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ABSTRACT 
According to the World Health Organization diabetes will be the seventh leading cause of death worldwide in 2030. Majority 
of diabetic patients suffer from type 2 diabetes (T2DM), which is mostly avoidable. The most important modifiable risk 
factors of type 2 diabetes are: overweight and obesity, improper diet, sedentary lifestyle and tobacco smoking. Even in 
prediabetic state, improving diet and physical activity can slow down or even stop progression to diabetes. In the view 
of health burden of diabetes it is essential to thoroughly investigate the risk factors and develop more specific preventive 
strategies. Recently published studies focus on food groups rather than individual products to assess the link between 
nutrition and risk of type 2 diabetes. Identifying food groups of possible beneficial and deleterious effect on the risk of 
type 2 diabetes could facilitate the dietary counselling. The aim of the overview is to summarize the possible association 
between consumption of food groups on the risk of type 2 diabetes on the basis of available literature. Observations from 
studies and meta-analyses indicate on an inverse association between consumption of fresh vegetables and fruit, whole 
grains, lean dairy, fish, nuts and the risk of type 2 diabetes. Food groups that seemed to increase the risk of type 2 diabetes 
are: red and processed meat, refined grains, sugar-sweetened beverages. It is important to note, that no individual nutrients, 
but diverse dietary pattern, composed of every recommended food group in adequate amounts can contribute to healthy 
lifestyle and T2DM prevention.
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STRESZCZENIE
Według Światowej Organizacji Zdrowia (WHO) do 2030 roku cukrzyca stanie się siódmą z kolei przyczyną zgonów na 
świecie. Większość pacjentów cierpi na cukrzycę typu 2, której podłoże jest w dużej mierze modyfikowalne. Najważniejszymi 
modyfikowalnymi czynnikami ryzyka cukrzycy są: nadwaga i otyłość, nieprawidłowa dieta, brak aktywności fizycznej oraz 
palenie tytoniu. Wprowadzenie interwencji w zakresie poprawy sposobu żywienia oraz zwiększenia aktywności fizycznej 
wśród pacjentów ze stanem przed cukrzycowym może spowolnić lub nawet zatrzymać progresję do pełnoobjawowej 
cukrzycy typu 2. Z powodu ogromnego zagrożenia dla zdrowia publicznego, którego przyczyną jest stały wzrost zachorowań 
na cukrzycę, istnieje konieczność badania czynników ryzyka w celu opracowania skutecznych programów zdrowotnych. 
Niedawno publikowane badania analizujące związek pomiędzy żywieniem a cukrzycą typu 2, skupiają się na grupach 
produktów, a nie na pojedynczych składnikach pokarmowych. Identyfikacja korzystnych oraz potencjalnie szkodliwych 
grup produktów wpływających na ryzyko cukrzycy typu 2 może okazać się bardzo pomocna w poradnictwie zdrowotnym. 
Celem artykułu przeglądowego jest podsumowanie zależności pomiędzy spożywaniem poszczególnych grup produktów 
a ryzykiem cukrzycy typu 2 w świetle aktualnej literatury naukowej. Do grup produktów, które w badaniach oraz meta-
analizach powiązane są z niższym ryzykiem cukrzycy typu 2 należą: warzywa i owoce, pełnoziarniste produkty zbożowe, 
chudy nabiał, ryby oraz orzechy. Do grup produktów, które powiązane są z wyższym ryzykiem cukrzycy typu 2 należą: 
czerwone oraz przetworzone mięso, produkty zbożowe z oczyszczonego ziarna, słodzone napoje. Należy zaznaczyć, że nie 
pojedyncze składniki pokarmowe lecz zróżnicowana dieta, składająca się z zalecanych grup produktów w odpowiednich 
ilościach przyczynia się do prewencji cukrzycy typu 2.

Słowa kluczowe: cukrzyca, dieta, zapobieganie cukrzycy, ryzyko cukrzycy 
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INTRODUCTION

According to the World Health Organization 
(WHO), the most important modifiable risk factors of 
type 2 diabetes are: overweight and obesity, improper 
diet, sedentary lifestyle and tobacco smoking[1]. 
Recently published meta-analysis focus on food 
groups rather than individual products to assess the 
link between nutrition and risk of type 2 diabetes 
development[2]. According to the WHO improper diet 
is responsible for 4.6% of disability-adjusted life years 
(DALY), whereas overweight and sedentary lifestyle 
for next 3.7% and 1.4%, respectively[3]. Prevalence of 
diabetes increased over two-fold since the 80’s of XX 
century, from 4.6% of adult population in 1980 to 8.5% 
in 2014 [1]. Diabetes caused approximately 1.6 mln 
deaths worldwide in 2015, but it is estimated that high 
blood glucose could contribute to next 2.2 mln deaths 
related to i.e. cardiovascular diseases[1]. Impaired 
fasting glucose and impaired glucose tolerance 
preceding full-symptomatic type II diabetes are 
regarded independent risk factors for cardiovascular 
diseases[4], although in recently published meta-
analyses this association is not as strong as in the case 
of full-symptomatic diabetes[5]. The conditions of 
impaired fasting glucose or impaired glucose tolerance 
don’t necessarily mean inevitable progression to type 
II diabetes. Despite present disorders of carbohydrate 
metabolism, improving diet and physical activity can 
slow down or even stop progression to diabetes[6]. 
In the view of health burden of diabetes it is essential 
to thoroughly investigate the risk factors and develop 
more specific preventive strategies. Identifying food 
groups of possible beneficial and deleterious effect on 
the risk of type 2 diabetes could facilitate the dietary 
counselling. Literature databases including Scopus 
(https://www.scopus.com) and PubMed (https://www.
ncbi.nlm.nih.gov/pubmed/) were searched. Search 
terms used: “type 2 diabetes” OR “diabetes” OR 
“hyperglycemia” and terms related to food groups 
(“cereals”, “grain”, “vegetables”, “fruit”, “dairy”, 
“fish”, “meat”, “red meat”, “processed meat”, “eggs”, 
“poultry”, “fats”, “oil”, “nuts”, “sugar-sweetened 
beverages”). Search was limited to the literature 
in English language. Additionally, the references 
of withdrawn articles were searched. If available, 
randomized studies, prospective and cohort studies 
in human population, published no earlier than in 
2008 were prioritized. Well-conducted meta-analyses 
were also included in the search. The aim of hereby 
overview is to summarize the possible association 
between consumption of individual food groups on 
the risk of type 2 diabetes on the basis of available 
literature. 

Cereals

Dietary guidelines for diabetic patients [7], 
recommend increasing the consumption of whole 
grain products at the expense of refined grains. Whole 
grains in the contrary to refined grains are rich source 
of dietary fiber, resistant starch and various vitamins 
and minerals. Meta-analysis of 17 cohort studies 
performed by Yao et al. [8] indicates that increased 
consumption of dietary fiber decreases the risk of 
type 2 diabetes. According to Wirström et al.[9] 
consumption of whole-grain products decreases 
the risk of prediabetes. Chanson-Rolle et al.[10] in 
meta-analysis of prospective studies estimated that 
increasing the intake of whole-grain products up to 45 
g/d would lower the risk of type 2 diabetes by 20%. 
As a matter of fact, the consumption of whole-grain 
products in so-called “western diet” is rather low: in the 
USA 72% of Americans, at the age of 19-50 years and 
66% of those at the age of 50 years and older consume 
less than 0.6 serving (about 10.5g/d) of whole-grain 
products daily[11]. Meta-analysis conducted by 
Nettleton et al. [12] concluded that every additional 
serving of whole-grain products daily is associated 
with lower glucose concentration by 0.019 units and 
insulin concentration by 0.021 units. It is speculated 
that not only resistant starch and fiber present in 
whole-grain products are responsible for lowering the 
risk of type 2 diabetes, but also other compounds, such 
as: phytic acid, magnesium, zinc, calcium, selenium, 
tocopherols, phenolic acids, flavonoids, betaine, 
inositols and saponins[13]. It has been observed in 
human studies, that resistant starch improves glycemic 
control, but the exact mechanism is still an object of 
debate. Resistant starch, unlike regular starch, is not 
susceptible to digestion in stomach and small intestine, 
but is fermented by bacteria when it reaches large colon 
[14]. The main products of resistant starch’s breakdown 
are short-chained fatty acids (SCFA), such as acetate, 
propionate and butyrate. Products containing resistant 
starch are not only slowly digested, which leads to 
slower glucose release, but it is speculated that also 
SCFA, as a product of fermentation, influence glucose 
homeostasis in liver and muscles[15].

Dietary carbohydrates have the largest effect 
on postprandial glucose among macronutrients. 
Several decades ago the concept of Glycemic Index 
(GI) was introduced to rank the foods according to 
their postprandial glucose response[16]. Glycemic 
response after glucose consumption is considered 
reference value and equals a GI of 100. Soon after 
the concept of Glycemic Load (GL) was established, 
which combines the GI and amount of carbohydrates 
in the product. Glycemic response after consumption 
of carbohydrate product can be differentiated i.a. by 
starch composition, content of dietary fiber, simple 
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sugars, protein and fat content, processing, time of 
storage and harvest[17]. Whole-grain cereals, like rye 
bread, oatmeal, durum pasta, brown rice have low GI 
(<55), which reflects also their slower rate of digestion 
and absorption; whereas products of refined wheat, 
white rice, confectionery have high GI (>70)[18], 
which reflects their rapid digestion and absorption. 
According to study by Bhupathiraju et al.[19], who 
analyzed data from three large prospective cohort 
studies, participants who consumed diets of high GI 
or GL and low cereal fiber had 40% higher risk of 
T2DM than those whose diets were characterized by 
low GI, GL and high fiber. On the other hand, results 
from other studies focusing on association between 
GI, GL and risk of type 2 diabetes are inconsistent. It is 
speculated that the association can be gender-specific. 
In studies in women, there was observed that low-GI 
diet was associated with lower risk of type 2 diabetes 
[20, 21], whereas in large randomized study in men 
GI or GL were not associated with type 2 diabetes risk 
[22]. Although there is no global consensus on dietary 
guidelines in diabetes management, there are evidence 
from randomized controlled trials that diabetic patients 
can benefit from low-GI diets. In study by Jenkins et 
al. [23] low-GI diet over 6-month period in type 2 
diabetic participants resulted in lower HbA1c levels 
and  higher HDL levels in blood. In randomized study 
by Gomes et al. [24], low-GI diet over 1-month period 
in type 2 diabetic participants resulted in slightly 
reduced inflammatory response (by lower levels of 
IL-6 mRNA and TNF-α mRNA expressions) and 
reduced body fat. Randomized study by Ma et al.[25] 
also indicates that low-GI diet can be an alternative 
to American Diabetic Association (ADA) dietary 
guidelines in diabetes management, as it was just as 
good in controlling HbA1c levels with concomitant 
less diabetic medication than in participants with ADA 
diet. 

Dairy products

Dairy is a vast group of products and diverse in 
composition and nutritional value. All dairy products 
derive from milk. According to the meta-analysis 
conducted by Tong et al. [26], participants, who were 
characterized by the highest consumption of milk 
and dairy products had lower risk of the development 
of type 2 diabetes by 14% in comparison to those 
participants, who consumed less dairy products. 
The same authors concluded that inverse correlation 
between consumption of dairy products and risk of type 
2 diabetes, was only observed in the case of skimmed 
milk and low-fat dairy products – such association was 
not confirmed in the case of full-fat dairy products.  
It is speculated that high content of calcium and 
vitamin D are responsible for lowering the risk of type 

2 diabetes in mechanism of modulating the function of 
pancreatic beta-cells, increasing insulin sensitivity and 
decreasing systematic inflammation by influencing 
cytokine excretion [27]. On the other hand, in Women’s 
Health Study [28], the researchers observed the 
inverse association between the consumption of dairy 
products and risk of type 2 diabetes, independently 
from other factors, such as: intake of vitamin D, 
calcium and magnesium. It is speculated that not only 
vitamin D and calcium, but also other nutrients present 
in milk and dairy products play a role in regulation 
of carbohydrate metabolism, e.g. dairy proteins. There 
are some evidence, that whey protein can be associated 
with improved insulin sensitivity [29]. In study by Ryan 
et al., intraduodenal infusion of whey proteins, in loads 
resembling natural pace, resulted in increased release 
of cholecystokinin and glucagon-like peptide 1 (GLP-
1) and increased pyloric motility[30]. According to the 
findings from Nurse’s Health Study II [31], increased 
intake of dairy products in developmental age in 
women was associated with decreased risk of type 2 
diabetes in middle age. In Epic-InterAct Study[32] 
the consumption of total dairy was not associated 
with risk of type 2 diabetes, but if adjusted for types 
of dairy products, the consumption of fermented dairy 
products (cheese, yoghurt, thick fermented milk) was 
in fact inversely associated with risk of type 2 diabetes. 
Similar association was observed in three large US 
cohort studies. Although the consumption of total 
dairy was not associated with risk of type 2 diabetes, 
there was observed a significant inverse association 
between consumption of yoghurt and risk of T2DM 
[33]. Same authors concluded that every additional 
serving of yoghurt per day was associated with 18% 
lower risk of T2DM. Yoghurt is abundant source not 
only of calcium, magnesium and vitamin D, but also 
conjugated linoleic acid and probiotics. In addition, 
fermentation increases dietary value of yoghurt in 
comparison to milk, as fermentation can improve the 
bioavailability of some micronutrients, like calcium, 
magnesium and vit. B12 [34]. It is speculated that 
probiotics can play an important role in modulating 
the risk of T2DM. In double-blind, randomized 
study by Kassaian et al.[35], the group supplemented 
with symbiotic (a mix of probiotic and prebiotic) in 
comparison to placebo, was characterized by improved 
fasting plasma glucose and insulin levels, improved 
glycated hemoglobin levels and insulin sensitivity 
(assessed by HOMA-IR index). The exact mechanism 
underlying the association between consumption of 
probiotics and glycemic control remain unclear. The 
composition of macro- and micronutrients vary from 
one dairy product to another. Analysis of impact of 
total dairy on the risk could be misleading. Dietary 
guidelines emphasizes that not only healthy people, 
but also diabetic patients should consume 2-3 servings 

A. Basiak-Rasała, D. Różańska, K. Zatońska



4 No 4

of low-fat dairy products, like skimmed milk, yoghurt 
and other fermented dairy products [7, 36, 37]. 

Meat, fish, eggs

According to dietary guidelines, a food group 
including meat, fish and eggs (MF&E) shouldn’t be 
consumed in amounts exceeding 1 serving per day 
(100-150 g) [36, 37]. Additionally, it is advised, that 1-2 
times a week, a serving of MF&E should be replaced 
by a serving of legumes. MF&E are an abundant source 
of highly bioavailable protein, iron and vitamin B12 
[36]. Dietary guidelines for management of adults with 
diabetes by American Diabetes Association (ADA) 
emphasizes, that recommendations for intake of MF&E 
for diabetic patients don’t differ significantly from 
recommendations for general population. Diabetic 
patients are advised to choose leaner meats (e.g. 
poultry) over red meat and to choose leaner protein 
alternatives more often (e.g. legumes) [38]. In the 
study by Ke et al., higher intake of protein from plant 
sources (e.g. legumes) was associated with decreased 
risk of T2DM, on the contrary to higher intake of 
protein from animal sources (e.g. red meat)[39]. Same 
authors emphasized the importance of focusing on 
dietary patterns, rather than individual macronutrients. 
According to Feskens et al.[40] the intake of red and 
processed meat significantly increases the risk of 
type 2 diabetes. In the randomized cross-over study 
conducted by Kim et al.[41] among overweight 
participants; participants with impaired fasting 
glucose or impaired glucose tolerance; the diet rich in 
red and processed meat and refined grains applied for 
4 weeks, significantly increased insulin resistance in 
comparison to the diet rich in whole-grain products, 
skimmed dairy products, legumes and nuts. It was 
estimated  that improving dietary habits by the patients 
at risk of developing of type 2 diabetes was associated 
with 50% increase of insulin sensitivity after merely 
the month of diet [41]. Researchers didn’t observe 
changes in insulin sensitivity after implementing 
the diet in healthy subjects (without disorder of 
carbohydrate metabolism or insulin resistance). In 
the cross-sectional study by Zelber-Sagi et al. [42] 
total consumption of meat, but particularly red and 
processed meat was associated not only with increased 
risk of insulin resistance, but also non-alcoholic fatty 
liver disease, even after adjusting the analysis to 
Saturated Fatty Acids (SFA) and cholesterol content. 
Meat is a source of SFA and dietary cholesterol, but 
neither total dietary SFA [43], nor dietary cholesterol 
[44] have been associated with increased risk of 
T2DM in recent studies. Those conclusions were 
contrary to results obtained in the study by Guess et 
al. [45] in which researchers compared the intake of 
fatty acids between normoglycaemic participants, 

prediabetes participants and participants with type 
2 diabetes, and provided observation that increased 
consumption of saturated fatty acids was associated 
not only with higher risk of impaired fasting glucose 
and higher concentration of glucose after 2h in OGTT 
(Oral Glucose Tolerance Test), but also with insulin 
resistance. Moreover, higher consumption of trans-
unsaturated fatty acids increases the risk of impaired 
glucose tolerance after 2 h in OGTT, while increased 
consumption of polyunsaturated fatty acids (regardless 
of type) improves glucose tolerance, as well as the 
peripheral insulin sensitivity. There is a possibility 
that not the individual types of fatty acids, but in fact 
their dietary sources and other components can play a 
major role in modulating the risk of T2DM. Study by 
Wanders et al. [46] provided no association between 
intake of SFA, MUFA, PUFA and trans unsaturated 
fatty acids (TFA) and markers of T2DM (fasting and 
postprandial blood glucose and insulin, HOMA-IR 
and HOMA-B). Interestingly, stratification by dietary 
sources revealed that fatty acids originating from meat 
were positively associated with insulin resistance and 
secretion, but no such association was observed in case 
of fatty acids originating from dairy and plant sources, 
providing a conclusion that association between 
fatty acids and risk of T2DM may be dependent on 
dietary sources [46]. Results from Framingham 
Offspring Study indicated, that although total dietary 
cholesterol was not associated with increased risk 
of T2DM or impaired fasting glucose, in contrast, 
higher intake of fish, whole-grain products and fiber 
were associated with lower risk of T2DM [44]. Red 
and processed meat are also a source of heme iron, 
heterocyclic amines (HCAs) and nitrates, the excess 
of which can play role in deterioration of glucose 
metabolism[47], though in case of HCAa and nitrates, 
the evidence come mostly from animal studies [48, 
49]. The way, the meat is prepared also play a role in 
modulating the risk of T2DM. Processing meat (both 
red meat and chicken) on the open-flame and/or in 
high temperatures, like grilling/barbecuing/broiling 
was associated with increased risk of T2DM [50]. 
According to the findings from 25 years of observation 
in prospective study CARDIA [51] consumption of 
n-3 polyunsaturated fatty acids and fish (excluding 
fried fish) was associated with significantly lower risk 
of metabolic syndrome, impaired fasting glucose and 
impaired glucose tolerance. In Norwegian NOWAC 
study [52] researchers observed inverse association 
between consumption of lean fish and risk of type 2 
diabetes. Interestingly, in literature, studies focused 
mostly on fatty saltwater fish, as richer source of n-3 
polyunsaturated fatty acids than lean fish, and their 
protective role on the risk of metabolic syndrome. It 
is speculated, that lower content of contamination in 
lean fish, including heavy metals and higher content 
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of taurine (amino acid of potentially beneficial effect 
on the risk of metabolic syndrome and type 2 diabetes) 
than fatty saltwater fish can play role in understanding 
this association[52]. Interestingly, increasing 
fish consumption in the diet can be beneficial for 
management of T2DM complications. According 
to Chua et al. [53], increased fish consumption 
was inversely associated with severity of diabetic 
retinopathy, moreover, increased consumption of 
fish among diabetic patients without retinopathy was 
associated with wider retinal vascular caliber. Fish are 
an important dietary source of ω-3 polyunsaturated 
fatty acids (ω-3 PUFA) [36]. Increased consumption 
of ω-3 PUFA with the diet, but also lower ratio of 
ω-6/ω-3 fatty acids in the diet has been associated with 
lower risk of T2DM [54]. Moreover, in meta-analysis 
of randomized controlled trials by O’Mahoney et 
al., higher intake of ω-3 PUFA was associated not 
only with lower HbA1c levels, but also with lower 
levels of TNF-α and IL-6, inflammatory cytokines, 
which can contribute to vascular complications in 
T2DM [55]. According to the mentioned CARDIA 
study [51], increased consumption of n-3 PUFA was 
associated with lower risk of impaired fasting glucose 
and impaired glucose tolerance. On the contrary, 
Wu et al. [56] in a meta-analysis of 16 observational 
studies did not confirm neither positive nor negative 
influence of ω-3 PUFA (in this case combination of 
eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA)) on the risk of T2DM. Similarly, more 
recent meta-analysis failed to provide significant 
association between consumption of ω-3 PUFA and 
levels of HbA1c [57]. It is possible that influence of 
n-3 PUFA on risk of type 2 diabetes can be dependent 
of sex. According to a meta-analysis conducted by 
Abbott et al. [58], the consumption of n-3 PUFA was 
associated with lower risk of insulin resistance, but 
only in women, while in men such association was not 
observed.

Meta-analysis of prospective cohort studies 
conducted by Tamez et al. [59] concluded, that 
consumption of eggs is associated with higher risk 
of type 2 diabetes. On the other hand, the strongest 
correlation was observed in American cohort, but 
such association was not observed in other countries. 
Such observation could be explained by differences 
in composition of eggs between countries or other, 
country-specific factors in diet [59]. Wallin et al. [60] 
presented the same conclusion: during the Swedish 
cohort study (The Cohort if Swedish Men conducted 
in years 1998-2012 in group of 39 610 men) there was 
no association observed between consumption of eggs 
and risk of type 2 diabetes, but in conducted meta-
analysis the association was observed only in cohorts 
from the USA. 

Fats/oils

Analyzing an influence of fat, as an independent 
food group, on carbohydrate metabolism is rather 
complicated, because of heterogeneity of fats and 
differences in metabolic effects of individual fatty 
acids. Dietary fats are defined as every lipid, of 
animal or plant origin, consumed with food [61]. 
Dietary fat can be introduced in visible form of oils, 
butter or lard or as a constituent of other products, 
like meat, dairy, eggs etc. Since the influence of fatty 
acids as constituents of meat, fish and eggs have been 
elaborated in previous paragraph, this section will be 
focusing on oils. 

Vegetable oils, as a source of unsaturated fatty 
acids and vitamin E, are a recommended replacement 
for dietary sources of SFA, e.g. butter and lard, both 
in general population and diabetic patients[36–38]. 
Vegetable oils differ from one another regarding their 
composition and properties. Olive oil is a rich source 
not only of MUFA, but also bioactive compounds, 
like oleuropein and  hydroxytyrosol, which have 
been hypothesized to have antihyperglycemic and 
antioxidant effect [62]. Oleuropein and hydroxytyrosol 
administered to diabetic rats were associated with 
decreased serum glucose and improvement of 
oxidative stress parameters[63]. Higher adherence to 
Mediterranean Diet, characteristic for high intake of 
olive oil, fish, fruit, vegetables and wholegrains has 
been associated with lower risk of metabolic syndrome, 
including impaired glucose metabolism [64]. Results 
from 22 years of observation in Nurses’ Health Study 
indicate, that in women, increased consumption of 
olive oil was associated with lower risk of developing 
T2DM [65]. Rapeseed oil, which consists of 72.8% of 
MUFAs, 20.9% of PUFAs and only 6.3% of SFA [66], 
along with olive oil is recommended vegetable oil [36, 
37]. In a small, but randomized study by Nigam et 
al.[67] in men with non-alcoholic fatty liver disease, 
participants were divided into three groups receiving 
daily over the period of 6-months: 1) olive oil; 2) 
rapeseed oil and 3) other commonly used oils (mostly 
safflower). Authors observed that in olive oil group in 
comparison to rapeseed oil group and control, fasting 
insulin levels and HOMA-IR were significantly lower. 
Moreover, while comparing the results pre- and post-
intervention, authors observed that in rapeseed oil 
group, level of fasting blood glucose significantly 
decreased[67]. There are fewer studies focusing on 
association between risk of T2DM and consumption 
of n-3 PUFA from plant sources (predominantly with 
flaxseed oil) than from marine sources. According to 
Wu et al. [56] dietary consumption of α-linolenic acid 
(ALA) is modestly associated with decreased risk of 
T2DM. The richest plant source of ALA is flaxseed oil 
[68]. In randomized, double-blind study by Bloedon et 
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al. [69], addition of flaxseed to the diet of participants, 
resulted in improved insulin sensitivity (HOMA-IR 
index lowered by 23.7%). 

Fruit and vegetables

Fruit and vegetables are considered some of the 
most healthy dietary products. Dietary guidelines 
recommend to consume at least 400 g of fruit and 
vegetables a day [37, 61]. Mediterranean diet, which 
is rich in mono- and polyunsaturated fatty acids, but 
also fruit and vegetables is considered highly effective 
in prevention of cardiovascular diseases and metabolic 
syndrome [64]. Both fruit and vegetables are not only 
the source of the dietary fiber, but also antioxidative 
vitamins, flavonoids and minerals, which can contribute 
to their beneficial effect [61]. In the study conducted 
by Sotoudeh et al. [70] dietary total antioxidant 
capacity (DTAC) was associated with lower risk of 
prediabetes and fruits and vegetables were the most 
prevalent sources of antioxidant compounds in the 
diet of analyzed participants. Oxidative stress is one 
of the possible factors contributing to deterioration of 
glucose metabolism. Diet rich in flavonoids and other 
polyphenols have been associated with decreased risk 
of T2DM [71]. According to meta-analysis conducted 
by Wang et al. [72], increased consumption of raw 
fruit and vegetables is associated with lower risk of 
type 2 diabetes. Other meta-analyses, such as one by 
Shin et al.[73]did not confirm the association between 
consumption of fruit and vegetables and fasting plasma 
glucose. In randomized study conducted by Wallace et 
al. [74] increased consumption of fruit and vegetables 
in diet of the obese patients did not significantly altered 
their insulin sensitivity (during the study the body 
mass of participants did not change). In the study by 
Mamluk et al. [75] overall data from NIH-AARP and 
EPIC Elderly studies showed no association between 
consumption of fruit and vegetables and incident T2DM. 
Same authors emphasize however, that there have been 
large discrepancies between results from cohorts, and 
in fact, when considering NIH-AARP study alone, 
there was a significant inverse association between 
increased intake of fruit and green leafy vegetables and 
risk of incident diabetes among elderly [75]. In a study 
by Mursu et al. [76] conducted in men, higher total 
consumption of fruit, vegetables and especially berries 
was associated with lower risk of T2DM after mean 19.2 
years of follow-up. On the other hand, large prospective 
study conducted in Chinese women provided an 
observation, that high consumption of vegetables 
alone was associated with significantly lower risk of 
T2DM; for fruit authors found no such association [77]. 
Particular attention should be paid to legumes, like 
chickpeas, beans, soybean and lentils, which is a group 
of vegetables rich in protein and fiber, and characterized 

by low GI. Evidence from PREDIMED Study [78] 
indicate, that participants characterized by highest 
consumption of legumes and lentils had significantly 
lower risk of developing type 2 diabetes after median 
4.3 years of follow-up than participants, who were 
characterized by lowest consumption of legumes, even 
after adjusting the analysis for BMI and overall dietary 
pattern. In a meta-analysis by Jia et al. [79], higher 
consumption of cruciferous vegetables, but not citrus 
fruit was associated with significantly lower risk of 
T2DM. Authors speculated, that characteristic feature 
of cruciferous vegetables, content of isotiocyanates and 
indole-3-carbinol can play role in modulating risk of 
T2DM. As observed in animal studies, isotiocyanates 
may improve glucose tolerance and signaling [79].

Sugar-sweetened beverages

According to Singh et al. [80] the consumption of 
sugar-sweetened beverages (SSB) in high- and upper 
middle income countries accounts for 0.51 and 0.80 
serving/day, respectively (the average intake of SSB 
was the highest in the age groups of 20-39 years old 
exceeding 1 serving per/day). The availability of SSB 
between 1970 and 2005 increased by 19% in United 
States [81]. Meta-analysis of 11 prospective cohort 
studies performed by Malik et al. [82] indicates, 
that among participants who consumed beverages 
with added sugar in amounts of 1-2 servings per 
day, the risk of type 2 diabetes was higher by 26% 
in comparison to participants who consumed such 
beverages only occasionally (less than 1 serving per 
month). Ma et al. [83] in the analysis of 14 years of 
observations of Framingham Offspring Cohort study’s 
participants, concluded that increased consumption 
of sweetened beverages was associated with an 
increased risk of prediabetes and insulin resistance 
by 46% on the contrary to participants, who did not 
consume such beverages. In the study conducted by 
Anari et al. [84] consumption of sugar-sweetened 
beverages was associated with 5-times greater risk 
of abdominal obesity in diabetic patients, which 
was associated with increased insulin resistance and 
increased risk of cardiovascular events. SSB are rich 
in sucrose or high-fructose corn syrup (HFCS). High 
consumption of fructose is associated with increased 
risk of metabolic disorders, increased deposition of 
fatty acids in the visceral tissue, insulin resistance and 
glucose metabolism disorders [85].

Nuts

The association between consumption of nuts 
and seeds and the risk of type 2 diabetes is difficult to 
observe, as nuts and seeds differ from one another in 
terms of nutrients composition. Into this group we can 
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include tree nuts, like almonds, hazelnuts, walnuts, 
cashews, but also legume seeds, like peanuts. 

Some studies found an inverse association between 
the consumption of nuts and risk of type 2 diabetes 
among adult women[86], but not men [87]. On the other 
hand, there are meta-analyses, which failed to find an 
association between nuts consumption and the risk of 
type 2 diabetes [88]. There are studies investigating the 
impact of nut consumption on the glycemic control. 
Meta-analysis of 12 randomized controlled trials 
[89] concluded that increased consumption of nuts 
was associated with better glycemic control in type 2 
diabetic patients (median dose of 56g of nuts per day 
was associated with lower levels of HbA1c by 0.07% 
and lower fasting glucose level by 0.15 mmol/L). 
Consumption of nuts was associated with lower risk 
of cardiovascular diseases [90], presumably due to 
high content of beneficial mono- and polyunsaturated 
fatty acids as well as active non-nutritive compounds, 
like polyphenols, which improve oxidative stress 
and inflammation [91]. Since diabetes increases the 
risk of cardiovascular complications 2-4-fold [92], 
it is beneficial to include  nuts in the diet. Results of 
NHANES study provided strong inverse association 
between consumption of walnuts and T2DM, but 
what’s interesting, the effect was more profound 
in women than men [93]. Almonds are rich source 
of MUFA, PUFA, vit. E and minerals: magnesium, 
calcium, potassium [94]. Some studies show beneficial 
effect on glucose metabolism after the consumption 
of almonds: decrease in HbA1c levels [95], lower 
fasting insulin, fasting glucose and lower HOMA-IR 
index[96], whereas others fail to find an association 
between consumption of almonds and fasting glucose 
and insulin[97]. Walnuts, on the other hand, stand out 
from other nuts due to very high content of PUFAs 
(both n-6 and n-3 PUFAs). In two large prospective 
studies conducted in women in USA, consumption 
of walnuts was strongly inversely associated with the 
risk of T2DM, independently of BMI [98]. Peanuts are 
the richest source of protein among other nuts, they 
are also the source of MUFAs, PUFAs, potassium 
and magnesium [99]. In a study by Wien et al. [100] 
including peanuts into the diet of T2DM participants 
improved nutritional value of the diet, but did not 
significantly alter fasting glucose or HbA1c. 

CONCLUSION

There are observations from studies and meta-
analyses of an inverse association between consumption 
of fresh vegetables and fruit, whole grains, lean dairy, 
fish, nuts and the risk of type 2 diabetes. Food groups 
that seemed to increase the risk of type 2 diabetes are: 
red and processed meat, refined grains, sugar-sweetened 
beverages. It is important to note, that no individual 

nutrients, but diverse dietary pattern, composed of every 
recommended food group in adequate amounts can 
contribute to healthy lifestyle and T2DM prevention.
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