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Abstract

Dietary berries are a rich source of several nutrients and phytochemicals and in recent years, 

accumulating evidence suggests they can reduce risks of several chronic diseases, including type 2 

diabetes (T2D). The objective of this review is to summarize and discuss the role of dietary berries 

(taken as fresh, frozen, or other processed forms) on insulin resistance and biomarkers of T2D in 

human feeding studies. Reported feeding trials involve different berries taken in different forms, 

and consequently differences in nutritional or polyphenol composition must be considered in their 

interpretation. Commonly consumed berries, especially cranberries, blueberries, raspberries and 

strawberries, ameliorate postprandial hyperglycemia and hyperinsulinemia in overweight or obese 

adults with insulin resistance, and in adults with the metabolic syndrome (MetS). In non-acute 

long-term studies, these berries either alone, or in combination with other functional foods or 

dietary interventions, can improve glycemic and lipid profiles, blood pressure and surrogate 

markers of atherosclerosis. Studies specifically in people with T2D are few, and more knowledge 

is needed. Nevertheless, existing evidence, although sparse, suggests that berries have an emerging 

role in dietary strategies for the prevention of diabetes and its complications in adults. Despite the 

beneficial effects of berries on diabetes prevention and management, they must be consumed as 

part of a healthy and balanced diet.
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Introduction

Type 2 diabetes (T2D) is a global pandemic.1,2 Pharmacologic interventions are costly and 

associated with adverse side effects, while nutritional therapy remains central to prevention, 

development and treatment. T2D is a metabolic disease that is characterized by chronic 

hyperglycemia due to the inability of the insulin-receptive cells of the body to effectively 

respond to insulin (insulin resistance) and/or insufficient insulin production by the beta cells 

of the pancreas (insulin insufficiency). When alterations in glucose metabolism initially 

arise, the insulin-secreting beta cells of the pancreas are often functioning optimally, but the 

insulin-sensitive tissues have started to become insensitive to the insulin being secreted.3 It 

is thought that this desensitization to insulin is, in part, caused by insufficient insulin 

receptors on the normally insulin-sensitive target cells, preventing or decreasing the 

intracellular signaling and translocation of the glucose transporter (GLUT4) receptors to the 

cell membrane. This results in decreased glucose uptake by the insulin-sensitive tissues and 

leads to an increase in insulin output by the pancreatic beta cells to try and compensate for 

the rising blood glucose levels. The progressive deterioration in beta cell function, and 

reduction in the number of beta-cells, further elevates plasma glucose levels and contributes 

to the pathology of T2D.4

Nutrition therapy remains an integral part of diabetes management, recommended by the 

American Diabetes Association (ADA), and every other national diabetes organization. The 

role of plant-based diets, and the benefits of complex carbohydrates derived from fruits, 

vegetables, legumes and whole grains in the management of hyperglycemia and related 

cardio-metabolic risks have been consistently emphasized by ADA.2 Dietary bioactive 

compounds, especially the polyphenolic flavonoids that are found in colorful fruits, 

vegetables, have shown consistent anti-diabetic effects in experimental models and human 

studies.5–7 Among foods (and associated beverages) that have been extensively studied in 

recent years for their role in the management of chronic diseases, dietary berries deserve a 

special attention. Based on the National Health and Nutrition Examination Survey 

(NHANES, 2007–2012), berry intake comprised 10% of all fruit intake in US adults.8 

Berries, especially cranberries, blueberries, blackberries, raspberries and strawberries, are 

low in calories, and contain a range of micronutrients and antioxidants including vitamin C, 

folic acid, potassium, manganese, and polyphenols, such as anthocyanins, and tannins. All of 

these have been shown to exert health benefits in people with diabetes.9,10 Several 

epidemiological studies have associated habitual consumption of bioactive compounds from 

berries with subsequently reduced risks of inflammation, T2D and cardiovascular disease 

(CVD).5,6,11,12

While several reports have described effects of dietary berry supplementation in improving 

cardio-metabolic risks in adults with pre-diabetes or T2D, their effects on glycemic control 

have been inconsistent. It is important to determine whether the type of berry and/or the way 

it is presented or processed, and/or the timing of intervention (e.g. postprandial vs. chronic), 

may explain differences in findings. This reviews aims to provide an overview of controlled 

interventional studies that have examined the effects of commonly-consumed dietary berries 

(whole, processed, or extracts) on glycemic control and related cardio-metabolic risks in 

healthy adults, those with features of the metabolic syndrome, and those with T2D.
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Nutritional value of dietary berries

Dietary berries are low in calories, carbohydrates, and fats, and high in fiber, polyphenols, 

but contain certain essential micronutrients such as vitamin C, E and folic acid.13 Berries are 

typically consumed as whole fruits or in processed forms including frozen and dried fruits, 

juices, dried powders, and concentrated extracts of bioactive constituents. The USDA 

Economic Research Service reported apples and oranges as the “top fruit choice” of US in 

2016, but over half the combined pound-weight of both fruits was consumed as processed 

juice. Considering fresh and frozen fruit consumption, strawberry pound-weight (~3.9 and 

~1.4 pounds per capita, respectively) actually “outweighed” oranges (~3.5 pounds per 

capita).14 Berries that are common in the US diet include cranberries, strawberries, 

blueberries, blackberries, and raspberries. Based on the USDA Food Composition Database, 

fresh whole berries are an excellent source of vitamin C and manganese, with a 100 g 

serving providing ~64% and ~21% of RDA respectively. Blackberries and blueberries are an 

excellent source of vitamin K, providing ~20% of RDA per 100 g serving; additionally, they 

are considered a good source of fiber, providing ~4 g for every ~50 kcals, with total sugar 

content averaging ~6 g per 100 g whole fruit.15

Major categories of polyphenolic flavonoids present in berries include flavan-3-ols, 

flavanols, and anthocyanidins, such as cyanidin and delphinidin. The latter account for the 

blue, red, and purple colors of berries. Polyphenol levels vary depending on the variety of 

the fruit and the processing it has undergone. The USDA Database for Flavonoid Content of 

Selected Foods summarizes mean flavonoid content for commonly consumed berry 

products.16 In the raw forms of commonly consumed berries, the average total anthocyanin 

content is ~68 mg per 100 g for cranberries, 53 mg per 100 g serving for blueberries, 47 mg 

per 100 g for raspberries, and 2 mg per 100 g for strawberries. A striking difference in 

flavonoid content may be identified when comparing raw blueberry with raw bilberry (of the 

same genus Vaccinium i.e. “the European blueberry”); bilberry anthocyanins averaging 

~174% the amount found in blueberry, and raw bilberries contain 20-fold more cyanidin (85 

mg per 100 g vs. 4 mg per 100 g) and four-fold more delphinidin (97 mg per 100 g vs. 21 

mg per 100 g) than an equal weight of blueberries.16 In addition to anthocyanins being the 

most predominant flavonoids in berries, flavan-3-ols and flavonols are also present in 

smaller quantities as follows: raw blackberries ~42 mg and 4.5 mg; raw highbush 

blueberries~6.3 mg and 11 mg; raw cranberries ~6.5 mg and 22 mg; raw raspberries ~6 mg 

and 1 mg; raw strawberries ~4.5 mg and 2 mg flavan-3-ols and flavonols, respectively per 

100 g whole fruit.16

Anthocyanin content appears to be particularly affected by processing. For example, frozen 

strawberries, blueberries, and raspberries demonstrated an average ~42% decrease in 

anthocyanin content compared with their raw forms, while raspberry purees average a ~60% 

decrease. Similarly, juices of strawberries, cranberries, and raspberries retain only ~22% of 

anthocyanin contents when compared to their raw whole fruit forms.16 Processing methods, 

such as storage temperature and duration, as well as heat treatment, may significantly 

degrade anthocyanins in comparison with other flavonoids,17 while freeze-drying seems the 

most effective way to preserve anthocyanins in strawberries.18 Freeze-dried berries have 

been widely used in feeding trials, including our own.19–22 In addition to the methods of 
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processing, seasonal variations and time of harvest have also been shown to influence 

different berry cultivars. For example, summer strawberry cultivars reveal higher phenolic 

compounds than winter versions,23 whereas, late harvest vs. early harvest has been shown to 

significantly increase phenolic content of blueberries.24 Also, agricultural practices which 

may vary across geographic regions may influence phenolic composition; organic practices 

have been shown to yield blackberries with higher phenolic content than conventional 

farming practices.25 The wide variability in flavonoid composition in berries and their 

processed forms should be considered in clinical studies, especially in the interpretation of 

effects on clinical outcomes.

Effects of berries on glycemia and insulin resistance in healthy adults

As summarized in Table 1, dietary (including beverage) supplementation with berries, with 

or without matching for carbohydrate intake, significantly improved postprandial insulin 

responses, blunting postprandial insulin and glucose responses in metabolically healthy 

adults. These postprandial studies used either one type of berry or a combination of different 

berries including blueberry, bilberry (European blueberry), cloudberry, chokeberry, 

cranberry, lingonberry, raspberry, and strawberry. Of these studies, the two that used 

concentrated blueberry powder alone reported modulation of gastrointestinal hormones 

related to appetite, e.g. pancreatic polypeptide, and a delayed glycemic response in the 

treatment vs. control phase.26,27 Interestingly, these two studies did not show any effects on 

postprandial glucose and insulin excursions.26,27 Gastrointestinal hormones modulate 

hunger, satiety, and metabolic responses including glycemia. There are two distinct types of 

neurons with appetite-stimulating peptides and appetite-inhibiting peptides. The peptides 

they release act as neurotransmitters controlling feelings of hunger and satiety. Pancreatic 

polypeptide decreases gastric emptying and reduces pancreatic exocrine secretion, and thus 

plays an important role in satiety.28,29 Glucagon-like peptide-1 (GLP-1), secreted by 

enteroendocrine cells contribute to meal-related glycemic control by stimulating insulin 

secretion, inhibiting glucagon secretion, slowing gastric emptying, and reducing hepatic 

glucose metabolism.30,31 Preliminary data provide evidence on a role for blueberries in 

modulation of postprandial glycemia through effects on GI hormones in healthy adults,26,27 

and need further investigation in adults with insulin resistance and T2D. Furthermore, the 

hypothalamus has a major role in the regulation of energy homeostasis.32 The arcuate 

nucleus (Arc) contains the first-order neurons in the hypothalamus in response to the 

peripheral signals of energy stores and satiety. Neurons that express proopiomelanocortin 

(POMC) and cocaine- and amphetamine-regulated transcript (CART) in the hypothalamic 

Arc suppress feeding and increase energy expenditure in response to circulating adiposity 

signals such as leptin.33,34 There is an emerging role of dietary bioactive compounds, such 

as tea polyphenols, as well as resveratrol present in berries in counteracting leptin resistance 

by increasing expression of POMC and decreasing neuropeptide Y/agouti-related peptide, 

thereby decreasing food intake.35 These mechanisms are of relevance to obesity, impaired 

glucose tolerance and insulin resistance that could be potentially reversed or attenuated by a 

diet enriched with berries.

The delayed postprandial glucose responses elicited by blueberry ingestion may be mediated 

by anthocyanin-inhibition of intestinal alpha-amylase and alpha-glucosidase activity (that 
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has been observed in vitro),36,37 thereby slowing the rate of carbohydrate digestion. 

Anthocyanins have also been shown to cause inhibition of glucose transport from the 

intestine to plasma, specifically by inhibiting the sodium glucose co-transporter 1 (SGLT1) 

and the glucose transporter GLUT2.38

Studies reported by Törrönen et al. demonstrate efficacy of a combination of berries, taken 

in feasible daily amounts, in counteracting the hyperglycemic effect of carbohydrates such 

as white bread, rye bread or added table sugar in healthy adults. In these studies, 

consumption of berries together with the carbohydrate load significantly decreased 

postprandial glucose and insulin responses.39,40 A reduction in postprandial insulin prevents 

reactive hypoglycemia and lowers levels of free fatty acids and stress hormones, features 

often seen during the late postprandial period after consumption of refined carbohydrates.41 

Regular consumption of diets incorporating berries may thus reduce first-phase insulin 

secretion (mainly by decreasing carbohydrate absorption by inhibiting α-amylase and α-

glucosidase, and thereby glucose availability),36,37 improve and preserve pancreatic β-cell 

function, principally via decreasing oxidative stress and inflammation that can be attributed 

to the function of anthocyanins.42–44 In addition to the polyphenol content, whole berries are 

also a rich source of fiber that has been shown to delay gastric emptying and decrease 

glucose absorption that subsequently lead to decreases in postprandial rise of blood glucose.
45,46 In a Swedish study on the effects of a combination of berries, prebiotics and probiotics, 

a fermented oatmeal beverage was administered with vs. without bilberries or rosehip, and 

postprandial glucose and insulin levels were determined. Significantly lower postprandial 

insulin was observed in the low- (10%) and high- (47%) dose supplementation. The 

fermented oatmeal drink elicited a high glycemic response and this was significantly blunted 

by bilberry supplementation.47

These clinical observations are complemented by mechanistic data supporting anti-diabetic 

effects of fermented blueberry juice in mice.48 In this rodent model of obesity and leptin 

resistance, treatment of fermented blueberry juice for four weeks (40 mL per kg body 

weight) significantly decreased glucose response to an oral glucose load and improved 

insulin sensitivity when compared to the control group.48 Also, treatment of cells with 

fermented blueberry juice increased glucose uptake in mouse myoblasts, and in 3T3-L1 

adipocytes, whereas non-fermented juice had no effect on glucose transport. Treatment of 

cells with fermented blueberry juice was also shown to activate AMP-activated protein 

kinase (AMPK) in the same study.49 AMPK is an energy sensing protein kinase and an 

important regulator of anabolic and catabolic processes and consequently metabolic 

homeostasis.50 AMPK has been shown to exhibit anti-inflammatory effects, and especially 

ameliorate fatty acid-induced inflammation in the liver that upregulates pro-inflammatory 

cytokines involved in insulin resistance.51 The data suggest that an insulin-independent 

pathway may underlie increased glucose uptake. Dietary polyphenols undergo extensive 

metabolism by tissues and the microbiota, leading to the formation of several metabolites 

many of which have poor bioavailability in humans.22,52–54 Thus, findings from pre-clinical 

models using cells have limited application to human and must be confirmed in animal 

models and clinical trials. Based on these preliminary findings, and keeping in view the high 

fruit juice consumption in the adult population globally,55 fermented berry juices must be 

further investigated for their role in glycemic control in clinical trials.
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Effects of berries on glycemia and insulin resistance in overweight and 

obese adults

Being overweight or obese is associated with insulin resistance, dyslipidemia and increased 

risk of T2D and related cardiovascular complications.56 Dietary berries have been shown to 

improve insulin resistance in overweight and obese adults, especially those with insulin 

resistance as documented by HOMA-IR of greater than 2.0. As summarized in Table 2, 

dietary cranberries, blackberries, blueberries, strawberries, alone or in combination, may 

improve insulin resistance in overweight and obesity: as witnessed by some, but not in all, 

studies. Differences in composition of berry polyphenols and/or study design may contribute 

to the differences. In a dose-response postprandial study involving adults with abdominal 

adiposity and insulin resistance, supplementation of 40 g freeze-dried strawberries (FDS) at 

breakfast ameliorated ‘6 h postprandial hyperinsulinemia’ by approximately 12.5% when 

compared to meal only. The 6 h postprandial glucose levels did not differ among four 

groups: 0, 10, 20 and 40 g FDS.22 In another study in a similar cohort, supplementation of a 

beverage with the highest dose of blackcurrant anthocyanins (600 mg) inhibited the rate of 

increase of post-prandial plasma glucose: it also lowered insulin concentrations in the first 

30 minutes, had an inhibitory effect on plasma GIP concentrations up to 90 minutes, and 

reduced plasma GLP-1 concentrations at 90 minutes; however lower doses (300, 150 mg) 

had no significant inhibitory effects.57 Thus, dietary berries at high doses may be effective in 

lowering postprandial hyperglycemia and hyperinsulinemia when administered with a mixed 

breakfast meal in overweight adults.

In chronic feeding studies (~12 to 24 weeks) we observed different effects of berries on 

markers of glycemic control. In our reported studies of obese adults with impaired fasting 

glucose and/or insulin resistance (HOMA-IR > 2.0), and in obese adults with a clinical 

diagnosis of knee osteoarthritis, low-(25 g) or high-dose (50 g) FDS showed no effect on 

insulin resistance or fasting blood glucose.21,58 On the other hand, FDS decreased total and 

LDL-cholesterol, small LDL particles and inflammatory biomarkers, as well as mitigating 

knee OA pain in the treated vs. control group. Since “diabetic dyslipidemia” (high 

triglycerides, increased ‘small LDL’, and low HDL) has been significantly associated with 

CVD,59 these findings are of clinical relevance, supporting a role for strawberries in 

reducing CVD risk in overweight and obese adults with impaired lipid profiles. Furthermore, 

controlled feeding studies using blueberries or low-calorie cranberry juice showed an 

improvement in insulin resistance and/or fasting glucose in overweight and obese adults. In 

a six-week feeding study of 45 g freeze-dried blueberries in obese adults with insulin 

resistance, a significant increase of approximately 22% in insulin sensitivity (determined by 

exogenous glucose infusion divided by fat-free mass) was observed in treated vs. placebo 

groups.19 A strength of this study was the use of the most precise metabolic technique for 

assessing whole-body insulin sensitivity, i.e., hyperinsulinemic-euglycemic clamps, a 

technique not reported in other chronic feeding studies with berries.19 In an eight-week 

controlled feeding trial in which all meals were provided by the research group, 

supplementation of 480 mL cranberry juice twice a day improved HOMA-IR for those with 

higher baseline values (>2.0), suggesting improved glucose tolerance for overweight and 

obese adults.60
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These findings are supported by animal studies; rats fed a high-fructose diet supplemented 

with cranberry powder had lower fasting glucose and insulin and improved HOMA-IR and 

β-cell function.61 In other studies, berries in combination with other functional foods and 

bioactive compounds, such as bilberries combined with sea buckthorn, or in combination 

with other fruits and vegetables, improved biomarkers of antioxidant status and 

inflammation, but did not alter blood glucose or insulin resistance.62,63 These data provide 

some evidence that in overweight and obese adults, berries may be protective against the 

development of T2D by improving insulin resistance, dyslipidemia and inflammation.

Effects of berries on glycemia and insulin resistance in adults with 

metabolic syndrome

Metabolic syndrome (MetS) comprises a constellation of risk factors for T2D and 

cardiovascular disease.64 Our group and others have examined the effects of dietary berries 

in whole and processed forms in adults with MetS or ‘pre-diabetes’ (Table 3). We conducted 

a randomized controlled trial using freeze-dried blueberries (50 g day−1) for eight weeks in 

adults who met three criteria of the MetS, most frequently large waist circumference, low 

HDL-C and elevated blood pressure.20 Blueberries significantly decreased systolic and 

diastolic blood pressures, reduced plasma levels of lipid peroxidation products, but had no 

effects on blood glucose, HOMA-IR or inflammation.20 We conducted another study using 

FDS (50 g day−1) for eight weeks in a similar cohort, and observed a significant decreases in 

circulating adhesion molecules, total and LDL-C, but no effects on MetS-specific 

biomarkers.65 These clinical observations are further explained by mechanistic data from 

animal models of hypertension showing that blueberry supplementation lowered blood 

pressure and improved renal oxidative stress, and that berry anthocyanins lowered blood 

lipids.66,67

Dietary cranberries are commonly consumed as juice; cranberry juice cocktail is a popular 

beverage in the US with health benefits distinct from other fruit juices or sugar-sweetened 

beverages. Based on the cross-sectional NHANES survey (2005–2008), adults consuming 

cranberry juice had a significantly lower serum C-reactive protein (CRP) compared to 

nonconsumers in a model adjusted for relevant covariates, including body mass index.68 In 

concert, cranberry extracts exhibited anti-inflammatory effects in animal models of hepatic 

inflammation and obesity.52,69 These findings are significant in view of the growing global 

burden of MetS or pre-diabetes, conditions are characterized by insulin resistance, mediated 

at least in part by a pro-inflammatory state.64 We and others have examined the effects of 

low calorie cranberry juice in adults with MetS and observed significant antioxidant and 

anti-inflammatory effects, with no detrimental effects on glycemic profile. In an eight-week 

study, supplementation of 480 mL cranberry juice decreased oxidized LDL and lipid 

peroxidation,70 and in another study of similar duration, a larger dose of cranberry juice 

supplementation (700 mL) increased adiponectin and folic acid, corresponding to anti-

inflammatory effects in these adults.71 Anti-inflammatory effects were also observed in 

human studies of MetS when bilberries were added to a healthy diet,72 or following 

supplementation with acai berries73 or Colombian blueberries.74 On the other hand, dietary 

berries did not affect blood glucose or insulin resistance in these non-acute feeding studies 
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of people with MetS. The null effects on glycemic control may be explained by normal 

glucose profiles at baseline, despite the presence of MetS. In a recent report based on ten-

year NHANES data in approximately 32 000 US adults, the prevalence of MetS was 

observed to be constant, while obesity and T2D have increased significantly.75 Based on the 

observational data on the association of berry bioactive compounds, especially flavonoids 

with lower fat mass in women,76 there is an urgent need to examine the role of berries in this 

public health burden of obesity and metabolic dysfunction.

Few postprandial studies examining the effects of berries in MetS have been reported. In 

pre-diabetic adults with insulin resistance (HOMA-IR > 2.0), low dose (125 g) and high 

dose (250 g) frozen red raspberries with a breakfast meal were shown to lower postprandial 

insulin, and the high dose also lowered peak glucose and 2 h-glucose load.77 These findings 

are promising and warrant further studies on the effects of berries on postprandial 

metabolism in MetS. Overall, dietary berries may modulate glycemic profile selectively in 

adults with MetS who are insulin resistant, but generally exert anti-inflammatory and 

antioxidant effects and improve lipid profiles.

Effects of berries on glycemia and insulin resistance in adults with T2D

There are limited data on the effects of dietary berries in adults with diabetes, and results 

may be confounded by duration of diabetes, medications, and other complications of 

diabetes, notably renal impairment. As summarized in Table 4, we conducted feeding trials 

to examine the effects of dried cranberries and raspberries on postprandial metabolism. In 

diabetes, the postprandial phase is characterized by abnormal increases in plasma glucose 

and triglycerides, which contribute to endothelial dysfunction, oxidative stress and 

inflammation. Thus, reducing the magnitude of postprandial hyperglycemia, 

hypertriglyceridemia, oxidative stress and inflammation are goals of food-based nutritional 

interventions.78 While meals high in fat and refined carbohydrate have been shown to elicit 

higher postprandial glycemia, co-administration of antioxidant micronutrients, as well as 

dietary bioactive compounds, such as fruit and wine polyphenols, has been shown to 

ameliorate adverse metabolic changes.79 In our study, acute feeding of 40 g reduced-calorie 

dried cranberries together with a high-fat, ‘fast food style’ breakfast yielded significant 16% 

and 14% reductions in postprandial glucose at 2 h and 4 h, respectively. In addition, the 

cranberry supplement also reduced circulating IL-18 and lipid peroxidation products at the 

same time points. Cranberries present a combination of indigestible carbohydrates, soluble 

fiber and polyphenols: all are potential contributors to their effects in suppressing the 

postprandial increase of blood glucose in people with diabetes.80 Wilson et al. also reported 

the role of raw and low-calorie dried cranberries in decreasing postprandial blood glucose 

and insulin when compared following ingestion of white bread in adults with T2D.81 The 

findings were in concert with those from a 12-week study from Iran, in which daily 

consumption of one cup cranberry juice (240 mL) was associated with a significant 13% 

reduction of fasting blood glucose at 12 weeks.82 The composition of cranberry 

polyphenols, which include the highest content of procyanidins among berries, and in 

addition soluble fiber, may have unique benefits in T2D. These effects merit further 

exploration in people with diabetes at different levels of glycemic control. Among other 

commonly-consumed berries, we reported the effects of frozen raspberries in decreasing 
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postprandial glucose and inflammatory biomarkers in T2D adults.83 Raspberries have been 

previously shown to decrease postprandial insulin and glucose in adults with insulin 

resistance and MetS,77 and in this work, we concluded that raspberries may have a distinct 

role in ameliorating postprandial dysglycemia in T2D as well.

In long-term feeding studies (six to 12 weeks), dietary berries and their extracts reduced 

glycemia and inflammation in adults with diabetes (Table 4). However, the data are too 

limited and heterogeneous to draw any conclusions about a single berry fruit in diabetes 

management. In a six-week study conducted in Iran, supplementation of a large dose of FDS 

(50 g day−1) was associated with significant decreases in HbA1c and in biomarkers of 

inflammation and oxidative stress.84 In another 12-week study of adults with newly 

diagnosed T2D, anthocyanin supplements from bilberries and blackcurrants (vs. placebo) 

decreased HbA1c to the level below threshold for diagnosing T2D.85 HbA1c reflects the 

average glucose level during the past three months, and has the advantage of much lower 

variability than plasma levels of glucose or insulin.86 The reduction in HbA1c is of clinical 

relevance, based on epidemiological evidence that intensive management glycemia reduces 

long-term microvascular and macrovascular complications of diabetes.87 Other less 

commonly consumed berries, such as barberries and goji berries also improve blood glucose, 

lipids and/or blood pressure, but with no effects on HbA1c.88,89 These data from human 

intervention trials conform to observational data on the inverse associations of dietary berry 

and/or berry flavonoid consumption with risk of T2D in cohort studies.6,12 While promising, 

these findings require further investigation in people with diabetes at different ages, and with 

differing glycemic control, complication status, and disease duration.

Effects of berry extracts on glycemia and insulin resistance in adults with 

cardio-metabolic risks

Use of dietary supplements in adults with chronic diseases has been on the rise globally, but 

is often based on individual beliefs and perceptions that are based on inadequate knowledge 

of product quality, efficacy and safety. We reviewed studies examining the effects of berry-

based dietary supplements in adults with pre-diabetes, T2D or related cardio-metabolic risks 

(Table 5). Supplementation of black raspberry extracts in a large dose (1800 mg day−1) vs. 

placebo for 12 weeks decreased postprandial glucose based on a 75 g oral glucose tolerance 

test in adults with pre-diabetes (−28.1 ± 42.4 vs. +13.4 ± 52.6 mg dL−1, respectively, p < 

0.05), and also decreased surrogate markers of atherosclerosis in these adults.90 Blood 

glucose was also reported to be decreased following supplementation with extracts of maqui 

berry (a native of Chile) (Delphinol), and by anthocyanin extracts from bilberry and black 

currants in two studies of adults with prediabetes91,92 and in a single study of T2D, 

respectively.93 These studies also reported improvement in ‘diabetic dyslipidemia’, with a 

significant decrease in LDL-C and an increase in HDL-C following berry extract 

supplementation. Li et al. (2015) reported an increase in circulating adiponectin levels 

following supplementation of anthocyanin extracts (320 mg) for 24 weeks.93 Adiponectin is 

known to have insulin-sensitizing properties, and serum levels are decreased in insulin-

resistant, diabetic, and obese subjects.94 Thus, adiponectin has often been considered a 

critical target in the development of therapeutic strategies for diabetes. Induction of 
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adiponectin expression by the anthocyanin, cyanidin-3-O-β-glucoside, has been reported in 

animal studies.95

Consistent a beneficial role of cranberries in T2D,60,70,81 Lee et al. (2008)96 reported that 

12-week cranberry extract supplementation improved lipid profiles in T2D patients but had 

no effects on blood glucose and HbA1c.96 In summary, dietary supplementation with berry 

extracts may improve glucose and lipid profiles in people with diabetes, but the data are 

limited and do not address how isolated anthocyanins and bioactive compounds unique to 

different berries may modulate these effects. Furthermore, native berries such as maqui, 

mostly used for medicinal purposes in South American countries,97 may exert significant 

interactions with oral diabetes drugs that have not been addressed in the reported data.

Recommendations and conclusions

Berry consumption, especially the commonly consumed blueberries, cranberries, 

strawberries and raspberries, may exert unique beneficial effects in diabetes management, 

mainly by improving glycemic and lipid profiles, increasing antioxidant status and 

decreasing biomarkers of atherosclerosis. In a meta-analysis of 22 randomized controlled 

trials (n = 1251) assessing effects of dietary berries in China, Korea, USA, and Europe, 

Huang et al. (2016)98 reported the following significant positive outcomes that are relevant 

to diabetes management even though most subjects did not have diabetes: decreases in LDL-

C by 0.21 mmol L−1; systolic blood pressure by 2.72 mmHg; fasting glucose by 0.10 mmol 

L−1; body mass index by 0.36 kg m−2; HbA1c by 0.20%; and tumor necrosis factor-α by 

0.99 pg mL−1.98 Although this meta-analysis involved 22 trials, only two were conducted in 

people who actually had diabetes. Nine of the 22 studies involved supplementation with 

cranberries; the others used blueberries, bilberries, black currants, black raspberries, 

elderberries, lingonberries, and whortleberries. Cranberries, with their high 

proanthocyanidin content, are perhaps the best characterized of all berries for health 

benefits, and have been shown to have many beneficial effects as outlined above, and also 

including protection of gut barrier integrity impairment and improvement of the 

microbiome.80 Based on the findings summarized in Tables 1–5, generally consistent effects 

to those observed with cranberries are also observed with blueberries, bilberries, raspberries 

and strawberries. In general, berry consumption improved postprandial insulin and glucose 

profiles in healthy adults, those with insulin resistance and/or MetS, and those with T2D. In 

most studies including our own, beneficial effects were demonstrated with fresh, frozen or 

dried berries in the daily dosage range of 40–250 g, which is feasible for daily consumption. 

Other studies used freeze-dried berries at higher doses (~50 g, equivalent to 500 g fresh 

fruit), but this may only be feasible for a defined therapeutic period. Most of the long-term 

studies used commonly-consumed berries and addressed effects in overweight or obese 

subjects with insulin resistance, or with the MetS; only a few studies addressed T2D and 

more are needed, including studies to assess efficacy for weight loss.2 Overall, from existing 

evidence, dietary berries, especially taken as fresh or frozen fruit, or as unsweetened juices 

or purees, may be recommended as part of a healthy dietary strategy for diabetes prevention 

and management.
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e 
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x1
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vi
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: A

U
C

: a
re

a 
un

de
r 

th
e 

cu
rv

e;
 B

G
: b

lo
od

 g
lu

co
se

; B
M

I:
 b

od
y 

m
as

s 
in

de
x;

 C
x:
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on

tr
ol

 g
ro

up
; D

M
: d

ia
be

te
s 

m
el

lit
us

; H
bA

1C
: g

ly
ca

te
d 

he
m

og
lo

bi
n;

 H
D

L
: h

ig
h-

de
ns

ity
 li

po
pr

ot
ei

n;
 H

T
N

: 

hy
pe

rt
en

si
on

; I
FG

: i
m

pa
ir

ed
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as
tin

g 
gl

uc
os

e;
 I

G
T

: i
m

pa
ir

ed
 g

lu
co

se
 to

le
ra

nc
e;

 L
D

L
: l

ow
-d

en
si

ty
 li

po
pr

ot
ei

n;
 O

G
T

T
: o
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l g

lu
co

se
 to

le
ra

nc
e 

te
st

; S
B

P:
 s

ys
to

lic
 b

lo
od
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re

ss
ur

e;
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x:
 tr

ea
tm

en
t g

ro
up

.
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