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ABSTRACT

Due to the increase of diabetic patients, especially type 2, we are now facing a global
pandemic. Diet control is the first line of treatment, and if planned well, can delay or alleviate
its complications, both micro- and macrovascular.

One of the main postulates in diabetes mellitus type 2 treatment is nutrition education,
glycaemic self-control and eventual adjustment of drug dosage. When making suggestions to
individuals about diet therapy it is very important to consider various individual, social and
economic characteristics.

There is no perfect diet for diabetics, or a dietary regime, which would properly
reflect a person’s individual needs, from clinical presentation to everyday life. There
is no perfect diet therapy suitable for every type 2 diabetic . However, the so-called
diabetic diet, avoiding the consumption of simple carbohydrates and refined starches, is
recommended to the majority of patients.

Therefore, anyone planning a diet for a type 2 diabetic should familiarize themselves with
the effects of macro- and/or micro-nutrients which have a clinical impact on type 2 diabetes.

Dietary therapy for patients with type 2 diabetes offers special dietary regimens such as
the Mediterranean diet, low-fat diet, vegetarian and vegan diets.

This review provides insights into particular nutrients and some dietary regiments,
including the Mediterranean diet, intermittent fasting and the Dietary Approach to Stop
Hypertension diet.

INTRODUCTION

Diabetes is one of the most serious and the most
common endocrine conditions with life-long con-
sequences [Heald AH et al., 2020]. Diabetes is a
general term for heterogenic metabolic disorders
which consequently cause chronic hyperglycae-
mia. Diabetes is mainly caused by insulin excre-
tion disorder or by insulin action disorder, al-

though, in most cases a combination of both fac-
tors prevail [Petersmann A et al., 2019]. According
to the World Health Organization (WHO) there are
several types of diabetes. Besides the most com-
mon type 2 diabetes (DMT2) and type 1 (DMT1)
there are hyperglycaemia first detected in preg-
nancy, hybrid forms of diabetes and other specific
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TABLE 1
Types and subtypes of diabetes mellitus [WHO, 2019]
Main Types Subtypes
Type 1
Type 2

Hyperglycaemia first - diabetes in pregnancy

detected in pregnancy - gestational diabetes

Hybrid forms - slowly developing immuno-
intermediated diabetes of
adults

- Type 2 prone to ketosis

- monogenic diabetes

- diabetes caused by drugs or
chemical reagents

- exocrine pancreas diseases

- diabetes related to infections

- endocrine disorders

- forms associated with
specific immunological
diseases

- other genetic syndromes
associated with diabetes

Other specific types

types of diabetes (e.g. monogenic diabetes, diabe-
tes caused by drugs or chemical reagents) (Table
1) [WHO, 2019]. Additionally, the so-called non-
classified diabetes and is used only temporarily if
there is no clear diagnostic presentation.

EpipEmioLocy: One among ten adult individu-
als has diabetes which amounts to approximately
61 million people. Amazingly, one among three
diabetics is not aware of their disease. Every 8 sec-
onds one person dies from diabetes in the age range
of 20-79 years. It has been reported that 4.2 mil-
lion people in the world die from consequences of
diabetes [IDE, 2021]. It is estimated that by the
year 2045, the number of diabetics will increase by
46%. At the moment, 10.5% of the adult popula-
tion in the world suffer from diabetes. The Interna-
tional Diabetes Federation predicted an increase of
diabetics from 536.6 million (2021) to 783.2 mil-
lion (2045) [IDF, 2021].

METABOLIC CHANGES AND COMPLICATIONS OF
DMT2: Various microvascular and macrovascular
complications are characteristic of diabetes. Mi-
crovascular complications are diabetic nephropa-
thy, retinopathy and diabetic polyneuropathy.
Macrovascular complications include myocardial
infraction, stroke and peripheral arterial disease.
Diabetics are at two to ten times higher risk for
developing macrovascular complications. Damage
to coronary and cerebral arteria are considered as
the leading causes of mortality among diabetic pa-

tients. Damage of the kidneys, eyes and nerves are
far more frequent than the previously mentioned
macrovascular complications, with a more signifi-
cant influence on mortality among diabetics [Cole
JB, Florez JC, 2020; Russel WR et al., 2016; Laz-
arou C et al., 2012]. According to one study,
around 50% of people are either diagnosed with
diabetes or have a positive family history for dia-
betes [Banjari I et al., 2023]. Non-alcoholic fatty
disease and DMT2 share some pathophysiology
processes, so it should be no surprise that almost
60% of patients with non-alcoholic fatty disease
patients are also diagnosed with DMT2 [Smuglov
EP et al., 2023].

PrINCIPLES OF DIET THERAPY USED IN DMT?2
TrReAaTMENT: One of the main postulates in DMT2
treatment is nutrition education, glycaemic self-
control and eventual adjustment of drug dosage. In
the last 40 years, a positive influence has been
shown of structured nutritional therapy education
on metabolic control and acute complications in
type 1 and type 2 diabetics. To ensure successful
implementation of nutrition education, additional
factors need to be considered such as where dia-
betics live, work, gain new knowledge and spend
free time. The right diet is an integral part of dia-
betic care, which can be considered as the core of
diabetes treatment. Over time, it has become obvi-
ous that diabetics who implement rules of proper
nutrition in daily life have improved outcomes of
their diabetic treatment as well as quality of life
[Powers MA et al., 2021]. When making sugges-
tions to individuals about diet therapy it is very
important to consider various individual, social
and economic characteristics. There is no perfect
diet therapy suitable for every type 2 diabetic
[Evert AB et al., 2019]. However, the so-called di-
abetic diet, avoiding the consumption of simple
carbohydrates and refined starches, is recom-
mended to the majority of patients.

ROLE OF PARTICULAR NUTRIENTS
IN DMT2 MANAGEMENT

Carbohydrates: Monosaccharides have a rapid
blood entry, e.g. glucose, fructose and galactose,
but disaccharides (e.g. sucrose and lactose) and
polysaccharides (e.g. starch), first need to degrade,
primarily to glucose, to enter the blood. The total
daily amount of energy, 45-60% originates from
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carbohydrates. Fruits, vegetables, legumes and
whole grains, due to high content of complex car-
bohydrates, should be prioritized in a daily diet.
Another favourable feature of these foods is high
content of dietary fiber. Recommended daily in-
take of fiber should range between 25 and 30 g/
day, but can be higher for men or specific cases,
like in weight reduction diets. Daily recommen-
dations of dietary fiber are 25 to 30 grams daily.
Half of the dietary fiber needs to be in the soluble
form (e.g. pectin, inulin) from fruit and vegetable
sources. A ratio of 15 grams of carbohydrates to 3
grams of dietary fiber can be used as a feasible
guide. Soluble dietary fiber and resistant starch
give more energy in comparison to insoluble di-
etary fiber. Around 50% of dietary fiber in daily
meals needs to originate from cereals, 30-40%
from vegetables, and around 16% from fruits
[Malkki Y, 2004]. Type 2 diabetics had their blood
glucose level reduced by 1.2, 2.2 and 2.3 mmol/L
as a result of B-glucans consumption in the amount
of 4.0, 6.0 and 8.4 grams [Dungan KM et al.,
2009]. During stress situations, hormones are
synthesized in the liver, such as cortisol and cat-
echolamine as well as cytokines which conse-
quently increase blood glucose [ADA, 2021].
There is empirical evidence that obesity leads to
insulin resistance which is a characteristic of
DMT2. Therefore, it is very important that all
meals are rich in dietary fiber in diabetic therapy.
Decrease in blood glucose level leads to decrease
of insulin resistance. That way, blood pressure as
well as lipid levels can be made to decrease. Nu-
tritional therapy of patients should be rich in di-
etary fiber, low in fat amounts and have a limited
amount of protein. The diet must be adapted to
medication or insulin therapy as well as to organ
damage, if present.

Every diabetic should follow a daily dietary
plan (dietary pattern) and go through dietary
counselling and fundamental education about nu-
trition basics. Body mass should be measured ap-
proximately once a week. Self- measurement of
blood glucose concentration in serum with glu-
cose home monitors provide patients with knowl-
edge on how to adjust food choices to expected
range of blood glucose concentrations. That way,
patients can avoid undesirable changes in blood
glucose concentration due to changes in meal

times, physical activity or medication. There is
also an alternative way of measuring glucose con-
centration by patient’s urine. If the glucose con-
centration is more than 10 mmol/L, kidneys excrete
glucose in urine. Research shows that regular mea-
suring of blood glucose level on daily basis is in
positive correlation to HbA:C value in DMT1 and
DMT2. Itis still not clear what the optimal level of
blood glucose is for diabetics. For type 2 diabetics
who are on insulin, ADA recommends daily mea-
suring of blood glucose concentration. Diabetics
who regulate blood glucose concentration just by
medication should measure blood glucose concen-
trations before breakfast and two hours postpran-
dial one or two times a week. Diabetics treated
with medication and insulin therapy should mea-
sure blood glucose before every meal and before
bedtime one or two days a week. As an alternative,
patients using medication and insulin, can measure
once daily but in different times of the day. Despite
various recommendations, it is obvious that insulin
dependent patients should measure blood insulin
concentration far more frequently than those who
are non-insulin dependent. Diabetes monitoring is
an important part of therapy; it provides informa-
tion on blood glucose concentration before and
after meals throughout the day and about foods in
meals, their quantities and frequency of consump-
tion (e.g. stress conditions, physical activities or
some acute illnesses) [Chiu S et al., 2014; ADA,
2022, Sanchez J et al., 2023]. Replacing carbohy-
drates by the same quantity of fructose resulted in
a significant decrease (0.53%) in HbA.C concen-
tration. Fructose intake should be supervised be-
cause an increase of fructose intake leads to the
increase of hepatic lipids as well as Glutamate —
Pyruvate Transaminase [St-Onge MP, 2005].
Fats: Daily consumption of fats should not ex-
ceed 35% of the total energy intake for diabetics.
Saturated fats (e.g. from animal foods) or unsatu-
rated fats (from e.g. plant foods), have an upper
limit of 10% of the whole energy intake. Possible
risk factors for development of DMT2 are satu-
rated fats and high total fat intake. Possible pro-
tective factors are -3 fatty acids. Fatty acids
with a higher number of double bonds (e.g.
o-fatty acids) are more susceptible to oxidation
and have a negative impact on body cells causing
oxidative stress. Therefore recommendations for
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omega-3 fatty acids are lower than for simple un-
saturated fatty acids. ®-3 fatty acids (e.g. arachi-
donic acid) are named essential fatty acids be-
cause our organism is not able to synthesise them,
so it is totally dependent on the daily food intake
[Meikle PJ, Summers SA, 2017]. Saturation and
fatty acid chain length are the “biosignature* of
insulin resistance, together with pro-inflamma-
tory cytokines [Evans RM et al., 2004]. PPARs
(Peroxisome Proliferator-Activated Receptors)
are initiated through the presence of fatty acids
and influence the glucose level in plasma because
they regulate gene expression associated with
glucose metabolism [Villarreal-Renteria Al et al.,
2022]. Short chain fatty acids are absorbed in
blood in an easier way than long chain fatty acids.
Trans-fatty acids have a negative effect on human
health and their origin is in industrial processes
of fat hydrogenization. These types of acids have
to be less than 1% of daily energy intake. Medium
Chain Fatty Acids (e.g. in milk, fat, coconut oil)
come into the liver through portal vein in com-
parison to Long Chain Fatty Acids (e.g. olive oil,
fish, nuts, avocado) which first undergo esterifi-
cation and after it incorporate in chylomicrons.
The liver is the site of Medium Chain Fatty Acid
oxidation, where it will be used as a source of
glucose. Diabetics usually have a low level of
HDL and a high level of LDL and atypical level
of triglycerides. Supplementation of ®-3-fatty
acids (e.g. in soya oil, salmon) lower the level of
triglycerides [Barre DE et al., 2008; Koloverou E
et al., 2014; Roopashree PG et al., 2021]. If ®-3-
fatty acids are taken at meal times, it lowers the
blood lipid levels in DMT2. It is a lot easier to
substitute saturated fatty acids with polyunsatu-
rated fatty acids in daily dietary habits in com-
parison to introducing of low fat food. Eating
habits can influence the structure of the lipids
cell-membrane and consequently have a positive
influence on insulin action especially taking
Mediterranean diet into consideration [ Schrdder
H, 2007; Ooi E et al., 2015]. If saturated fatty
acids are more often replaced with unsaturated
fatty acids, insulin sensitivity is improved. ®-6
fatty acids (e.g. in sunflower oil) are able to de-
crease levels of LDL cholesterol in comparison to
mono-saturated fatty acids (e.g. in olive oil)
[Kratz M et al., 2002; Guadarrama-Lépez AL et

al., 2014]. Daily meals abundant in Eicosapentae-
noic acid (EPA) and Docosahexaenoic acid
(DHA) is recommended for type 2 diabetics,
which can decrease postprandial insulin action.
During diet, rich in mono-unsaturated fatty acids
(e.g. in avocadoes and olives) HDL cholesterol is
significantly increased [Liu G et al., 2019]. Stone
fruit has a very low concentration of saturated
fatty acids a lot of monounsaturated fatty acids
(e.g. oleic acid) and polyunsaturated fatty acids,
so stone fruit is able to decrease LDL-concentra-
tion and reduce cholesterol absorption. Stone
fruit has a positive impact on inflammation fac-
tors in the human organism (e.g. CRP, IL-6).
There are a lot of inflammation inhibitors in stone
fruit such as -3-fatty acids, dietary fiber magne-
sium and arginine. Arginine is a substrate for en-
zyme NO-Synthase (Nitric Oxide Synthase) be-
cause it produces Nitric Oxides (NO) which is
very important in vascular motility [Gannon MC,
Nuttall FQ, 2006; Salas-Salvadé J et al., 2006].
Proteins: Although proteins are not capable of
increasing blood glucose level, they can provoke
insulin excretion. It is well known from the 1920°’s,
that after the ingestion of 50 grams of animal pro-
tein, glucose was stable for the next 5 hours. This
can be explained by the fact that synthesis of glu-
cose from proteins via gluconeogenesis, is a very
slow process [Zhao WT et al., 2018]. The amount
of energy obtained from low protein or high pro-
tein diet has no effect on glycaemic variability of
type 2 diabetics [Virtanen HEK et al., 2017]. High
protein intake through prolonged period of time,
unfortunately, leads to insulin resistance but low
protein intake has the opposite effect. Animal pro-
teins which originate from meat (e.g. fabricated
red meat) are in correlation with an increase in
DMT2 and inversely animal proteins from dairy
products (e.g. yoghurt) are in correlation with the
decrease. Plant proteins (e.g. legumes) always
have the opposite effect then animal proteins which
originate from red meat, which could be to some
extent explained through the fact that plant pro-
teins are usually surrounded by some important
bioactive compounds (e.g. polyphenols). Egg pro-
teins significantly correlated with lower risk for
the development of DMT2 [Potier M et al., 2009].
Branched-chain amino acids (BCAA) of plasma
(e.g. valine, leucine and isoleucine) are increased
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with food intake and have positive effects on glu-
cose control in type 2 diabetics, influencing dis-
charge of ghrelin, leptin and GLP-1 [Chen Z et al.,
2020]. Residents of some sea boarding countries
(e.g. Greenland) have a lower number of DMT?2
cases due to frequent fish intake. Proteins should
be reduced in relation to kidneys impairment. Nec-
essary reduction of body weight can be obtained
by the increase of protein content in daily energy
intake from 15-20% to 25-32% if kidneys are func-
tioning properly [Koppes LLJ et al., 2005].

Alcohol: There is a U-shaped relationship be-
tween high alcohol consumption (>48 g/day) and
insulin resistance which is crucial for the meta-
bolic syndrome and diabetes [Ajani UA et al.,,
2000]. Daily recommendation of alcohol intake for
persons living with DMT2 is 20 g/day (e.g. two
glasses of wine) for men and 10 g/day for women
at least 3-4 days per week [Hendriks HFJ. 2007].
This protective effect of alcohol, when consumed
according to daily recommendations, is probably
caused by high excretion of adiponectin and by
anti-inflammatory effects in various organs [Shai 1
et al., 2007]. In a research conducted on type 2
diabetics, the recommended amount of wine (150
ml/day through 3 months) resulted in a significant
decrease of fasting blood glucose level (9.2%) as
well as HbA:C concentration and LDL-cholesterol
concentration. When choosing wine it is important
to choose “dry wines” because their sugar content
is very low in comparison to “sweet wines” be-
cause the majority of sugar is fermented into alco-
hol. When drinking “dry wines”, according to rec-
ommendations, there is a negligible risk of exces-
sive sugar consumption [Knott C et al., 2015].
Reasonable consumption of alcoholic beverages,
as part of the Mediterranean diet is related to lower
risk of DMT2 [Pedersen-Bjergaard U et al., 2005].
Large consumption of alcohol can decrease blood
glucose, especially during the night, so a meal is
recommended prior drinking alcohol [Poudel RR
etal., 2017].

Minerals: Zinc has a role in synthesis and ex-
cretion of insulin. Zinc-Insulin complexes are
present in the pancreas cells (both o and ) and
after insulin excretion, zinc is in the free form
and incorporates again in the pancreatic tissue.
Zinc protects pancreatic B-cells from oxidative
stress and inflammation and reduces lipid peroxi-

dation because it protects thiol (-SH) groups
[Maret W, 2008; Wang Y et al., 2020]. Selenium is
able to simulate insulin functioning and get in-
volved in metabolic pathways like glycolysis,
glycogenesis, fatty acid synthesis and pentose
phosphate pathway. It is suggested that selenium
has a preventive influence on DMT2 through its
antioxidative potential. When selenium is used as
a food supplement, it has become obvious that
levels of oxidative stress (and NF-kB) decreases
[Campbell SC et al., 2008; Mokgalaboni K, Pho-
swa WN, 2022]. Iron can catalyse hydroxyl radi-
cals and impair lipids in the cell membrane, pro-
teins and nucleic acids thus causing insulin resis-
tance. Glucose production in the liver can be su-
pressed through iron (ferritin), accumulation in
the liver, consequently leading to insulin resis-
tance [Forouhi NG et al., 2007; Hajhashemy Z et
al., 2022]. Patients with low blood concentrations
of calcium have different concentrations of intra-
cellular calcium concentration in pancreatic p—
cells, which also consequently leads to insulin
resistance [Pittas AG et al., 2007; Ekinci EI et al.,
2011]. Daily intake of sodium in type 2 diabetics
should not be below 1,500 mg/day because of so-
dium excretion in the urine and increased regis-
tered number of deaths [Li L et al., 2022]. Lower
sodium consumption has beneficial effects on
HbA:C regulation in type 2 diabetics [Chagas
CEA et al., 2012].

Vitamins: Vitamin D controls calcium flow
through the pancreatic -cell membrane, and pe-
ripheral insulin cells [Chagas CEA et al., 2012].
There is a significant correlation between vitamin
D deficiency and DMT2. Type 2 diabetics have
lower concentrations of vitamin D in blood as
compared to healthy individuals [Li L et al., 2022;
Pittas AG et al., 2007]. In vitro studies showed that
disturbances in insulin secretion correlate to de-
creased level of vitamin D in blood which can be
corrected with vitamin D supplementation [Gi-
ulietti A et al., 2004], probably via vitamin D Re-
ceptors (VDR) present in pancreatic P-cells
[Ortlepp JR et al., 2003; Zeitz U et al., 2003]. Vi-
tamin D Receptorsregulates up to 3% of the human
genome which includes genes responsible for glu-
cose and lipid metabolism as well as for blood
pressure regulation [Freundlich M et al., 2008].
Vitamin D Receptors can be present in 38 various
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types of tissue (e.g. intestine, kidneys, parathyroid
glands) where it controls genes related to oxidative
damage, chronic diseases and inflammation pro-
cesses [Haussler MR et al., 2008]. Vitamin D Re-
ceptors gene mutations showed a strong correla-
tion to insulin resistance in animal and human
models [Ortlepp JR et al., 2003; Zeitz U et al.,
2003]. Vitamin D deficiency elevates parathyroid
hormone level and consequently elevates calcium
level. The elevated calcium level hinders insulin
binding on Glucose Transporter Type 4, but dis-
ables their ingestion in cells [4lvarez JA, Ashraf A,
2010]. Vitamin D has a negative correlation to cy-
tokines (e.g. TNF-a, IL-6) which are associated
with insulin sensitivity through Peroxisome Prolif-
erator-Activated Receptor [Galmés S et al., 2018].
Vitamin E, in comparison to other fat soluble vita-
mins (D, K and A), is relatively non-toxic. Vitamin
E taken regularly as a supplement, showed a sig-
nificant decrease of fasting glucose and HbA1C
concentrations after a three month intake. The
most important role of vitamin E is accumulation
of Reactive Oxygen Species which consequently
inhibit peroxidation of polyunsaturated fatty acids
integrated in membrane lipids [Shinde SN et al.,
2011]. Vitamin E also has a role in insulin sensitiv-
ity and decreases blood glucose and HbA.C
[Landrier JF et al., 2009].

Probiotics: There are certain anomalies in the
intestinal microbiome of type 2 diabetics. A few
microorganisms, among which is bacteria Akker-
mansia muciniphila, which are capable of dietary
fiber fermentation into short-chain fatty acids, pri-
marily butyrate as well as [McFarland LV et al.,
2018]. Butyrate has a property of a signalling mol-
ecule which regulates excretion of pro-inflamma-
tory cytokines (e.g. interleukin-18), satiety through
glucagon-like peptide 1 and histone acetylase in-
hibitor. If probiotics, with similar composition of
intestinal anaerobic bacteria as in healthy individ-
uals, were taken by type 2 diabetics, butyrate pro-
duction and glycaemic control can be improved.
Probiotics can serve as a good alternative instead
of microbiome transplantation since it appears to
have promising effects [Koh A et al., 2016;
Kolodziejczyk AA et al., 2019]. An increased num-
ber of Akkermansia muciniphila correlates signifi-
cantly with the usage of the antidiabetic drug met-
formin, and it is considered to serve as a good sup-

port for this drug [Shin NR et al., 2013]. Research
from 2020 showed that a probiotic formulation
WBF-011 (containing dietary fiber inulin, Akker-
mansia muciniphila, Clostridium beijerinckii,
Clostridium butyricum, Bifidobacterium infantis
and Anaerobutyricum hallii) showed a significant
decrease in postprandial glucose concentration
[Kasinska M, Drzewoski J, 2015; Zhang Q et al.,
2016; Yao K et al., 2017; Tao Y et al., 2020]. Pro-
biotics (containing genera Lactobacillus and Bifi-
dobacterium) showed a decrease in fasting glucose
in type 2 diabetics [Bock PM et al., 2021; Rittipa-
hiroj T et al., 2021]. That could be explained by
the fact that short chain fatty acids (e.g. propio-
nate, acetate and butyrate) in the gut microbiota,
bind on GPR-43 (G-Protein-Coupled Receptor 43)
and induce excretion of the hormone GLP-1, which
stimulates insulin production in type 2 diabetics
[Tilg H, Moschen AR, 2014].

SpPECIFIC DIETARY REGIMENTS AND DMT?2
MANAGEMENT

Mediterranean Diet: The main characteristic of
this type of diet is the consumption of unprocessed
foods such as cereal, legumes, vegetables, nuts,
fruits and fish. It is an eating pattern rich in fats
mainly from simple unsaturated fatty acids from
olive oil. Red meat is consumed in low amounts.
Milk and dairy products can be consumed in low to
moderate amounts. Alcohol (e.g. red wine) can be
consumed during the main meals in moderate
amounts. In order to emphasize the multicultural
importance of the Mediterranean diet, we can name
the Mediterranean cuisine of Croatia, Morocco, Cy-
prus, Spain, Greece, Italy and Portugal which have
become a non-material cultural heritage of the
United Nations Educational, Scientific and Cultural
Organization (UNESCO) since the year 2013. Re-
garding fats, olive oil has a special place in this diet
and minimum of four spoons are recommended
daily. Saturated fatty acids are in disproportion to
unsaturated fatty acids which represent the main fat
sources. Fats should represent 30% of total energy
intake. When it comes to fruits and vegetables, a
minimum of 5 portions of fruit and vegetables are
required daily. Seasonal fruits and vegetables should
be eaten in raw form if possible. Vegetables should
be included in almost every meal of the day. A max-
imum of tree portions of nuts (e.g. walnuts, hazel-
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nuts, almonds and peanuts) are recommended. Re-
garding dairy products, maximum two portions are
required daily and low fat dairy products should be
given preferential treatment (e.g. low fat cheese).
Regarding cereal products, 1-2 portions are required
in the main meal and whole grain cereals are recom-
mended. Some cereal products (e.g. rice, couscous,
pasta without eggs) should be consumed inter-
changeably. Considering legumes (e.g. kidney
beans, green peas, soybeans), the recommendation
is to consume them 3 times per week. In the cate-
gory of “fish, meat and eggs“, fish should be eaten
more frequently (minimum 3 portions per week) in
comparison to meat (2-3 portions per week). Poul-
try (2-3 portions per week), should be consumed
more, in comparison to red meat. Processed meat
products (e.g. ham, sausages, salami) should be
consumed less than 70 g/day. Eggs can be used as
an alternative to fish and meat, and recommenda-
tions are 2-4 eggs per week. Sweets should be con-
sumed to a maximum of 3 portions per week and
should be replaced by fresh fruit if possible. Alco-
holic beverages (e.g. wine) should be consumed
daily, two glasses for men and one glass for women.
Non-alcoholic, sweet beverages should be avoided
[Bach-Faig A et al., 2011; Banjari I et al., 2013;
Mattioli AV et al., 2017]. Mediterranean diet showed
positive correlation to glycaemic variability
[Wheeler ML et al., 2012], and it is considered as a
Low Carb Diet. This principle was shown to be the
best method to decrease fasting blood glucose, con-
sequently reducing HbA.C concentration [Schwing-
shackl L et al., 2018a; Neuenschwander M et al.,
2019]. Close monitoring of metabolic indicators
(e.g. glucose, lipids, uric acid) in diabetics practic-
ing the Mediterranean diet is recommended
[Schwingshackl L et al., 2018b]. Decreased con-
sumption of carbohydrates resulted in lower HbA:1C
concentration during 12 months or longer adherence
to this principle [Snorgaard O et al., 2017].

Low Fat Diet: The goal of a low fat diet is to
restrict fat consumption to 60g/day or 500kcal/
day. At the beginning of this type of diet, low fat
sweets are not averted, but if individuals have a
problem with losing weight, low fat sweets should
be restricted. The basic requirement for weight
loss is a daily intake of water or another energy
free beverage in the amount of 2-3 litres daily.
Even high fat foods (e.g. cheese, chips, sausages)

can be consumed if the initial requirement for the
total fat consumption is satisfied. Regardless of
this, the consumption of saturated fats will de-
crease. Since carbohydrates carry majority of the
energy, consumption of dietary fiber, folic acid,
vitamin C, magnesium and potassium is achieved.
To ensure sufficient vitamin E intake, olive oil is
recommended [Jéquier E, Bray GA, 2002]. All
foods that have 3 g of fat per 100 kcal are consid-
ered as low-fat foods (e.g. legumes, fruits vegeta-
bles, chicken breasts without skin, seafood) [Roust
LR et al., 1994; Bhandari P, Sapra A, 2023]. Rec-
ommended foods include low fat milk and dairy,
lean meat, starchy vegetables (e.g. potatoes, beans,
sweet potatoes) and whole grain cereals (e.g. whole
grain oats, wheat, rice) [Van Zuuren EJ et al,
2018, Goldenberg JZ et al., 2021]. This type of
diet does not show such successful results in com-
parison to Low Carb Diet [Ge L et al., 2020].
Vegetarian and Vegan Diets: A vegetarian diet
has a decreased level of total fats, saturated fatty
acids and cholesterol. This type of diet is abundant
in dietary fiber, magnesium, potassium, vitamins C
and E, folic acid and flavonoids. On the other hand,
it has a low content of proteins, saturated fats, ®-3-
fatty acids, vitamin A, vitamin B12, zinc, iron and
iodine [Craig WJ, 2009]. Various forms of vegetar-
ian diet exist, with lacto-ovo vegetarian diet being
the most frequent. In lacto-ovo vegetarian diet, ani-
mal foods such as milk (lacto) and eggs (ovo) are
frequently eaten but meat, fish and related products
are avoided. A lower intake of saturated fats and
cholesterol and an increased intake of dietary fiber
and phytochemicals is highly recommended [Craig
WJ, Mangels AR, 2009]. Lacto-vegetarians gener-
ally avoid eating meat, fish and eggs. Ovo-vegetari-
ans avoid eating meat, fish and milk. Pudding veg-
etarians frequently eat processed meat substitutes
which have negative consequences to their health.
Pesco-vegetarians are considered to eat more than
50 grams of fish daily. They eat milk, dairy prod-
ucts, eggs, fish and seafood. Vegans avoid consum-
ing all animal products such as meat, fish, milk,
honey and eggs. The vegan diet, in comparison to a
vegetarian diet, has an increased daily intake of
magnesium, folic acid, vitamin C, vitamin E, iron
and phytochemicals. Compared to a vegetarian diet,
it has a lower total daily energy intake, less satu-
rated fats, cholesterol, w-3-fatty acids, vitamin D,
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calcium, zinc and vitamin B12. It is well known that
vegetarians have a lower concentration of lipids in
plasma compared to omnivores [Craig WJ, 2009;
Chiu THT et al., 2018]. Vegetarian and Low Fat
Vegan Diet positively correlate with glycaemic vari-
ability in type 2 diabetics only when reduction in
body weight is achieved, which is the usual outcome
of these diets [Kahleova H et al., 2011]. Vegetarian
and Vegan Diet were able to decrease HbA:1C con-
centration from 0.3 to 0.4% in type 2 diabetics
[Viguiliouk E et al., 2019].

THE DIETARY APPROACH TO STOP HYPERTENSION
(DASH) REGIME

The DASH diet is a combination of low fat and
high fruit and vegetable consumption. The daily in-
take of saturated fatty acids should be < 7%. The
DASH diet reduces the total daily intake of sodium
(no more than 2.3 mg of sodium) and consequently
leads to a decrease in blood pressure [Sacks FM et
al., 2001]. This type of diet encourages consumption
of fruit, vegetables and low fat or fat free milk and
dairy, as well as whole grain cereals, poultry, lean
fish and nuts. Red meat, confectionary products and
sweet drinks are not recommended. Therefore, the
DASH diet is poor in saturated fatty acids, total fats
and cholesterol, while at the same time being rich in
potassium, magnesium, proteins and dietary fiber
[Siervo M et al., 2015]. Because it is based on plant
foods, it is generally accepted by vegetarians and
vegans [Ha SK, 2014]. Besides drop in blood pres-
sure, decrease of adipose tissue is expected due to
high consumption of foods rich in dietary fiber [Sacks
FM et al., 2001]. The DASH diet showed an im-
proved HbA:C concentration in type 2 diabetics
[Azadbakht L et al., 2011; Jacobs S et al., 2015].

INTERMITTENT FASTING

Although intermittent fasting cannot be classi-
fied as an eating pattern, it should be mentioned in
this review, because there has been a rising atten-
tion towards this matter among diabetics since the
last few years [Evert AB et al., 2019]. Intermittent
fasting is a wilful avoidance of food during a cer-
tain period of time. If this fasting is conducted
well, there is no feeling of hunger [Longo VD,
Mattson MP, 2014]. The breaks between meals can
last from 16 to 48 hours. The most well-known in-
termittent fasting method is “alternative day fast-

ing” when in a period of two days per week which
follow one another and only 20%-25% of energy
requirement is consumed. The use of the Mediter-
ranean diet eating pattern is recommended during
the intermittent fasting. On fasting days it is rec-
ommended to drink a lot of beverages (at least 2
litres per day) without sugar (e.g. water, tea, cof-
fee, instant hot chocolate, low in energy value) as
well as eating small meals rich in nutrients and low
in carbohydrates (e.g. dairy products with low fat
content, unpeeled apples, nuts). There is also the
“gat-stop-eat-method” where there is fasting two
times per week between two lunch meals or be-
tween two dinners. Another method implies fasting
from 10 to 20 hours, and breakfast is usually con-
sumed. If breaks between meals are longer, the
concentration of an enzyme, protein-kinase A, de-
creases which leads to effective cell recovery [Pat-
terson RE et al., 2015]. Intermittent fasting de-
creases the glucose level in blood and improves
insulin sensitivity as well as lipids profile. If there
is a low energy intake in the morning, it conse-
quently reduces the total energy intake for the
whole day and there is no hunger in the afternoon
because of the changes in the metabolic reactions.
At the same time, an empty stomach stimulates au-
tophagy [Barnosky AR et al., 2014].

CONCLUSION

There is no perfect diet therapy suitable for
each type 2 diabetic. Dietary regiments should
focus on providing appropriate ratios of macronu-
trients, including important micronutrients (vita-
mins and minerals), but more importantly be in
line with person’s clinical presentation of DMT2
and lifestyle. Accumulating evidence from nutri-
tion interventions and observational studies pro-
vide important insights on how diet and particular
nutrients affect clinical presentation of DMT2, not
only blood glucose but also lipid status, body
weight, and overall quality of life. Diet seems to be
even more important in diabetes treatment than we
thought so far. While previous recommendations
for diet therapy of DMT2 focused primarily on
carbohydrates (its dietary sources, composition
and dietary fiber content), accumulating evidence
in recent years show promising results with diets
like low-fat or intermittent fasting; diets previ-
ously considered as irreconcilable with DMT?2.
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