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Type 2 diabetes mellitus (T2DM) is a chronic metabolic condition characterized by glucose clearance abnormalities

and insufficient insulin response. Left uncontrolled, T2DM can result in serious complications and death. 
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1. Introduction

Type 2 diabetes mellitus (T2DM), is a chronic metabolic pathology, characterized by abnormalities in glucose

clearance with chronic hyperglycemia and insufficient response to insulin, i.e., insulin resistance . Adults and

youth worldwide are affected by T2DM with clinical manifestations and disease progression varying substantially

across individuals . The diminished capacity for plasma glucose clearance induces the pancreas to compensate

by secreting more insulin, resulting in hyperinsulinemia and an overburdening of the pancreas that can eventually

lead to a decrease in β-cell functioning . Chronic, uncontrolled hyperglycemia can lead to damage of tissues and

organs, through excessive glycation phenomena, resulting in microvascular and macrovascular perturbations, in

turn affecting the nervous system, eye, kidney, and heart. Serious complications due to long-term, uncontrolled

diabetes include kidney disease, cardiovascular disease (CVD), amputation, blindness, and even death , leading

to an increased need for medical care and loss of productivity in the long term .

Both modifiable and non-modifiable factors that place individuals at high risk for developing T2DM have been

identified, most notably pre-diabetes, a condition characterized by abnormally elevated blood glucose , and the

metabolic syndrome (MetSy), a combination of metabolic abnormalities that increase the likelihood of developing

diabetes and cardiovascular disease (CVD) . While a cure for T2DM remains elusive, current treatments include

pharmaceutical and insulin therapies along with diet and lifestyle modifications aiming at optimal management of

the disease .

Non-modifiable risk factors for T2DM include but are not limited to: age (with risk increasing after 40 y and greatly

increasing after 60 y), sex (males appear more susceptible), genetics/family history of diabetes, ethnicity/race (e.g.,

African American, Hispanic, Native American, Asian American, and Pacific Islander), and in case of women,

diagnosis of gestational diabetes . Modifiable risk factors include: conditions associated with the MetSy, severe or

morbid obesity (BMI ≥ 40), non-alcoholic fatty liver disease (NAFLD), other conditions related to insulin resistance,

poor diet, and lack of physical activity. It is important to note that certain prescription medications, such as thiazide

diuretics, atypical antipsychotics, glucocorticoids, and statin-type drugs, prescribed for high cholesterol and

dyslipidemia, may also increase blood glucose levels placing the patient at risk for T2DM .
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Globally, the prevalence of diabetes has grown from 108 million people in 1980 to 422 million people in 2014 with a

rapid increase in countries experiencing epidemiological transition, greater compared to developed countries . In

2018, 34.2 million adults and children in the United States (US) were living with diabetes and an estimated 7.3

million adults remained undiagnosed (21.4% of diabetic adults), with 90–95% of cases classified as T2DM . With

the national and global prevalence of diabetes growing rapidly, there is an urgent need to address this crucial

public health issue.

The negative economic impacts of diabetes result not only from direct costs, such as increased healthcare

utilization and hospitalization, but from indirect costs such as diabetes-induced disability, premature death, and

absenteeism from education and work . In 2019, 9.3% of the world’s adult population was living with diabetes,

an estimated 463 million adults aged 20–79 y, while an additional 7.5% of the population, 374 million adults in the

same age range, were living with pre-diabetes . This translates to a global economic burden of USD 760 billion,

an amount projected to rise to USD 825 billion by 2030. Investigating the efficacy of dietary interventions that could

be utilized in lifestyle modifications for diabetics, such as including red raspberries (RR) in a balanced diet, may

reveal potential benefits for public health as well as US agriculture .

Red raspberries (Rubus idaeus L.) constitute a low-glycemic index fruit containing a small amount of carbohydrates

and relatively high amount of dietary fiber per weight unit . Their phytonutrients and bioactive compounds may

reduce the risk for chronic diseases and improve their management when consumed as part of a well-balanced

diet. The major bioactive polyphenols found in RR are anthocyanins, which produce the brilliant red coloring of the

berry, and ellagitannins/ellagic acid, found only in a few select foods . The possible health-promoting benefits of

RR consumption include improved insulin response, glucose, and lipid metabolism, as well as antioxidant and anti-

inflammatory properties .

Two countries that may particularly benefit from foods that mediate the risks for and assist with management of

T2DM are China and India. In 2019, China and India were estimated to have ≥20 million adults aged 20–79 y living

with diabetes . Along with the US, these countries have the highest rates of diabetes in the world, with numbers

projected to grow substantially in the coming years. Due to potential health-promoting benefits of RR for T2DM and

pre-diabetes, their production represents an immense opportunity for agriculture. Interestingly, in 2018, the US was

the fifth largest producer of RR worldwide  which suggests significant potential for the US economy, including

expanded export potential of this crop and an increase in its value, in promotion of RR as having evidence-based

therapeutic uses in chronic diseases .

2. Red Raspberries: An Overview

The first records of the red raspberry (RR) date back to Troy in the first century A.D., with domestication and

cultivation throughout Europe by the Romans in the fourth century, and utilization for art and medicinal purposes in

medieval Europe. Today, these berries are cultivated worldwide by the metric ton with most of the production in the

US from California, Washington, and Oregon . While there are several varieties of raspberries, red raspberries
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constitute the most consumed variety and can be distinguished from other types of berries primarily by color and

external texture .

Red raspberries can be consumed in raw or processed forms, such as frozen, dried, juiced, or powdered, as well

as an extract of its bioactive constituents . Main varieties of red raspberries include the following: Boyne,

Heritage, Latham, Prelude, Bababerry, Candy, September, and Amity. Considered a low glycemic index food, RR

contributes a minimal amount of carbohydrates and calories to the diet while providing an ample amount of dietary

fiber and micronutrients, such as folic acid and vitamins C and K, magnesium, potassium, calcium, and iron.

According to the United States Department of Agriculture (USDA) FoodData Central database, 1 cup (140 g) of

frozen RR provides 70 kcal of energy and 17 g of total carbohydrates with 8.96 g of dietary fiber (6.4/100 g), thus

constituting one of the highest sources of dietary fiber among whole foods .

2.1. Bioactive Compounds

Polyphenols with proposed biological activity contained in RR include anthocyanins, such as cyanidin and

delphinidin, flavanols, flavonols, and phenolic acids, such as ellagitannins/ellagic acid . Anthocyanins are plant

pigments that give berries their red, blue, and purple coloring, with approximately 47 mg of anthocyanins per 100 g

of RR . Anthocyanins are of particular interest for mitigating chronic disease risk; however, their content

appears to be greatly reduced during berry processing. For instance, anthocyanins are particularly sensitive to

duration and temperature of storage and frozen berries tend to have an average of 42% less anthocyanins than

their raw counterparts . Another major polyphenol class found in RR are ellagitannins found in certain berries

and nuts, muscadine grapes, and pomegranates. Like anthocyanins, ellagitannin content varies based on the

storage and processing methods used. Ellagitannin bioavailability may be increased after conversion to urolithins

by colonic bacteria, absorption by colonic enterocytes, and glucuronidation in the liver, a process with great inter-

individual variability . Although the bioavailability of both anthocyanins and ellagitannins is low and depends on

several factors, such as the food matrix, dose and time of intake, interactions with gut microbiota as well as other

polyphenols during digestion and absorption, there is increasing evidence that their biological activity may provide

significant health benefits . In addition to the bioactive compounds of RR there are post-ingestion

metabolites such as short chain fatty acids that are shown to confer potential health benefits .

Dietary fibers are another important bioactive component of RR in that they promote growth of healthy gut

microbiota , the composition of which has been shown to vary in individuals who are obese and/or have T2DM

. Dietary fibers including poly- and oligosaccharides remain undigested until reaching the large intestine where

microbiota-derived metabolites such as short-chain fatty acids (SCFAs) are produced. Such metabolites can be

utilized by the host for energy and decrease appetite through increased satiety and reduced production of the

hunger hormone ghrelin, as well as other potential mechanisms under investigation .

2.2. Proposed Health Benefits

There is evidence that the benefits of dietary berries can be feasibly attained through daily consumption of 40–250

g of fresh, frozen, or dried berries, or their extracts . Numerous health benefits have been documented from
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consuming RR and its bioactive constituents including improved glucose, insulin, and lipid metabolism, as well as

antioxidant, anti-inflammatory and signaling properties which have the potential to reduce the risk for and modulate

chronic metabolic diseases .

The proposed mechanism for the modulation of postprandial glycemia following consumption of dietary berries or

their extracts is the inhibition of the enzymes α-amylase and α-glucosidase to prevent glucose absorption in the

intestines . RR extracts may be more effective at inhibiting α-amylase than other berry extracts, while

anthocyanins, may enhance insulin secretion from pancreatic β-cells, thus improving insulin sensitivity .

Dietary berries may modulate lipid metabolism by increasing high-density lipoprotein cholesterol (HDL-c) through

amplified synthesis of apolipoprotein-A1 in liver cells, decreasing triglycerides through down-regulation of

transcription of genes involved in fatty acid synthesis, and through decreasing oxidative stress and inflammation in

cells and tissues . According to a meta-analysis of 32 randomized controlled trials, the attenuation of low-density

lipoprotein cholesterol (LDL-c) was greater in participants with signs of dyslipidemia, with results being specific to

anthocyanins purified from berry sources versus other food sources .

Most of the early research on RR focused on their antioxidant properties since oxidative stress and inflammation

constitute important features of various chronic diseases, including T2DM and CVD . An imbalance of reactive

oxygen species (ROS) to antioxidants can lead to oxidative stress and damage to cells and tissues. Lipid

peroxidation causes oxidized LDL-c accumulation, which can lead to plaque formation in arteries and stimulation of

pro-inflammatory genes. This activation of the inflammatory response can lead to the inflammation observed in

most chronic diseases . Anthocyanins have been shown to act as antioxidants when ingested, causing

increased synthesis of endogenous antioxidant enzymes such as glutathione peroxidase (GPx), catalase (CAT),

and superoxide dismutase (SOD). However, anthocyanins like other antioxidant compounds may produce a pro-

oxidant effect in very high doses. Those doses cannot practically be obtained via the diet, so the dietary intake of

anthocyanins poses no concern. Such concerns might become more of an issue if high levels of supplementation

are pursued. Anthocyanins have also been shown to reduce inflammatory cytokine gene expression in white

adipose tissue (WAT) . Ellagic acid has been shown to both reduce ROS production and inhibit the proliferation

of oxidized LDL-c. Therefore, dietary berries and their bioactive compounds play a role in protecting cells and

tissues during oxidative stress and assist in reducing inflammation .
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