic 

blood pressure↓, 

diastolic blood 

pressure↓ 

postprandial insulin↓, 

and γ-tocopherol↑ 

RCT = randomized controlled trial; BMI = body mass index; HbA1c = hemoglobin A1c; HOMA-R = the 

homeostasis model assessment of insulin resistance 

3.2. RCTs reporting no significant effects of functional foods on diabetes 

The above-referenced RCTs reported some beneficial effects of functional foods on diabetes; 

however, the other seven trials unfortunately could not find any favorable effects of functional foods 

on diabetes as their primary outcome.  

Evans et al. [50] investigated the efficacy of Diabetinol® (a 525 mg capsule including citrus 

flavonoids, limonoids, tocotrienols, and vitamin E) as an adjunctive therapy in patients with diabetes. 

This randomized, double-blind, placebo-controlled, parallel study enrolled fifty subjects. Thirty four 

subjects completed the trial. Five subjects in the Diabetinol® supplementation group were dropped 

out because of adverse effects such as diarrhea, liver dysfunction, and gastric complications. After 24 

weeks of supplementation, no significant changes in fasting and 2-hour post prandial blood glucose, 

insulin, and HbA1c levels were observed. The lipid profile in the Diabetinol® supplementation 

group appeared to be improved compared to the placebo group; however, the difference between the 

groups was not significant. Citrus flavonoids have anti-inflammatory and antioxidant properties, 

whose supplementation is expected to be beneficial for the treatment of diabetes [51]. Experimental 

studies have shown that citrus flavonoids improve dyslipidemia and insulin sensitivity [52], and 

increase GLUT4 expression [53]. These evidence suggest that Diabetinol® is a promising functional 

food for the treatment of diabetes; however, it was not effective in a real world setting. Marett and 

Slavin [22] conducted a 6-month randomized, double-blind, parallel trial to examine the effect of 

supplementation with arabinogalactan on serum lipids and glucose in healthy individuals. A total of 
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54 subjects (28 men and 26 women) completed the trial. The mean age of the subjects was 29 years. 

Subjects were randomly assigned to a larch arabinogalactan group (n = 18), a tamarack 

arabinogalactan group (n = 19), and a placebo rice starch group (n = 17). Subjects consumed 8.4 g 

per day of placebo or arabinogalactan for 6 months. No significant differences in age, BMI, diet, 

kilocalories, nutritive ratio of carbohydrate, protein, fat, cholesterol, or soluble or insoluble fiber 

among the larch arabinogalactan, tamarack arabinogalactan, and placebo groups were found. After 6 

months of intervention, no significant changes in triglycerides, low-density lipoprotein cholesterol, 

high-density lipoprotein cholesterol, apolipoprotein A, or apolipoprotein B were observed among the 

three groups. Serum glucose levels significantly decreased compared with the baseline levels in all 

groups, but all values were within normal ranges. No remarkable differences in adverse effects 

among the diets were observed, although the occurrence of flatulence increased one month after both 

larch arabinogalactan and tamarack arabinogalactan administration. Supplementation with 

arabinogalactan had no effects on weight, blood pressure, serum glucose, lipids, or insulin. The 

authors stated that the 6–8 week study duration to assess the effect of a treatment on lipid profile 

might be short. Dietary intervention including supplementation with functional foods may transiently 

affect serum glucose and lipids; however, the human body adapts to the intervention over time. This 

statement is highly suggestive. Most clinical studies regarding functional foods and health have a 

short duration or are completed within a few days because the studies simply examine metabolic 

responses to the administration of functional foods. Lee et al. [23] assessed the effect of low-fat milk 

on endothelial function and oxidative stress as well as metabolic risk factors in Korean adults with 

metabolic syndrome. Subjects who had a history of CVD, were taking hypoglycemic agents, or with 

HbA1c levels over 7.0% were excluded. Sixty-six subjects were included and randomly allocated to 

the control (n = 33) or the low-fat milk group (n = 33); however, two subjects dropped out of the 

low-fat milk group, and 6 subjects were excluded due to not complying with the study rules. Subjects 

in the low-fat milk group consumed 400 ml per day of low-fat milk for 6 weeks. A total of 58 

subjects completed the study protocol. The mean age and BMI of the controls were 45.9 ± 9.0 years 

and 27.4 ± 3.2 kg/m
2
, respectively. The mean age and BMI of the low-fat milk group were 50.4 ± 8.6 

years and 28.1 ± 2.6 kg/m
2
, respectively. In the low-fat milk group, weight, BMI, and blood urea 

nitrogen levels significantly increased after 6-week low-fat milk consumption, although no 

significant changes in blood pressure, glycemic control, or insulin sensitivity were detected. Serum 

E-selectin, interleukin-6, and oxidized low-density lipoprotein levels increased, but urine 

malondialdehyde levels decreased. In the control group, waist circumference and urine 

malondialdehyde levels decreased, whereas serum soluble intercellular adhesion molecule-1 levels 

increased. The change in blood urea nitrogen levels was significant between groups; however, none 

of the changes of other parameters showed a significant difference. Supplementation with low-fat 

milk for 6 weeks did not show a beneficial effect on metabolic health including glycemic control. 

The authors performed a subgroup analysis and stated that regular intake of low-fat milk may be 

beneficial for biomarkers of atherosclerosis in subjects with hypertension and hypertriglyceridemia; 
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however, this was only a sub-analysis. Low-fat milk does not have a favorable effect on diabetes. 

Chang et al. [24] developed functional yogurt NY-YP901 (Namyang Dairy Product Co. Ltd and 

Nutra R&BT Inc.) supplemented with a mixture of Streptococcus thermophilus, Lactobacillus 

acidophilus, Bifidobacterium infants, and various functional ingredients. They investigated whether 

this functional yogurt had beneficial effects on blood pressure, blood glucose and lipid profiles. The 

study design was an 8-week randomized, double-blind, placebo-controlled, parallel study. Subjects 

with medication such as anti-hypertensive drugs, lipid lowering drugs, oral hypoglycemic agents, or 

insulin were excluded. Subjects with obesity, apparent hypertension or diabetes were also excluded. 

A total of 101 subjects completed the study protocol. Fifty-three subjects (16 men and 37 women) in 

the treatment group consumed the functional yogurt NY-YP901 (150 ml) twice per day for 8 weeks. 

The mean ages of subjects in the functional yogurt group and the control group were 36.45 ± 9.92 

years and 37.16 ± 8.89 years, respectively. Weight (−0.24 ± 1.50 kg) and BMI (−0.10 ± 0.58 kg/m
2
) 

significantly decreased in the functional yogurt group compared to those of the control group. 

However, no significant differences in blood pressure, fasting blood glucose, or HbA1c within or 

between the groups were found. After 8-week functional yogurt consumption, low-density 

lipoprotein cholesterol decreased in the functional yogurt group, and the difference of this change 

between groups was significant. The cholesterol lowering effect of functional yogurt NY-YP901 is 

presumed to be due to YQ-2, fibersol-2, and the pine tree leaf extraction solution in the functional 

yogurt used in this study. However, the functional yogurt did not have a favorable effect on diabetes. 

Ebrahimi-Mamaghani et al. [25] evaluated the effects of raw red onion on metabolic parameters in 

overweight or obese women with polycystic ovary syndrome. A total of 54 subjects were randomly 

assigned to the high-onion-consumption group (n = 27) or the low-onion-consumption group (n = 27). 

Subjects who suffered from diabetes, hypertension, or endocrine disorders affecting metabolic 

parameters were excluded before randomization. The high-onion-consumption group received their 

usual diet plus raw red onions (80-100 g per day for overweight subjects and 100-120 g per day for 

obese subjects). Subjects in the high-onion-consumption group consumed raw red onions with lunch 

and dinner for 8 weeks. The control low-onion-consumption group received their usual diet plus 

fewer raw red onions (20–30 g per day) compared with the high-onion-consumption group for 8 

weeks. The dietary intake of subjects in each group was measured using a 3-day food record, and no 

significant difference between the groups was found. The mean age and BMI of the subjects in the 

high-onion-consumption group were 26.44 ± 5.93 years and 31.27 ± 3.90 kg/m
2
, respectively, 

whereas those of the low-onion-consumption group were 26.70 ± 5.58 years and 30.83 ± 3.92 kg/m
2
, 

respectively. Four (three in the high-onion-consumption and one in the low-onion-consumption 

group) out of 54 subjects had impaired fasting glucose. After the 8-week treatment, total cholesterol 

and low-density lipoprotein cholesterol levels significantly decreased in both the high- and 

low-onion-consumption groups, but no significant difference between the groups was observed. For 

fasting blood glucose levels, no significant difference was observed within or between the two 

groups. However, when a further analysis subdividing subjects into with and without insulin 
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resistance was performed, total cholesterol (weighted mean difference: −14.87 mg/dl), low-density 

lipoprotein cholesterol (weighted mean difference: −11.82 mg/dl), high-density lipoprotein 

cholesterol (weighted mean difference: −4.83 mg/dl), and fasting blood glucose (−5.58 mg/dl) levels 

significantly decreased in subjects with insulin resistance. Onion has been indicated to be protective 

against vascular damage through its cholesterol-lowering effects in rats [26]. This trial suggests that 

raw red onion may also have a cholesterol-lowering effect in humans. On the other hand, the reason 

why fasting blood glucose decreased in insulin resistant patients with polycystic ovary syndrome 

after the 8-week treatment was not well described. The authors speculated that failure to show a 

hypoglycemic effect of onion in this trial was due to normal glucose levels at baseline in the study 

population. They described that the hypoglycemic effect of onion may appear in patients with 

diabetes, as referred to in a randomized crossover study over 30 years ago [27], but not in subjects 

without diabetes. Thus, a further RCT in patients with type 2 diabetes is warranted to reveal the 

effect of onion on glucose homeostasis in humans. Faghihzadeh et al. [28] evaluated the effects of 

resveratrol supplementation on CVD risk factors in patients with non-alcoholic fatty liver disease 

(NAFLD), which is known to be associated with insulin resistance and type 2 diabetes. Of the 127 

recruited patients, 50 patients were randomly assigned to the resveratrol group (n = 25) or the 

placebo control group (n = 25). Patients with diabetes were excluded from this trial. Study 

participants received 500 mg of pure trans-resveratrol or placebo for 12 weeks. Both groups were 

advised to have a balanced diet and to perform exercise for at least 30 minutes, three times per week 

during the study period. Serum glucose and insulin levels and insulin sensitivity index were 

established as secondary outcomes. No patient complained of considerable adverse effects during the 

treatment. Plasma levels of alanine aminotransferase and hepatic steatosis were reduced by 

resveratrol supplementation. BMI, waist circumference, aspartate aminotransferase, bilirubin, and 

high-density lipoprotein cholesterol were reduced in both groups, but significant differences between 

the two groups were not found. No significant changes in glucose, insulin, homeostasis model of 

assessment of insulin resistance, or a homeostasis model of assessment of β-cell function were 

observed in either group. The results show that 12-week supplementation with 500 mg of resveratrol 

in addition to lifestyle modification was not beneficial for insulin resistance in patients with NAFLD. 

However, the results are controversial for clinical studies investigating the effect of resveratrol on 

diabetes. Previous studies have shown that resveratrol improves glucose metabolism in humans [10] 

and in mice [29]. Differences in the characteristics of study participants may strongly affect the 

results. Because favorable effects of resveratrol on metabolic parameters have been reported mostly 

in individuals with metabolic abnormalities, Yoshino et al. [30] investigated the metabolic effects of 

resveratrol in non-obese women with normal glucose tolerance. A total of 45 lean and overweight 

postmenopausal women were recruited. One subject in the placebo group dropped out. Subjects were 

randomly assigned to the placebo group (n = 14), the resveratrol supplementation group (n = 15), or 

the calorie restriction group to achieve a 5% weight loss group (n =15). Subjects in the intervention 

group received 75 mg per day of resveratrol supplementation for 12 weeks. The mean ages of 
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subjects in the intervention and placebo groups were 58.2 ± 4.0 years and 59.8 ± 4.3 years, 

respectively. No adverse effects of resveratrol were detected during the study. After 12-week 

resveratrol supplementation, all clinical parameters, including body weight, body composition, 

plasma glucose, insulin, lipids, adiponectin, leptin, c-reactive protein, interleukin-6, homeostasis 

model assessment of insulin resistance, blood pressure, and resting metabolic rate, did not change. 

Although a hyperinsulinemic-euglycemic clamp procedure was performed, no effects on basal 

glucose, fatty acid kinetics, or insulin sensitivity in the liver, adipose tissue, or skeletal muscle were 

observed. Furthermore, gene expression of potential resveratrol targets such as AMP-activated 

protein kinase, NAD
+
 biosynthesis, NAD

+
-dependent protein deacetylase SIRT1, and peroxisome 

proliferator-activated receptor γ coactivator-1α [31–34] were measured. No effect of resveratrol 

supplementation on the expression of these genes in skeletal muscle or adipose tissue was observed. 

Resveratrol also did not affect the biological pathways associated with mitochondrial function and 

inflammation. This study showed that daily resveratrol consumption, which is equal to the amount of 

resveratrol contained in 8 liters of red wine, had no metabolic benefits in postmenopausal women 

with normal glucose tolerance. It is notable that the authors thoroughly investigated the effects of 

resveratrol supplementation on the plasma concentrations of resveratrol, on insulin sensitivity in 

skeletal muscle and adipose tissue via hyperinsulinemic-euglycemic clamp, and on the expression of 

genes related to the putative mechanism of action of resveratrol in humans. The authors also stated 

that resveratrol may improve metabolic outcomes in only subjects with obesity and type 2 diabetes, 

but not in subjects without metabolic disorders. However, in subjects with normal glucose tolerance, 

resveratrol probably has no effects on metabolic parameters. In any case, further investigations are 

warranted both in subjects with and without diabetes. Table 3 summarizes RCTs reporting no 

significant effects of functional foods on diabetes. 

Table 3. RCTs reporting no significant effects of functional foods on diabetes. 

Authors, year Subjects (control 

vs. intervention) 

Functional foods Adverse 

effects 

Results 

Evans et al., 2015 

[50] 

34 patients with 

type 2 diabetes 

Age: 57.7 ± 7.7 

years vs. 58.5 ± 

13.0 years 

Sex 

(Men/Women): 

10/9 vs. 7/8 

BMI: 35.1 ± 4.4 

kg/m
2
 vs. 34.5 ± 

Diabetinol® 

(nobiletin (49%), 

tangeretin (13%), 

limonoids, 

tocotrienols, and 

vitamin E) 

 

Diarrhea (n = 

3), liver 

dysfunction (n 

= 1), and 

gastric 

complications 

(n = 1) 

No effects on 

glycemic control 

and lipid profile 
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7.8 kg/m
2
 

HbA1c: 7.06 ± 

1.49% vs. 7.03 ± 

0.80% 

Marett and Slavin, 

2004 [22] 

54 healthy 

individuals 

(larch 

arabinogalactan 

group, tamarack 

arabinogalactan 

group, and a 

placebo of rice 

starch group) 

Age: Not described 

in each group 

Sex 

(Men/Women): 

Not described in 

each group 

BMI: Not 

described in each 

group 

Arabinogalactan:  

8.4 g/day for 6 

months 

Flatulence No effects on 

weight, blood 

pressure, serum 

glucose, lipids, 

and insulin 

Lee et al., 2016 [23] 58 subjects with 

metabolic 

syndrome 

Age: 49.5 ± 9.0 

years vs. 50.4 ± 8.6 

years 

Sex 

(Men/Women): 

15/15 vs. 14/14 

BMI: 27.4 ± 3.2 

kg/m
2
 vs. 28.1 ± 

2.6 kg/m
2
  

HbA1c: 5.7 ± 0.3% 

vs. 5.8 ± 0.4% 

Low-fat milk: 400 

ml/day for 6 weeks 

No description  Blood urea 

nitrogen↑ 

No effects on 

glycemic control 
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Chang et al., 2011 

[24] 

103 healthy 

individuals 

Age: 37.16 ± 8.89 

years vs. 36.45 ± 

9.92 years 

Sex 

(Men/Women): 

15/33 vs. 16/37 

BMI: 22.13 ± 2.80 

kg/m
2
 vs. 22.63 ± 

3.26 kg/m
2
  

HbA1c: 5.37 ± 

0.27% vs. 5.40 ± 

0.32% 

Yogurt NY-YP901: 

300 ml/day for 8 

weeks 

No description Body weight↓, 

BMI↓ 

Low-density 

lipoprotein 

cholesterol↓ 

Ebrahimi-Mamaghani 

et al., 2014 [25] 

54 overweight or 

obese women with 

polycystic ovary 

syndrome 

Age: 26.70 ± 5.58 

years vs. 26.44 ± 

5.93 years 

BMI: 30.83 ± 3.92 

kg/m
2
 vs. 31.27 ± 

3.90 kg/m
2
  

Raw red onion: 

80–120 g/day for 8 

weeks 

Heart burn (n 

= 3) 

No effects on 

weight, fasting 

blood glucose, 

and lipids in all 

subjects  

Fasting blood 

glucose↓, serum 

lipids↓ in subjects 

with insulin 

resistance 

Faghihzadeh et al., 

2015 [28] 

50 patients with 

non-alcoholic fatty 

liver 

Age: 46.28 ± 9.52 

years vs. 44.04 ± 

10.10 years 

Sex 

(Men/Women): 

17/8 vs. 18/7 

BMI: 28.75 ± 3.50 

kg/m
2
 vs. 28.35 ± 

3.49 kg/m
2
  

Resveratrol: 500 

mg/day for 12 weeks 

None Alanine 

aminotransferase↓ 

No effects on 

fating blood 

glucose and 

insulin resistance 
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Yoshino et al., 2012 

[30] 

29 postmenopausal 

women with 

normal glucose 

tolerance 

Age: 59.8 ± 4.3 

years vs. 58.2 ± 4.0 

years 

BMI: 24.3 ± 2.7 

kg/m
2
 vs. 24.2 ± 

2.8 kg/m
2
  

Resveratrol: 75 

mg/day for 12 weeks 

None No effects on 

weight, body 

composition, 

blood glucose, 

and insulin 

sensitivity 

RCT = randomized controlled trial; BMI = body mass index; HbA1c = hemoglobin A1c 

4. Factors that can Influence Functional Food Consumption 

Recently, many consumers believe that functional foods contribute to their health, and the 

market of functional foods is growing [54]. A cross-sectional study in Belgium showed that higher 

age, level of education, physical activity, and regular use of vitamin supplements were associated 

with functional food consumption [55]. This study also suggested that cultural background is one of 

the predictors of functional food consumption [55]. Ozen and colleagues reported that age, gender, 

marital status, level of education, BMI, and physical activity were predictors of functional food 

consumption [56]. In general, older, female, and highly educated individuals are more likely to 

consume functional foods [55–57]. Moreover, taste is also a main determinant of functional food 

consumption [54]. Consumers may firstly evaluate functional foods as daily foods. In addition to health 

benefits, price, product quality, and taste are key factors to increase functional food consumption. 

5. Limitation of this Review 

Since there is no international standard for the definition of functional foods, searching for the 

relevant literature using the keyword ―functional food‖ instead of the name of single nutrient may 

miss a number of published articles. For example, Sauder and colleagues [58] reported that 4-week 

daily pistachio consumption improved lipid profile in well-controlled type 2 diabetic patients. 

However, this study was excluded from the review because it was a randomized crossover, not 

placebo-controlled, trial. The author carefully searched the current literature; however, there is some 

possibility of missing the relevant studies to review. 

6. Conclusion 
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A number of studies including epidemiological studies and intervention studies have 

demonstrated that various functional foods are beneficial for the management or prevention of type 2 

diabetes. Several RCTs have shown that supplementation with ginger, resveratrol, wheat albumin, or 

wine grape pomace flour, besides other recognized functional foods, may have beneficial effects on 

type 2 diabetes. Although controversial results from RCTs exist, a possible explanation is that the 

effects of functional foods differ depending on study participants’ clinical characteristics. Functional 

foods may have more considerable effects on glucose homeostasis in patients with type 2 diabetes 

compared to those with normal glucose tolerance. However, the effects of functional foods on type 2 

diabetes are still inconclusive because of the small number of subjects (n < 100), short duration (< 6 

months), high risk of biases, and methodological heterogeneity among studies. Moreover, little 

evidence is available regarding the cost-effectiveness of functional foods in patients with diabetes. 

The consumption of effective and safe functional foods has the potential to improve human health, 

and it also has the potential to be economically beneficial. For example, daily consumption of plant 

sterol- and stanol-enriched margarine, dairy products, and omega-3 fatty acids was found to be 

effective in reducing coronary heart disease-related costs [35]. Cost-effective analysis for each 

functional food and health benefit should be performed. In addition, investigating the effects of 

functional foods on diabetic complications, health-related quality of life, and mortality is an 

important issue for the future. Well-designed RCTs with a large number of subjects and a long 

duration are needed to elucidate the effects of functional foods on type 2 diabetes. 

Acknowledgments 

None. 

Conflict of Interest 

The author declares no conflict of interest. 

References 

1. Ooi CP, Loke SC (2013) Sweet potato for type 2 diabetes mellitus. Cochrane Database Syst Rev 

9: CD009128. 

2. Leach MJ, Kumar S (2012) Cinnamon for diabetes mellitus. Cochrane Database Syst Rev 9: 

CD007170. 

3. Roberfroid MB (2002) Global view on functional foods: European perspectives. Br J Nutr 88: 

S133-138. 

4. Estruch R, Ros E, Salas-Salvadó, et al. (2013) Primary prevention of cardiovascular disease with 

a Mediterranean diet. N Engl J Med 368: 1279-1290. 



294 

AIMS Medical Science Volume 3, Issue 3, 278-297. 

5. Tapsell LC (2015) Fermented dairy food and CVD risk. Br J Nutr 113: S131-135. 

6. Buckland G, Gonzalez CA (2015) The role of olive oil in disease prevention: a focus on the 

recent epidemiological evidence from cohort studies and dietary intervention trials. Br J Nutr 113: 

S94-101. 

7. Ros E (2015) Nuts and CVD. Br J Nutr 113: S111-120. 

8. Sikand G, Kris-Etherton P, Boulos NM (2015) Impact of functional foods on prevention of 

cardiovascular disease and diabetes. Curr Cardiol Rep 17: 39. 

9. IDF Diabetes Atlas. 7th ed. Brussels, Belgium: International Diabetes Federation; 2015. 

Available from: http://www.idf.org/diabetesatlas. 

10. Bhatt JK, Thomas S, Nanjan MJ (2012) Resveratrol supplementation improves glycemic control 

in type 2 diabetes mellitus. Nutr Res 32: 537-541. 

11. Hambrock A, de Oliveira Franz CB, Hiller S, et al. (2007) Resveratrol binds to the sulfonylurea 

receptor (SUR) and induces apoptosis in a SUR subtype-specific manner. J Biol Chem 282: 

3347-3356. 

12. Chen WP, Chi TC, Chuang LM, et al. (2007) Resveratrol enhances insulin secretion by blocking 

K(ATP) and K(V) channels of beta cells. Eur J Pharmacol 568: 269-277. 

13. Kodama T, Miyazaki T, Kitamura I, et al. (2005) Effects of single and long-term administration 

of wheat albumin on blood glucose control: randomized controlled clinical trials. Eur J Clin Nutr 

59: 384-392. 

14. Shidfar F, Rajab A, Rahideh T, et al. (2015) The effect of ginger (Zingiber officinale) on 

glycemic markers in patients with type 2 diabetes. J Complement Integr Med 12: 165-170. 

15. Mozaffari-Khosravi H, Talaei B, Jalali BA, et al. (2014) The effect of ginger powder 

supplementation on insulin resistance and glycemic indices in patients with type 2 diabetes: a 

randomized, double-blind, placebo-controlled trial. Complement Ther Med 22: 9-16. 

16. Li Y, Tran VH, Duke CC, et al. (2012) Preventive and Protective Properties of Zingiber officinale 

(Ginger) in Diabetes Mellitus, Diabetic Complications, and Associated Lipid and Other 

Metabolic Disorders: A Brief Review. Evid Based Complement Alternat Med 2012: 516870. 

17. Isa Y, Miyakawa Y, Yanagisawa M, et al. (2008) 6-Shogaol and 6-gingerol, the pungent of ginger, 

inhibit TNF-alpha mediated downregulation of adiponectin expression via different mechanisms 

in 3T3-L1 adipocytes. Biochem Biophys Res Commun 373: 429-434. 

18. Urquiaga I, D'Acuña S, Pérez D, et al. (2015) Wine grape pomace flour improves blood pressure, 

fasting glucose and protein damage in humans: a randomized controlled trial. Biol Res 48: 49. 

19. Anderson JW, Randles KM, Kendall CW, et al. (2004)) Carbohydrate and fiber recommendations 

for individuals with diabetes: a quantitative assessment and meta-analysis of the evidence. J Am 

Coll Nutr 23: 5-17. 

20. Streppel MT, Arends LR, van’t Veer P, et al. (2005) Dietary fiber and blood pressure: a 

meta-analysis of randomized placebo-controlled trials. Arch Intern Med 165: 150-156. 



295 

AIMS Medical Science Volume 3, Issue 3, 278-297. 

21. Streppel MT, Ocké MC, Boshuizen HC, et al. (2008) Dietary fiber intake in relation to coronary 

heart disease and all-cause mortality over 40 y: the Zutphen Study. Am J Clin Nutr 88: 

1119-1125. 

22. Marett R, Slavin JL (2004) No long-term benefits of supplementation with arabinogalactan on 

serum lipids and glucose. J Am Diet Assoc 104: 636-639. 

23. Lee YJ, Seo JA, Yoon T, et al. (2016) Effects of low-fat milk consumption on metabolic and 

atherogenic biomarkers in Korean adults with the metabolic syndrome: a randomised controlled 

trial. J Hum Nutr Diet 29: 477-486.  

24. Chang BJ, Park SU, Jang YS, et al. (2016) Effect of functional yogurt NY-YP901 in improving 

the trait of metabolic syndrome. Eur J Clin Nutr 65: 1250-1255. 

25. Ebrahimi-Mamaghani M, Saghafi-Asl M, Pirouzpanah S, et al. (2014) Effects of raw red onion 

consumption on metabolic features in overweight or obese women with polycystic ovary 

syndrome: a randomized controlled clinical trial. J Obstet Gynaecol Res 40: 1067-1076. 

26. Kumari K, Augusti KT (2007) Lipid lowering effect of S-methyl cysteine sulfoxide from Allium 

cepa Linn in high cholesterol diet fed rats. J Ethnopharmacol 109: 367-371. 

27. Tjokroprawiro A, Pikir BS, Budhiarta AA, et al. (1983) Metabolic effects of onion and green 

beans on diabetic patients. Tohoku J Exp Med 141: 671-676. 

28. Faghihzadeh F, Adibi P, Hekmatdoost A (2015) The effects of resveratrol supplementation on 

cardiovascular risk factors in patients with non-alcoholic fatty liver disease: a randomised, 

double-blind, placebo-controlled study. Br J Nutr 114: 796-803. 

29. Labbé A, Garand C, Cogger VC, et al. (2011) Resveratrol improves insulin resistance 

hyperglycemia and hepatosteatosis but not hypertriglyceridemia, inflammation, and life span in a 

mouse model for Werner syndrome. J Gerontol A Biol Sci Med Sci 66: 264-278. 

30. Yoshino J, Conte C, Fontana L, et al. (2012) Resveratrol supplementation does not improve 

metabolic function in nonobese women with normal glucose tolerance. Cell Metab 16: 658-664. 

31. Baur JA, Sinclair DA. Therapeutic potential of resveratrol: the in vivo evidence. Nat Rev Drug 

Discov 5: 493-506. 

32. Lagouge M, Argmann C, Gerhart-Hines Z, et al. (2006) Resveratrol improves mitochondrial 

function and protects against metabolic disease by activating SIRT1 and PGC-1alpha. Cell 127: 

1109-1122. 

33. Park SJ, Ahmad F, Philp A, et al. (2012) Resveratrol ameliorates aging-related metabolic 

phenotypes by inhibiting cAMP phosphodiesterases. Cell 148: 421-433. 

34. Um JH, Park SJ, Kang H, et al. (2010) AMP-activated protein kinase-deficient mice are resistant 

to the metabolic effects of resveratrol. Diabetes 59: 554-563. 

35. Gyles CL, Lenoir-Wijnkoop I, Carlberg JG, et al. (2012) Health economics and nutrition: a 

review of published evidence. Nutr Rev 70: 693-708. 



296 

AIMS Medical Science Volume 3, Issue 3, 278-297. 

36. Li Y, Wang C, Huai Q, et al. (2016) Effects of tea or tea extract on metabolic profiles in patients 

with type 2 diabetes mellitus: a meta-analysis of ten randomized controlled trials. Diabetes 

Metab Res Rev 32: 2-10. 

37. Wang ZM, Zhou B, Wang YS, et al. (2011) Black and green tea consumption and the risk of 

coronary artery disease: a meta-analysis. Am J Clin Nutr 93: 506-515. 

38. Akash MS, Rehman K, Chen S (2014) Effects of coffee on type 2 diabetes mellitus. Nutrition 30: 

755-763. 

39. Cho SS, Qi L, Fahey GC Jr, et al. (2013) Consumption of cereal fiber, mixtures of whole grains 

and bran, and whole grains and risk reduction in type 2 diabetes, obesity, and cardiovascular 

disease. Am J Clin Nutr 98: 594-619. 

40. Mirmiran P, Bahadoran Z, Azizi F (2014) Functional foods-based diet as a novel dietary approach 

for management of type 2 diabetes and its complications: A review. World J Diabetes 5: 267-281. 

41. Hou Q, Li Y, Li L, et al. (2015) The Metabolic Effects of Oats Intake in Patients with Type 2 

Diabetes: A Systematic Review and Meta-Analysis. Nutrients 7: 10369-10387. 

42. Belobrajdic DP, Bird AR (2013) The potential role of phytochemicals in wholegrain cereals for 

the prevention of type-2 diabetes. Nutr J 12: 62. 

43. Williams PG (2014) The benefits of breakfast cereal consumption: a systematic review of the 

evidence base. Adv Nutr 5: 636S-673S. 

44. Afshin A, Micha R, Khatibzadeh S, et al. (2014) Consumption of nuts and legumes and risk of 

incident ischemic heart disease, stroke, and diabetes: a systematic review and meta-analysis. Am 

J Clin Nutr 100: 278-288. 

45. Yang B, Chen Y, Xu T, et al. (2011) Systematic review and meta-analysis of soy products 

consumption in patients with type 2 diabetes mellitus. Asia Pac J Clin Nutr 20: 593-602. 

46. Buitrago-Lopez A, Sanderson J, Johnson L, et al. (2011) Chocolate consumption and 

cardiometabolic disorders: systematic review and meta-analysis. BMJ 343: d4488. 

47. Eilat-Adar S, Sinai T, Yosefy C, et al. (2013) Nutritional recommendations for cardiovascular 

disease prevention. Nutrients 5: 3646-3683. 

48. Neelakantan N, Narayanan M, de Souza RJ, et al. (2014) Effect of fenugreek (Trigonella 

foenum-graecum L.) intake on glycemia: a meta-analysis of clinical trials. Nutr J 13: 7.  

49. Baker WL, Baker EL, Coleman CI (2009) The effect of plant sterols or stanols on lipid 

parameters in patients with type 2 diabetes: a meta-analysis. Diabetes Res Clin Pract 84: 

e33-e37. 

50. Evans M, Judy WV, Wilson D, et al. (2015) Randomized, double-blind, placebo-controlled, 

clinical study on the effect of Diabetinol(®) on glycemic control of subjects with impaired 

fasting glucose. Diabetes Metab Syndr Obes 8: 275-286. 

51. Alam MA, Subhan N, Rahman MM, et al. (2014) Effect of citrus flavonoids, naringin and 

naringenin, on metabolic syndrome and their mechanisms of action. Adv Nutr 5: 404-417. 



297 

AIMS Medical Science Volume 3, Issue 3, 278-297. 

52. Mulvihill EE, Assini JM, Lee JK, et al. (2011) Nobiletin attenuates VLDL overproduction, 

dyslipidemia, and atherosclerosis in mice with diet-induced insulin resistance. Diabetes 60: 

1446-1457. 

53. Lee YS, Cha BY, Saito K, et al. (2010) Nobiletin improves hyperglycemia and insulin resistance 

in obese diabetic ob/ob mice. Biochem Pharmacol 79: 1674-1683. 

54. Siró I, Kápolna E, Kápolna B, et al. (2008) Functional food. Product development, marketing and 

consumer acceptance—a review. Appetite 51: 456-467. 

55. Mullie P, Guelinckx I, Clarys P, et al. (2009) Cultural, socioeconomic and nutritional 

determinants of functional food consumption patterns. Eur J Clin Nutr 63: 1290-1296. 

56. Ozen AE, Bibiloni Mdel M, Pons A, et al. (2013) Sociodemographic and lifestyle determinants of 

functional food consumption in an adult population of the Balearic Islands. Ann Nutr Metab 63: 

200-207. 

57. Herath D, Cranfield J, Henson S (2008) Who consumes functional foods and nutraceuticals in 

Canada? Results of cluster analysis of the 2006 survey of Canadians' demand for food products 

supporting health and wellness. Appetite 51: 256-265. 

58. Sauder KA, McCrea CE, Ulbrecht JS, et al. (2015) Effects of pistachios on the lipid/lipoprotein 

profile, glycemic control, inflammation, and endothelial function in type 2 diabetes: A 

randomized trial. Metabolism 64: 1521-1529. 

 

© 2016 Hidetaka Hamasaki, licensee AIMS Press. This is an 

open access article distributed under the terms of the Creative 

Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0) 


