
 Journal of Pharmacy and Nutrition Sciences, 2021, 11, 28-32  

28 

 

 

Published by SET Publisher 
 

Journal of Pharmacy and Nutrition Sciences 
 

ISSN (online): 1927-5951 
 

The Implications of Fruit and Vegetable Consumption in Patients 
with Diabetes 

Anne Misher1, Chelsea A. Keedy2, Mackenzi Lee Meier3,* and Phillip Greenspan1 

1University of Georgia College of Pharmacy, Athens, GA 30602, Georgia 

2Clinical Pharmacy Specialist Ambulatory Care, St. Joseph’s/Candler Health System, Savannah, 31419, Georgia 

3PGY2 Pharmacy Residency Ambulatory Care, St. Joseph’s/Candler Health System, Savannah, 31419, Georgia 

 
Article Info: 
 
Keywords:  
diabetes,  
flavonoids,  
pharmacology,  
nutrition  
Timeline: 
Received: March 03, 2021 
Accepted: May 11, 2021 
Published: June 02, 2021 
 
Citation: Misher A, Keedy CA, Meier ML, 
Greenspan P. The Implications of Fruit 
and Vegetable Consumption in Patients 
with Diabetes. J Pharm Nutr Sci 2021; 
11(1): 28-32. 
 

 

 
Abstract:  
 
It is widely accepted that the management of diabetes should include both 
pharmacologic and lifestyle modifications. However, these recommendations are not 
readily or consistently incorporated into clinical practice. Current guideline 
recommendations encourage an emphasis on nutrient-dense foods, which include 
those foods that tend to be high in flavonoids such as fruits and vegetables. 
Polyphenolic compounds in fruits and vegetables have been shown to affect the 
same biological processes as certain classes of pharmacological therapy used in the 
treatment of diabetes. A better understanding of the benefits of these compounds may 
help healthcare professionals, including pharmacists, communicate dietary 
recommendations to patients. 

DOI: https://doi.org/10.29169/1927-5951.2021.11.04 

 

 

 

 

 

 
*Corresponding Author 
E-mail: meierm@sjchs.org 
 

© 2021 Misher et al.; Licensee SET Publisher. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction 
in any medium, provided the work is properly cited.  



Journal of Pharmacy and Nutrition Sciences, 2021, Volume 11 

 

29 

INTRODUCTION 

The ideal management of diabetes is known to include 
both pharmacologic and lifestyle modifications [1,2]. It 
is optimal for patients to receive Medical Nutrition 
Therapy from a registered dietician. Medical Nutrition 
Therapy allows for a tailored and patient specific diet 
plan or suggestions to help with the symptoms and 
comorbidities of certain disease states [1]. Additionally, 
the entire health care team should be involved in the 
implementation of therapy to help patients achieve their 
goals. Current recommendations from the American 
Diabetes Association encourage an emphasis on 
nutrient-dense foods [1]. Nutrient dense foods include 
those foods which tend to be high in flavonoids such as 
fruits and vegetables. The American Association of 
Clinical Endocrinologists and American College of 
Endocrinology also recommend that patients with 
diabetes consume a plant-based diet that is high in 
fiber and phytochemicals/antioxidants while low in 
calories and glycemic index [2]. Better understanding of 
the benefits of these compounds may help healthcare 
professionals communicate dietary recommendations 
to patients.  

METHODS AND MATERIALS 

Two important clinical studies revealed that fruit 
consumption has significant beneficial effects on the 
progression of diabetes related complications. In 2014, 
Mahoney and Loprinzi studied the relationship between 
the consumption of whole fruits and vegetables in 
patients with diabetes and the extent of diabetes 
related retinopathy. After determining the patient intake 
of flavonoids, polyphenolic antioxidant compounds 
found in fruits and vegetables, they utilized the ETDRS 
(Early Treatment Diabetic Retinopathy Study) grading 
criteria to assess retinopathy [3]. The consumption of 
flavonoids was correlated with a significant decrease in 
diabetes biomarkers (C-reactive protein, hemoglobin 
A1C and fasting glucose) and reduced odds of 
diabetes related retinopathy by 30% [3]. Recently Du et 
al. (2017) performed a 7-year prospective study on 
approximately 500,000 Chinese adults [4]. 
Approximately 30,000 individuals were diagnosed at 
the start of the study with diabetes. They found that 
people with diabetes who consumed a high whole fruit 
diet had lower risks of microvascular (0.72 [0.61–0.87]) 
and macrovascular complications (0.87 [0.82–0.93]) 
and reduced all-cause mortality (adjusted HR = 0.83 
[95% CI 0.74–0.93] (p<0.001) [4]. 

Current pharmacological therapy may decrease 
mortality or the complications associated with diabetes 

by lowering plasma glucose concentrations and 
hemoglobin A1C [5,6]. Interestingly, certain 
polyphenolic compounds found in fruits and vegetables 
also affect the same biological processes. Numerous 
phytochemicals and extracts of a rather large variety of 
plants inhibit alpha-glucosidase and alpha-amylase 
limiting peak postprandial glucose absorption from the 
gastrointestinal tract, an effect similar to that of 
acarbose [7,8]. Phlorizin, a major polyphenolic 
compound present in apples, has been shown to inhibit 
sodium-glucose cotransporter-2 (SGLT2), reducing 
renal glucose reabsorption and promoting excretion of 
glucose mimicking the activity of the SGLT2 inhibitors 
(SGLT2i) [9,10]. Increased expression of PPAR-
gamma, similar to that observed with 
thiazolidinediones, has been observed with green tea 
(epigallocatechin gallate) while inhibition of dipeptidyl 
peptidase 4 (DPP-4) mediated by the DPP-4 inhibitors 
(DPP-4i) can also be observed by several plant species 
[11,12]. These observations suggest that 
phytochemicals from fruits and vegetables may 
moderate the disease state in a manner similar to that 
observed with pharmacological therapy. While 
incorporating these food groups into one’s diet alone 
would not lead to the efficacy seen with appropriate 
pharmacotherapy, the similar mechanism shared by 
these compounds lends credibility to their use in 
successfully augmenting the therapeutic benefits seen 
with pharmacotherapy.  

RESULTS AND DISCUSSION 

The mechanism by which plasma glucose lowering 
agents decrease the risk of diabetes related 
complications is due to the fact that there is less 
substrate for the non-enzymatic glycation and 
glycooxidation of proteins that occurs in nature, 
whether it is in occurring in food or in the human body 
[13]. This modification of proteins, classically studied by 
Maillard and Amadori, is now referred to as advanced 
glycation endproducts (AGE) [13-15]. This degree of 
glycation in patients with diabetes can be determined 
by the measurement of plasma hemoglobin A1C or 
measuring skin autofluorescence, which may be a 
better reflection of the extent of protein glycation 
[16,17]. The formation of AGE leads to their binding by 
a specific receptor class called receptor for advanced 
glycation endproducts (RAGE). This sets off pro-
inflammatory cascades which have been linked to 
disease progression [18,19]. The AGE-RAGE role in 
disease states is not restricted to diabetes; numerous 
studies have linked advanced glycation endproducts to 
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diseases ranging from osteoporosis to Alzheimer’s 
disease [20-22]. In osteoporosis, it is thought that the 
accumulation of AGEs induces the formation of 
covalent cross-links with proteins (collagen) weakening 
the structural integrity of bone [23]. In addition, their 
binding to RAGE alters bone remodeling and leads to 
bone deterioration [24]. AGE can also be found in our 
diet, especially in meat products, and are absorbed in 
the gastrointestinal tract. Dietary AGE have been found 
to be an important contributor to the body AGE pool; 
this is especially observed when meat products are 
fried or barbecued [25].  

While the phytochemicals in fruits and vegetables have 
similar bioactivities to that of The Food and Drug 
Administration (FDA) approved drugs that treat 
diabetes, polyphenolic compounds have one distinct 
property that is not observed with these glucose 
lowering agents. Polyphenolic compounds directly 
inhibit the non-enzymatic formation of advanced 
glycation endproducts; these molecules are capable of 
preventing the modification of the body’s proteins 
independently of their effects of lowering plasma 
glucose concentrations [26,27]. Glycation is especially 
observed in long-lived proteins such as collagen, lens 
crystallins and hemoglobin [28]. 

Reducing sugars, such as glucose and fructose, form 
advanced glycation endproducts when incubated with 
protein; a process that can be followed by monitoring 
specific chemical markers. For example, the formation 
of Amadori products is an indication of the early phase 
of the process, while the formation of pentosidine is 
indicative of a late phase of AGE formation [29,30]. The 
major experimental approach to study the glycation 
process involves bovine serum albumin (10 mg/ml), a 
fairly soluble plasma protein, being incubated in the 
presence of 250 mM glucose or fructose in the 
presence of phosphate buffer [31,32]. Since the 
physiological concentration of plasma glucose is less 
than 10 mM, the glycation process is greatly 
accelerated by the laws of mass action when the 
concentration of the reducing sugar is increased 25-
fold. After an incubation period of several days to two 
weeks at 370C, the glycation of the protein is detected 
by several different methods, ranging from the 
measurement of fluorescence intermediates at 370/440 
nm to the measurement of a specific adduct of 
glycation, N-(carboxymethyl) lysine [33]. There are 
several important characteristics of the non-enzymatic 
glycation process: 

1. The glycation reaction is metal dependent; the 
metal-chelating agent diethylenetriaminepenta 
acetic acid (DETAPAC), reduced the covalent 
attachment of glucose to bovine serum albumin 
by approximately 50% [34,35]. 

2. The process can be significantly inhibited by the 
presence of antioxidants. The most studied 
group are polyphenolic compounds found in 
nature. Mastsuda and coworkers examined the 
relationship between the flavonoid structure, the 
inhibition of protein glycation and radical 
scavenging properties of sixty-two flavonoids 
[36]. Flavonoids with significant superoxide 
radical scavenging activing tended to be strong 
inhibitors of AGE formation. It has been recently 
found that ellagic acid, found in pomegranates 
and berries, can inhibit glycation by over 90% at 
concentrations less than 10 µM [37,38]. 

3. Aldehydes, such as methylglyoxal, a well-studied 
intermediate in carbohydrate metabolism in 
mammals, are formed during the glycation of 
proteins. Methylglyoxal and other carbonyl 
groups, in the presence of a protein, can lead to 
the cross-linking associated with glycated 
proteins [34,40] Many inhibitors of the glycation 
are capable of binding these carbonyl groups 
and prevent the cross-linking associated with 
glycated proteins. These agents “trap” carbonyls 
and prevent the formation of N-(carboxymethyl) 
lysine [39] 

4. Pharmacological agents have been developed 
that are called “cross-link breakers”; these 
agents break established AGE cross-links 
between proteins [41]. Alagebrium (3-phenacyl-
4,5-dimethylthiazolium chloride, ALT-711) 
decreases the complications associated with 
glycation; for example, alagebrium has been 
shown to decrease myocardial fibrosis and 
Improve ventricular function [42]. This bioactivity 
has also been documented for certain 
flavonoids, contributing to their ability to 
decrease the glycation burden [41]. While clinical 
trials have been performed on these “cross-line 
breakers”, these studies have not resulted in any 
drug being approved by the FDA.  

CONCLUSION  

Evidence for the benefits of plant based foods to help 
control diabetes and the progression of diabetes 
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related complications continues to grow. Clinicians 
should be aware of the dietary choices that may benefit 
patients with diabetes. Pharmacists are in a unique 
position to educate the public and the health care team 
on the application of appropriate use of medications 
and diet in patients with diabetes. Pharmacists are also 
able to take into account the pharmacodynamic 
parameters of dietary compounds and proteins. It is 
important for the pharmacist to advocate for a team-
based approach when it comes to the appropriate 
management of diabetes, recognizing the role of both 
pharmacologic and non-pharmacologic modalities in 
the treatment of the disease state. Fruits and 
vegetables have long been known to be a beneficial 
component of a well-balanced diet. However, the 
intricacies of the mechanisms behind their benefits in 
patients with diabetes has not been previously 
described in detail.  

Evidence suggests that the incorporation of these fruits 
and vegetables into ones’ diet can lead to better 
outcomes and reduction of both microvascular and 
macrovascular complications in patients with diabetes. 
For patients, the explanation of these benefits and 
reduction of related comorbidities and overall mortality 
will likely be motivating in their efforts to make dietary 
adjustments and become more self-empowered in the 
management of their disease states.  
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