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ABSTRACT
It is well known the role of diet in the management of overweight and obese type 2 diabetic patients. Even a mod-
est weight loss (5% to 10% of total body weight) is associated with improvements of cardiovascular risk factors. 
The traditional recommendations regarding the intake of macronutrients are: carbohydrate intake 45% to 65% of 
total energy, a total fat intake ≤ 35% of total energy (with reduction of saturated and trans fat intake and increase 
monounsaturated fatty acids intake) and protein intake 15% to 20% of total energy. The recent guidelines recom-
mend increased fl exibility in macronutrient composition. In this article I present different dietary patterns (such as 
low carbohydrate diets, high protein diets, low calorie diets, very low calorie diets and Mediterranean diet) used in 
the management of type 2 diabetic patients, their effects on short-term outcomes as well as on long-term out-
comes. Energy restriction is required for weight loss. In short-term trials high-protein, low-carbohydrate diets are 
more favorable for weight loss than traditional high-carbohydrate, low-fat diets. Very important in weight loss and 
metabolic control are the adherence to a diet and pharmacotherapy. Recently probiotic and prebiotic have been 
proposed as a new treatment strategy.
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INTRODUCTION

Medical nutrition therapy (MNT) is an essential 
component of preventing diabetes, managing exist-
ing diabetes and preventing and slowing diabetes 
complications. (1) Prospective Studies Collabora-
tion which analysed a number of approximately 
900,000 adults included in 57 prospective studies 
showed that each 5 kg/m2 higher body mass index 
(BMI) above 25 kg/m2 was associated with about 
30% higher overall mortality: 40% for vascular 
mortality, 60% to 120% for diabetes, renal and he-
patic mortality, 10% for neoplastic mortality and 
20% for respiratory and for all other mortality. (2) 
Cerhan et al. (3) showed that higher waist circum-
ference was positively associated with high mortal-
ity at all levels of BMI from 20 to 50 kg/m2. Ac-
cording to this study the estimated decrease in life 
expectancy for highest vs. lowest waist circumfer-

ence was approximately 3 years for men and ap-
proximately 5 years for women. Studies investigat-
ing dietary strategies for weight loss have utilized 
many different diets, such as: low fat diets, low 
carbohydrate diets, high protein diets, balanced 
defi cit diets, very low calorie diets (VLCD) and 
Mediterranean diet. Also portion control and meal 
replacement have proved effective in weight man-
agement.

Effectiveness of MNT in type 2 diabetes
About 80 to 90 percent of people with type 2 

diabetes are overweight or obese. (4) MNT can re-
duce HbA1c by 1% to 2% depending on the type, 
duration of diabetes and the HbA1c value at base-
line. (5,6) Weight loss in type 2 diabetic patients is 
associated with markedly reduce plasma glucose 
concentration, reduction in fasting insulin levels, 
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reduced cardiovascular risk factors (reduction in 
blood pressure and improvements in lipid profi le), 
increased insulin sensitivity and improvement in 
well-being of the patients. (7-10) Williamson et al. 
(11) showed in overweight people with diabetes 
that intentional weight loss of 11% of initial body 
weight was associated with 25% reduction in mor-
tality. Petersen et al. (8) showed in eight obese pa-
tients with type 2 diabetes that a moderate weight 
loss normalizes fasting hyperglycemia, reverses 
hepatic steatosis and hepatic insulin resistance and 
normalizes basal rates of hepatic glucose produc-
tion by decreasing gluconeogenesis.

In patients with newly diagnosed type 2 diabetes 
the initial period post diagnosis is a critical time for 
weight-loss. Feldstein et al. (12) showed in newly 
diagnosed type 2 diabetic patients that a weight 
loss of 9.8% predicted improved glycemic and 
blood pressure control despite weight regain in 
year 4 compared to patients who maintained their 
weight or gained weight post diagnosis. 

According to the guideline for the management 
of overweight and obesity in adults elaborated in 
2013 by the American College of Cardiology / 
American Heart Association and The Obesity Soci-
ety (ACC/AHA/TOS) lifestyle changes that pro-
duce even a modest weight loss of 3-5% produce 
clinically meaningful reductions in triglycerides, 
blood glucose, glycated hemoglobin (HbA1c) and 
the risk of developing type 2 diabetes and greater 
weight losses produces greater benefi ts (reduce 
blood pressure, improve LDL-C and HDL-C, and 
reduce the need for medications to control blood 
pressure, blood glucose and lipids as well as further 
reduce triglycerides and blood glucose). (13) 

Look AHEAD is both the largest and the longest 
randomized evaluation to date of an intensive life-
style intervention for weight management. (14) 
Look AHEAD study evaluated in overweight or 
obese patients with type 2 diabetes the long-term 
effects of an intensive lifestyle intervention pro-
gram for weight loss by decreased caloric intake 
and increased physical activity compared to a pro-
gram of diabetes support and education. The study 
which included a number of 5,145 participants 
showed at one year that patients in the lifestyle in-
tervention program lost 8.6% of their body weight 
compared to 0.7% in the control arm. At the study’s 
completion the mean weight loss from baseline was 
6% in the lifestyle intervention group compared to 
3.5% in the control group (15). After a median fol-
low-up of 9.6 years the Look AHEAD study showed 
that the intensive lifestyle intervention did not re-
duce the rate of cardiovascular events. (16) The in-

tensive lifestyle intervention was associated with 
partial remission of type 2 diabetes (17), a reduc-
tion of the rate of sleep apnea (18), slow the decline 
in mobility (19) and improvements in health-relat-
ed quality of life. (20) 

Medical nutrition therapy in the prevention of 
diabetes

Medical nutrition therapy has been shown to be 
effective in the prevention of type 2 diabetes. 
(21,22) Patients at high risk for the development of 
type 2 diabetes should implement lifestyle inter-
ventions to achieve a minimum of 7% weight loss 
followed by weight maintenance, and a minimum 
of 150 minutes of weekly physi cal activity, similar 
in intensity to brisk walking. (23) The Diabetes 
Prevention Program (DPP) which included a num-
ber of 3,234 adults at high risk for the development 
of type 2 diabetes (mean age of the participants was 
51 years and the mean BMI was 34 kg/m2), demon-
strated that the incidence of type 2 diabetes was re-
duced by 58% with an intensive program of life-
style modifi cation and by 31% with metformin, 
over an average follow-up of 2.8 years (21). Li et 
al. (22) showed in Da Qing Diabetes Prevention 
Study which included 577 patients that a 6 year 
lifestyle intervention in people with impaired glu-
cose tolerance reduce incidence of cardiovascular 
and all-cause mortality and diabetes after 23 years.

According to ACC/AHA/TOS in overweight 
and obese adults at risk for type 2 diabetes, average 
weight losses of 2.5 kg to 5.5 kg at ≥2 years, 
achieved with lifestyle intervention (with or with-
out orlistat) reduces the risk of developing type 2 
diabetes by 30% to 60%. (13)

Nutrition guidelines 
All obesity management recommendations in-

clude diet, physical activity and behavioral modifi -
cation. The ACC/AHA/TOS (13) recommendations 
for weight loss are: 1) recommendations regarding 
diets for weight loss: a) 1,200-1,500 kcal/day for 
women and 1,500-1,800 kcal/day for men; b) 500 
kcal/day or 750 kcal/day energy defi cit; c) one of 
the evidence-based diets that restricts certain food 
types, such as high carbohydrate foods, low-fi ber 
foods or high fat foods; 2) recommendations re-
garding comprehensive lifestyle intervention: a) in-
dividuals should be advised to participate for ≥ 6 
months in a comprehensive lifestyle program; b) 
some commercial-based programs that provide a 
comprehensive lifestyle intervention can be pre-
scribed as an option for weight loss; c) very low 
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calorie diet are indicated only in limited circum-
stances; d) advice individuals who have lost weight 
to participate long time (≥ 1 year) in a comprehen-
sive weight loss maintenance program; e) strategies 
such as frequent self-weighing (at least weekly), 
consumption of a reduced caloric diet and high lev-
els of physical activity. 

Several international societies, such as Diabetes 
and Nutrition Study Group (DNSG) of the Euro-
pean Association for the Study of Diabetes (EASD), 
American Diabetes Association (ADA), American 
Association of Clinical Endocrinologists (AACE) / 
The American College of Endocrinology (ACE) 
and The Obesity Society, Canadian Diabetes Asso-
ciation, Diabetes UK have developed recommen-
dations regarding the nutritional management of 
patients with diabetes and for the prevention and 
treatment of metabolic and endocrine diseases in 
adults (Table 1). Most nutritional guidelines rec-
ommend diets high in carbohydrates (45-65% of 
total energy intake) and low in fat (<35% of total 
energy intake).

AACE/ACE and Obesity Society (25) recom-
mendations for overweight and obese subjects are: 
nutrition counseling should be culturally, linguisti-
cally and educationally; the weight-loss goal should 
be 5 to 10% of current body weight over the fol-
lowing 6 to 12 months; combined ther apy utilizing 
a low-calorie diet (LCD) with a defi cit of 500 to 
1,000 kcal/day, increased physical activity, behav-
ior therapy, and appropriate pharmacotherapy pro-
vides the most successful intervention for weight 

loss and weight maintenance; a gradual weight-loss 
of 0.5 to 1 kg/week. According to the Diabetes UK 
2011 (26) guideline low-carbohydrate diets may be 
considered an option for weight loss in people with 
type 2 diabetes when supported by a registered 
healthcare professional, weight management 
should be person-centred approach and each indi-
vidual should be supported to follow the weight 
loss programme they fi nd most acceptable. Cana-
dian Diabetes Association (5) nutrition therapy rec-
ommendations are: replacing high glycemic index 
carbohydrates with low glycemic index carbohy-
drates; higher intakes of dietary fi ber than those 
recommended for the general population; weight 
management program should provide individual-
ized nutritional, physical activity and behavioral 
programs; weight-loss diets must be nutritionally 
balanced, a carbohydrate intake of at least 100 g/
day is required to spare protein breakdown and 
muscle wasting, adequate protein intake is required 
to maintain lean body mass; very low calorie diets 
with <900 kcal/day are not recommended. 

High-protein diets 
Studies which evaluated high-protein diets dem-

onstrated that these diets produce greater short-
term weight loss, similar long-term weight loss and 
better improvement in some cardiovascular risk 
factors (such as insulin resistance, triglyceride, 
HDL-cholesterol) compared with a low-fat diet. 
(28) Foster et al. (29) showed in a randomized trial 
which enrolled 63 obese men and women (patients 

TABLE 1. Nutritional recommendations from various organisations
Society Protein intake 

(% of total energy)
Fat intake
(% of total energy)

Carbohydrate intake 
(% of total energy)

Other recommendati ons

EASD (2004) (23) 10-20% < 35% 
(saturated and trans-
unsaturated fatt y acid 
< 10% , MUFA: 10-
20%, PUFA < 10% and 
cholesterol < 300 g/day)

45-60% – dietary fi bre intake 
>40 g/day (or 20 g/1,000 
kcal/day);
– there is no justi fi cati on 
for very low carbohydrate 
diet

ADA (2013) (24) There is not an ideal 
percentage of calories 

There is not an ideal 
percentage of calories

There is not an ideal 
percentage of calories

– dietary fi bre intake: 
14 g/1,000 kcal/day

AACE/ACE and 
Obesity Society 
(2013) (25)

15-35% 
(0,8-1 g/kg/day)
(include reduced-fat 
animal protein and 
reduced-fat dairy protein)

25-35% 
(saturated fat < 7%, MUFA: 
15-20%, PUFA < 10% and 
cholesterol < 200 g/day ) 

45-65% 
(limit sugar or foods that 
have a high glycemic 
index)

– dietary fi bre intake: 
20-35 g/day 
(or 14 g / 1,000 kcal/day)

Canadian Diabates 
Associati on (2013) (5) 

15-20% (1-1.5 g/kg/day) 20-35% 
(saturated fat <7%, MUFA: 
up to 20%, PUFA up to 
10%)

45-60% – dietary intake: 
25-50 g/day 
(or 15-25 g/1,000 kcal)

Diabetes UK (2011) 
(26,27)

not > 1 g/kg < 35% 
(saturated and 
transunsaturated < 10%, 
n-6 PUFA <10%, MUFA: 
10-20%)

Acti ve carbohydrate 
management rather than 
prescribing absolute 
intakes

– no quanti tati ve 
recommendati on for 
dietary fi ber

MUFA – monounsaturated fatt y acids; PUFA – polyunsaturated fatt y acids 
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with diabetes were excluded) that a high-protein/
low-carbohydrate diet produced a greater weight 
loss than a conventional diet (high-carbohydrate/
low-fat/low-calorie diet – 1,200 to 1,500 kcal/day 
for women and 1,500 to 1,800 kcal/day for men, 
with approximately 60% of calories from carbohy-
drate, 25% from fat and 15% from protein) for the 
fi rst six months, but the differences were not sig-
nifi cant at one year. 

Santesso et al. (30) showed in a meta-analysis 
which compared the effects of higher-protein (me-
dian protein content was 27% of the total energy 
intake – range: 16-45%) versus lower-protein (me-
dian protein content was 18% of the total energy 
intake – range: 5-23%) diets that higher-protein di-
ets were associated at 3 months with greater weight 
loss (1.21 kg), a greater decrease in BMI (-0.51 kg/
m2) and a greater loss in waist circumference (-1.66 
cm), improve blood pressure, HDL-cholesterol and 
triglycerides levels, but these effects were small. 

Gannon et al. (31) showed that a high-protein/
low-carbohydrate diet, weight-maintaining, nonke-
togenic (2,825 kcal, protein – 30%, carbohydrate – 
20% and fat – 50%) compared to a control diet 
(2,825 kcal, protein – 15%, carbohydrate – 55% 
and fat – 30%) over a 5 weeks period was associ-
ated with a dramatic improvement in metabolic 
control (fasting glucose concentration decreases 
from 167±13 mg/dl to 119±7 mg/dl, mean glucose 
concentration was reduced from 198 mg/dl to 126 
mg/dl and HbA1c concentration decrease from a 
mean of 9.8% to 7.6%) in untreated patients with 
type 2 diabetes.

The potential mechanisms involved in weight-
loss associated with high-protein diets are: in-
creased secretion of gut hormones that induce sati-
ation (such as gastric inhibitory polypeptide – GIP, 
glucagon-like peptide-1 – GLP-1, cholecystokinin 
– CCK, peptide YY-PYY), reduced orexigenic hor-
mone secretion (such as ghrelin), increased thermic 
effect of food and protein-induced alterations in 
gluconeogenesis to improve glucose homeostasis 
(32). Veldhorst et al. (33) demonstrated that after a 
high-protein diet there is no correlation between 
gluconeogenesis and appetite suppression. The au-
thors suggested that the increased concentration of 
ketone bodies (β-hydroxybutyrate) may have con-
tributed to the appetite suppressive effect of high-
protein diet. 

Low-carbohydrate diets
Many studies reported that low-carbohydrate di-

ets have benefi ts for weight loss, treatment of type 

2 diabetes and cardiovascular disease. There is no 
accepted defi nition for low-carbohydrate diet. Dia-
betes UK uses the term „low-carbohydrate“ as a 
collective term to describe any amount of carbohy-
drate restriction which is less than the dietary refer-
ence value of 45% of total energy. (34) The 2008 
ADA guidelines recommend a minimum of 130 g/
day of carbohydrate. (35) The new ADA guidelines 
don’t have this recommendation. (24) According to 
Wheeler et al. (36) the following defi nitions are 
used for carbohydrate content of different diets: 
very low-carbohydrate diet content 21-70 g/day of 
carbohydrate; moderate low-carbohydrate diet con-
tent 30-40% of kcal as carbohydrate; moderate-
carbohydrate diet content 40-65% of kcal as carbo-
hydrate and high-carbohydrate diet content >65% 
of kcal as carbohydrate. Accurso et al. (37) sug-
gested the following defi nitions: very low-carbohy-
drate ketogenic diet (VLCKD) content <30 g/day 
of carbohydrate; low-carbohydrate diet content 
<130 g/day of carbohydrate (or <26% of kcal as 
carbohydrate of a 2,000 kcal diet); moderate-carbo-
hydrate diet content 26% to 45% as carbohydrate 
of a 2,000 kcal diet.

Nielssen et al. (38) showed in 16 obese patients 
with type 2 diabetes that after 6 months a low-car-
bohydrate diet consisted of 20% carbohydrates, 
30% protein and 50% fat, compared with a control 
diet about the same caloric content consisted of 
60% carbohydrates, 15% protein and 25% fat was 
associated with better glycemic control (HBA1c: 
-1.4±1.1% and -0.6±1.4%) and greater weight loss 
(body weight: -11.4±4 kg and -1.8±3.8 kg; BMI: 
-4.1±1.3 kg/m2 and -0.7±1.3 kg/m2). Large changes 
in blood glucose levels were seen immediately. The 
authors also showed that these changes were pre-
served in the low-carbohydrate group after 44 
months observation time. (39) 

Guldbrand et al. (40) evaluated the effects of a 2 
year intervention with a low-carbohydrate diet 
(LCD – consisted of 20% carbohydrate, 30% pro-
tein and 50% fat) or a low-fat diet (LFD – consisted 
of 55-60% carbohydrate, 10-15% protein and 30% 
fat) in 61 adults with type 2 diabetes (BMI – 
32.7±5.4 kg/m2). Both diets have the same energy 
content 1,600 kcal/day for women and 1,800 kcal/
day for men. The study found that weight loss did 
not differ between groups and was maximal at 6 
months: LFD − 3.99±4.1 kg; LCD − 4.31±3.6 kg. 
At 24 months, patients on the LFD lost – 2.97±4.9 
kg and those on LCD – 2.34 ± 5.1 kg compared 
with baseline. At 6 months in LCD were seen the 
following results: a signifi cant reduction in HbA1c, 
a signifi cant reduction in insulin doses and signifi -
cant increase in HDL-cholesterol concentrations. 
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In clinical practice there are controversies re-
garding low-carbohydrate diets in patients with di-
abetes because of concerns about their safety, ef-
fectiveness and sustainabil ity, along with their 
impact on the kidneys, bones, lipids, and thyroid 
(41). In 2013, after a two years review of 16.000 
scientifi c studies of diet, the Swedish Council on 
Health and Technology Assessment has recom-
mended a low carbohydrate, high fat diet for people 
who are overweight or obese or have diabetes. (42) 

Low-calorie diets (LCDs) and very low-calorie 
diets (VLCDs)

LCD is defi ned as a diet with an energy content 
between 800 to 1,200 kcal/day and VLCD is de-
fi ned as diet replacement with an energy content 
between 400 or 450 to 800 kcal/day. (43) There has 
been a long history of debate over the use of VLCDs 
in clinical practice. (44) From a historical perspec-
tive VLCDs used in the ‘70s were associated with a 
number of death probably due to vitamin and min-
eral defi ciencies and poor quality or inadequate 
amounts of protein. (43,45) There are now a num-
ber of commercially available VLCDs (such as Op-
tifast VLCD, Optisilim, KicStart VLCD, Slimfast, 
Cambridge, Eurodiett, Nutrilett) which are de-
signed to provide at least 50 g of high quality pro-
tein to preserve lean body mass and all vitamins 
and minerals at recommended daily allowance lev-
els. (24,26) While LCDs are indicated for most pa-
tients, VLCDs should be used only in obese sub-
jects with signifi cant comorbidities. (23,46,47) 
VLCDs are used to induce rapid weight loss. 
(48,49) They can produce weight losses up to 1.5 to 
2.5 kg/week and up to 20 kg in 12 to 16 weeks. (50) 
Also, VLCDs may be used intermittently with a 
LCD (for 2-4 days a week), by people who are 
obese and have reached a plateau in weight loss. 
(51) 

VLCDs require nutritional supplementation and 
medical moni toring for complications such as, 
electrolyte imbalances, hepatic transaminase eleva-
tion, gout and gallstone formation and the duration 
of treatment should not exceed 12 to 16 weeks. 
(23,47) According to Norwegian Scientifi c Com-
mittee for Food Safety, VLCD products should pro-
vide minimum 55 g carbohydrates, 10 g fi bres, 50 g 
high quality protein and 7 g fat, including 3 g from 
linoleic and 0.5 g from α-linoleic acid. There are no 
maximum limits for macronutrients composition as 
the energy is the limiting factor, the fi bre content 
should not exceed 30 g per day and the maximum 
limits for vitamins and minerals should equal two 
times the recommended daily intake. (52) In 2011, 

the European Food Safety Authority has approved 
a health claim regarding the effi cacy of VLCDs on 
weight loss in a target population of obese adults. 
(53) Indications for VLCDs are: well-motivated in-
dividuals who are moderately to severely obese, 
have failed other nutritional approaches to weight 
loss and have a medical condition that is immedi-
ately improved with rapid weight loss (such as, 
poorly controlled type 2 diabetes, joint replacement 
surgery, subjects seeking fertility services, obstruc-
tive sleep apnea and symptomatic peripheral ede-
ma. (23,47,54) 

VLCDs are associated with improvement in 
blood pressure, serum lipids and glycemia in obese 
subjects with type 2 diabetes (52). Capstick et al. 
(55) showed in 14 obese noninsulin dependent dia-
betes mellitus (NIDDM) patients with poor diabet-
ic control that a VLCD (425 kcal /day) given for 12 
weeks is very effective in rapidly improving gly-
caemic control and promoting substantial weight 
loss in obese NIDDM patients. Malandrucco et al. 
(56) showed in 14 severely obese patients with type 
2 diabetes with HbA1c <7.5% that after 7 days a 
VLCD (400 kcal/day) caused a 3.22±0.56% weight 
loss, 42% of which was fat loss accompanied by 
decrease in fasting plasma glucose and triglycer-
ides. The study demonstrated that improvement in 
metabolic profi le was due to the amelioration of β 
cell function with no change in insulin sensitivity. 
Lara-Castro et al. (57) showed that after 6 days a 
VLCD containing 700 kcal/day resulted in small 
decrements in general adiposity (minimal change 
in BMI and no statistically signifi cant change in 
body fat) and marked decrease in intramyocellular 
lipid – IMCL – (56% decrease in non-diabetics and 
40% decrease in type 2 diabetic patients compared 
to baseline values) accompanied by increases in in-
sulin sensitivity. The authors suggested that the 
rapid amelioration of insulin resistance by VLCD 
can be explained by loss of IMCL in the absence of 
important changes in total body fat. A review which 
evaluated the effects of VLCDs on high-density li-
poprotein (HDL) levels showed that HDL levels 
usually decrease during active weight loss but ei-
ther return to pre-VLCD levels or improve during 
the weight-maintenance phase. (58) Hammer et al. 
(59) showed in twelve obese, insulin-treated type 2 
diabetes that a 16-week VLCD (450 kcal/day) de-
creased BMI (35.6±1.2 kg/m2 to 27.5±1.3 kg/m2) 
and myocardial triglyceride content and improved 
diastolic function. 

It is important to stress that there are studies 
which demonstrated that there is no signifi cant dif-
ference in weight loss between diets with an energy 
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content ranging from 420 kcal/day to 880 kcal/day. 
(60-62) 

Johansson et al. (63) assessed the risk of symp-
tomatic gallstones requiring hospital and/or chole-
cystectomy in a commercial weight loss program 
using VLCD of LCD. The weight loss program 
comprised an initial weight loss phase of VLCD 
(500 kcal/day) or LCD (1,200-1,500 kcal/day) fol-
lowed by a 9 month weight maintenance phase. 
The study found that during the 1 year weight loss 
program the risk of gallstones as well as cholecys-
tectomy was low but approximately three times 
higher in the VLCD group than in the LCD group. 
The larger prevalence of cholelithiasis could be de-
creased by the use of at least 7 g of essential fatty 
acids to stimulate gall bladder contractions. Other 
side effects of VLCDs are: dry mouse, constipa-
tion, headache, dizziness, orthostatic hypotension, 
fatigue, cold intolerance, dry skin, menstrual irreg-
ularities and hair loss. (43) Contraindications to 
VLCDs are: recent myocardial infarction, cardiac 
conduction disorder, history of cerebrovascular, re-
nal or hepatic disease, type 1 diabetes mellitus, ma-
jor psychiatric disorderes, gallbladder disease, al-
coholism, cancer, infection, acute substance abuse, 
anorexia and human immunodefi ciency virus. (46) 
Also VLCDs are contraindicated in children, ado-
lescents, pregnant and lactating women and elderly 
(above 65 years old). (52)

Long term effect of VLCDs
The published results regarding weight loss 

maintenance after VLCDs are contradictories.
Dhindsa et al. (64) demonstrated in forty obese 

patients with type 2 diabetes and symptomatic hy-
perglycaemia despite combination oral therapy or 
insulin in association with metformin that 8 weeks 
of VLCD (750 kcal/day) followed by standard diet 
and exercise advice at 2-3 month intervals were as-
sociated at 8 weeks with signifi cant weight loss 
(mean body weight – 119±19 kg vs. 107±18 kg and 
BMI – 40.6 kg/m2 vs. 36.6 kg/m2) and important 
reductions in serum total cholesterol, blood pres-
sure and fructosamine. At 1 year patients had mini-
mal weight regain (mean body weight – 109±18 kg 
and BMI – 37±4 kg/m2) and a deterioration of gly-
caemic control. Hemmingson et al. (65) evaluated 
weight loss and the dropout rate after 1 year in a 
number of 9,037 subjects enrolled in a weight-loss 
program in Sweden. Weight loss was induced with 
a 500 kcal/day VLCD, a 1,200-1,500 kcal/day LCD 
and a 1,500-1,800 kcal/day restricted normal-food 
diet, followed by a diet and exercise maintenance 
phase. After 1 year weight loss in VLCD group was 

-11.4±9.1 kg (18% dropout), in LCD group was 
-6.8±6.4 kg (23% dropout) and in restricted nor-
mal-food group -5.1±5.9 kg (26% dropout). 

In a recent article published in October 2014, 
Purcell et al. (66) showed that the rate of weight 
loss does not affect the proportion of weight loss 
within 144 weeks. Also, Rytting et al. (49) showed 
in 81 obese patients that after two years weight 
maintenance and drop out rates are independent of 
weather the initial treatment commences with 
VLCD (420 kcal/day for two months) or a hypoca-
loric diet (1,600 kcal/day). 

Saris (43) showed that VLCD in combination 
with active follow-up treatment is one of the better 
treatment modalities related to long-term weight-
maintenance success. Also, two analysis concluded 
that greater initial weight loss using VLCDs is as-
sociated with better long-term weight maintenance. 
(67,68) A meta-analysis of six studies showed that 
VLCDs induced signifi cantly greater short-term 
weight losses than LCDs (16.1+/-1.6% vs. 9.7+/-
2.4% of initial weight) but comparable long-term 
changes in weight (6.3+/-3.2% vs. 5+/-4%). (48) 

Partial meal replacement
 Data showed that obese subjects underreport 

their actual food intake by 47% when consuming a 
diet of conventional foods and overreport their 
physical activity by 51%. (69) Partial meal replace-
ment (PMR) is defi ned as a program that prescribes 
one or two commercially available vitamin/mineral 
fortifi ed meal (liquid or powder formulas) and at 
least one meal of regular foods. (70) A meta-analy-
ses of six studies showed that a PMR plan com-
pared to a conventional reduced calorie diet pro-
duced a signifi cantly greater short-term and 
long-term weight loss. (71) Tovar et al. (72) found 
no additional effect of including PMR to a calorie 
restricted diet on changes in body weight, BMI or 
fat loss, than a LCD alone. In addition the authors 
showed that treatment of obesity with LCD that in-
cludes PMR signifi cantly increased intake of essen-
tial amino acids, vitamins and minerals. 

Mediterranean diet

The interest in the health implications of Medi-
terranean diet starts in the early 1950s with the re-
sults published by Ancel Keys. (73) The Mediter-
ranean diet is characterized by a high consumption 
of vegetables, legumes, fruits, nuts, and cereals 
(preferably as whole grain); moderate consumption 
of fi sh and shellfi sh, white meat, dairy products and 
eggs; low consumption of read meat and moderate 
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consumption of wine (during meals). (74,75) The 
principal source of dietary lipids is olive oil. This 
diet is associated with an adequate intake of micro-
nutrients. The Mediterranean diet, through a healthy 
profi le of fat intake (with a high content of mono-
unsaturated fatty acids – MUFA – and a higher 
MUFA/saturated fatty acids –SFA – ratio), low pro-
portion of carbohydrate, low glycemic index, high 
content of dietary fi ber, antioxidant compounds, 
and anti-infl ammatory effects, is associated with a 
lower incidence of mortality from all-causes, and 
with a lower incidence of cardiovascular diseases, 
type 2 diabetes, certain types of cancer and neuro-
degenerative diseases. (74) Also, adherence to 
Mediterranean diet is associated with reduction of 
metabolic syndrome risk. (76,77)

Misirli et al. (75) demonstrated in 23,601 par-
ticipants from the Greek segment of the EPIC Study 
which were free of cardiovascular diseases and 
cancer at baseline, followed up of about 10.6 years, 
an inverse association of adherence to the Mediter-
ranean diet with cerebrovascular disease incidence 
and mortality. Zazpe et al. (78) demonstrated that a 
greater adherence to an empirically derived dietary 
pattern approaching the traditional Mediterranean 
diet was associated with a reduction in the risk of 
all cause mortality among middle-aged Mediterra-
nean adults. Bonaccio et al. (79) showed in a pro-
spective study on 1995 type 2 diabetic subjects that 
the traditional Mediterranean diet was associated 
with reduced risk of both total and cardiovascular 
mortality in diabetic subjects. 

Comparison of different weight loss diets
Many studies evaluated the impact of the pro-

portion of the macronutrients on weight loss and 
long-term metabolic control. Golay et al. (80) 
showed in 43 adult obese subjects that there was no 
signifi cant difference in the amount of weight loss 
in response to diets containing either 15% carbohy-
drate (8.4±0.6 kg) or 45% carbohydrate (7.5±0.5 
kg) during a 6 weeks period of hospitalization. 
Both diets contained the same amount of energy 
(1,000 kcal/day). In addition to a low-energy diet, 
subjects participated in a structured, multidisci-
plinary program that included physical activity, nu-
tritional education and standard behavioral tech-
niques. McLaughlin et al. (81) randomized 29 
patients with diet treated type 2 diabetes to one of 
two equally hypocaloric (~750 kcal/day) diets: 1) 
moderately restricted fat – 60% carbohydrate, 25% 
fat and 15% protein and 2) moderately restricted in 
carbohydrate – 40% carbohydrate, 45% fat and 

15% protein. Both diets restricted saturated fat to 
<7% of total calories. The results showed no sig-
nifi cant difference in the amount of weight loss. 
Also the improvements in the metabolic variables 
(such as, insulin sensitivity, plasma glucose, insulin 
and triglyceride concentrations) were signifi cantly 
associated with the amount of weight loss (~7%) 
with no interaction with the diet. In a review pub-
lished in 2013 Krabs (82) concluded that weight 
loss will not occur unless, energy intake is reduced 
below energy expenditure over a sustained period 
of time. Larsen et al. (83) evaluated the long-term 
effi cacy (12 months) of high-protein diet (30% en-
ergy intake from protein and 40% energy intake 
from carbohydrate) vs. a high carbohydrate diet 
(15% energy intake from protein and 55% energy 
intake from carbohydrate) in type 2 diabetic pa-
tients. The diets were matched for total fat (30% of 
energy intake) and for fatty acid profi le (7% satu-
rated fat, 10% polyunsaturated fat and 13% mono-
unsaturated fat). This randomised controlled trial 
found that there is no superior long-term metabolic 
benefi t of a high-protein diet over a high-carbohy-
drate diet. 

Also, there are data which showed that the pro-
portion of the macronutrients infl uence weight loss. 
(84-86) The Diet, Obesity and Geneses (Diogenes) 
study which included overweight participants from 
eight European countries evaluated the effi cacy of 
moderate fat diets that vary in protein content and 
glycemic index for preventing weight regain after a 
8-week weight loss phase with the use of a 800 
kcal/day diet (87). The mean weight loss with the 
low caloric diet was 11.2 kg (fat mass – 8.3 kg and 
fat-free mass – 2.9 kg). The fi ve weight mainte-
nance diets on which the participants were random-
ized immediately after the completion of weight 
loss phase were: 1) a diet low in protein (13% of 
total energy intake) with a low glycemic index; 2) a 
diet low in protein with a high glycemic index; 3) a 
diet high in protein (25% of total energy intake) 
with a low glycemic index; 4) a diet high in protein 
with a high glycemic index and 5) a control diet, 
which followed dietary guidelines in each partici-
pating country, with a moderat protein content and 
did not include instructions to participants regard-
ing glycemic index. The difference in protein in-
take (from the total energy intake) between the high 
protein and the low protein groups that were 
achieved in the study was 5.4% and the difference 
between the low glycemic index and the high gly-
cemic index was 4.7 glycemic index units. The 
study showed that after a 26 week weight mainte-
nance phase in 548 participants who completed the 
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intervention weight regain was only 0.56±5.44 kg. 
The weight regain was less in the groups assigned 
to a high protein than those assigned to a low pro-
tein and in the groups assigned to a low glycemic 
index than in those assigned to a high glycemic in-
dex. The main conclusion of this large study was 
that a modest increase in protein content and a 
modest reduction in the glycemic index improved 
the maintenance of weight loss. 

Ajala et al. (84) in a meta-analyses that included 
a total of 20 randomized controlled trials with in-
tervention that lasted more than 6 months, evaluat-
ed the effect of various diets on glycemic control, 
lipids and weight loss in people with type 2 diabe-
tes. The authors showed that low-carbohydrate, 
low-glycemic index (GI), Mediterranean and high-
protein diets are effective in improving cardiovas-
cular risk in people with diabetes. Low-carbohy-
drate, low-GI, Mediterranean and high-protein 
diets were associated with improvement in glyce-
mic control, reduced HbA1c by 0.12-0.5% com-
pared with control diets including low-fat, high-GI, 
American Diabetes Association (ADA), European 
Association for the Study of Diabetes (EASD) and 
low-protein diets. Also, low-carbohydrate and 
Mediterranean diets led to a greater weight loss 
(-0.69 kg, p=0.21 and -1.89 kg, p<0.00001) and all 
diets, except high-protein diet, were associated 
with an increase in HDL-cholesterol (4% in Medi-
terranean, 5% in low-GI and 10% in low-carbohy-
drate). Shai et al. (88) showed in a 24 months trial 
that a low-carbohydrate diet has more favorable ef-
fect on lipids and Mediterranean diet has more fa-
vorable effect on glycemic control. 

Possible future directions
The human intestinal tract is populated by ap-

proximately 1014 microorganisms (known as the 
„gut microbiota“), most of them anaerobic bacteria, 
composed by approximately 1,000 bacterial spe-
cies with signifi cant intersubject variability. (89-
91) This huge number of bacterial species can be 
grouped into 2 bacterial phyla: the Bacteroidetes 
(Gram-negative) and the Firmicutes (Gram-posi-
tive). (89,91) The collective genome of the gut mi-
crobiota (known as the gut „microbiome“) contains 
at least 100 times as many genes as the human ge-
nome. (90) Human gut colonization begins imme-
diately at birth and evolves throughout an individu-
al’s lifetime and is susceptible to both exogenous 
and endogenous modifi cations. (92) Microbiota has 
multiple roles in host physiology, energy regulation 
and modulation of immune function. (91,93-95) 

Microbiota increases the host’s ability to extract 
energy from the ingested nutrients and the storage 
of this energy as fat contributing to body-weight 
gain. (93,95) Alterations in gut microbiota is asso-
ciated with numerous intestinal diseases such as, 
irritable bowel syndrome, infl ammatory bowel dis-
ease and colorectal cancer and also may infl uence 
the development and progression of obesity and 
other metabolic disorders, including type 2 diabe-
tes. (93,94,96,97) The impact of the gut microbiota 
on metabolic disorders is realized through systemic 
exposure to bacterial lipopolysacharide (LPS), as a 
result of increased intestinal permeability. (118,120) 
Cani et al. (98) in an article published in 2007 on 
mice had three important results: fi rst, a 4-week 
high-fat diet chronically increases plasma LPS con-
centration two to three times (threshold named 
metabolic endotoxemia); second, chronic experi-
mental metabolic endotoxemia induces obesity, di-
abetes and liver insulin resistance and third, the 
LPS receptor CD14, by controlling insulin sensitiv-
ity, sets the threshold at which high-fat diet-induced 
metabolic diseases occur. 

Gut microbiota composition has been shown to 
differ in lean vs. obese animals and humans and to 
change rapidly in response to diet. (95,99) Also, 
weight loss programs and gastric by-pass surgery 
are associated with modifi cations of gut microbio-
ta. (100) The gut bacterial fl ora of obese mice and 
humans include fewer Bacteroidetes and more Fir-
micutes compared to their lean counterparts. 
(93,101,102) Recent data showed that butyrate-
producing bacteria such as Roseburia intestinalis 
and Faecalibacterium prausnitzii concentrations 
are lower in type 2 diabetes (91,103). Manipulation 
of the gut microbiota by using antibiotics, probiot-
ics and prebiotics may represent a novel approach 
for treating obesity (101,104,105). Probiotics are 
defi ned as live microorganisms, that when adminis-
tered in adequate amounts confer a health benefi t 
on the host (106), while prebiotics are defi ned as 
selectively fermented ingredients that allow spe-
cifi c changes, both in the composition and/or activ-
ity in the gastrointestinal microfl ora that confer 
benefi ts upon host well being and health. (107) In a 
recent study on mice published in 2014 Cox et al. 
(108) showed that the administration of low-dose 
penicillin in early life induces long-term metabolic 
effects by altering the intestinal microbiota. In hu-
mans, more studies showed that cesarean section 
was associated with offspring overweight and obe-
sity, perhaps as a result of changes in gut microbio-
ta. (109,110) Ajslev et al. (111) showed that a com-
bination of delivery mode, maternal pre-pregnancy 
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BMI and antibiotics in infancy, infl uences the risk 
of overweight in late childhood. Kellow et. al. (112) 

showed in a review which included 26 randomised 
controlled trials involving 831 participants that di-
etary prebiotic consumption was found to be asso-
ciated with subjective improvements in satiety and 
reductions in postprandial glucose and insulin con-
centrations. Moroti et al. (113) showed on 20 type 
2 diabetic patients that the consumption of a symbi-
otic shake containing Lactobacillus acidophilus, 
Bifi dobacterium bifi dum and fructooligosachha-
rides was associated with a signifi cant increase in 
HDL-cholesterol and a signifi cant reduction in fast-
ing glycemia. Ma et al. (114) showed in a review of 
four randomized trails which included 134 patients 
with non alcoholic fatty liver disease that treatment 
with probiotics was associated with reduction in 
liver aminotransferases, total-cholesterol, TNF-α 
and improve insulin resistance. Data showed that 
metformin modulate the gut microbiota. (91,115) 

DISCUSSION

Numerous diets have been used for the nutri-
tional treatment of patients with type 2 diabetes. 
Because there is no optimal diet for diabetic pa-
tients nutritional counseling must be individual-
ized. Data showed that lifestyle-modifi cation pro-
gram characterized by an increase in physical 
activity and a balanced diet can reduce obesity and 
the risk of obesity-related comorbid conditions de-
spite minimal or no weight loss. The benefi ts of 
such an approach are: appreciable reductions in ab-
dominal obesity, visceral fat and cardiometabolic 
risk factors, and increases in both skeletal muscle 
mass and cardiorespiratory fi tness. (116) Also re-
cent released guidelines consider that overweight 
and obesity should be managed as a long term 
chronic disease. (25) Dombrowaki et al. (117) 
showed in a meta-analysis which included 45 trials 
involving 7,788 subjects that a behavioural inter-
ventions targeting both dietary and physical activi-
ty are moderately effective in reducing weight re-
gain after initial weight loss in obese adults. 

It is diffi cult to compare the results of the studies 
which evaluated the effects of different diets in 
obese type 2 diabetic patients due to variable mac-
ronutrient and caloric composition, diffi culty in ac-
curately measuring dietary intake, various behav-
ioural change interventions and differences between 
highly controlled studies and free living studies. 
(118) 

In short-term trials low-carbohydrate/high-pro-
tein diets diet are more favourable for weight loss 

than traditional high-carbohydrate, low-fat diets. 
(37,83) International societies such as American 
Heart Association don’t recommend high-protein 
diets for weight loss because people who stay on 
these diets very long may not get enough vitamins, 
minerals and fi ber and face other potential health 
risks (119). According to American Diabetes As-
sociation (24) there is no single dietary patterns for 
diabetic patients, personal preferences (tradition, 
culture, religion, health beliefs, economics) and 
metabolic goals should be considered when recom-
mending one eating pattern over another (Mediter-
ranean style, vegetarian, low fat, low carbohydrate, 
Dietary Approaches to Stop Hypertension – 
DASH).

Larger and long-term randomized control trials 
are needed to compare relative effi cacy and effec-
tiveness of various dietary approaches. (120) Se-
lection of an inadequate diet could give rise to seri-
ous complications: defi ciencies in various types of 
micronutrients, worsening of the cardiovascular 
risk, development of serious eating disorders, mis-
conceptions about obesity and its treatment, stimu-
lation of a feeling of frustrations, changes in energy 
metabolism which result in „resistance“ to weight 
loss. (121) 

There are data which showed that the degree of 
adherence to a dietary program and not the compo-
sition of the diet is the principal effect associated 
with a better outcome. (122) To facilitate compli-
ance to different diets in many studies participants 
were provided with individualized advice by a reg-
istered dietician, diet plans and food-exchange op-
tions (123). Korre et al. (124) discuss the impor-
tance of the interventions which have tried to 
change worksites eating habits. Salinardi et al. 
(125) reported that a two phases worksite interven-
tion program on weight loss (a 6 months weigh-
loss phase, which had the goal to achieve a weight-
loss of 0.5-1 kg/week and a 6 months weigh-
maintenance phase) in overweight and obese adults 
was effective in body weight reduction and im-
provement of cardiometabolic risk factors. Partici-
pants in the intervention group lost 8±0.7 kg, com-
pared with the control participants who gained 
0.9±0.5 kg. It is important to emphasise that 89% 
of participants completed the weight-loss phase 
and no signifi cant weight regain was observed in 
participants enrolled in the structured weight-main-
tenance phase. The program used portion-con-
trolled menus that contained ≥40 g dietary fi ber/
day, 25% of calories from protein, 27% from fat 
and 48% from low-glycemic index carbohydrates. 
Future studies are necessary to evaluate if dietary 
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strategies targeting the gut fl ora (such as, adminis-
tration of probiotics and prebiotics) are useful to 
control metabolic disorders. 

The newly released guideline by the Endocrine 
Society (126) regarding pharmacological manage-
ment of obesity recommend that diet, exercise and 
behavioral modifi cation should be included in all 
obesity management approaches for BMI ≥25 kg/
m2 and pharmacotherapy should be used as adjunct 
to behavioral modifi cation in subjects with BMI 
≥27 kg/m2 and at least one associated comorbid 
medical condition such as hypertension, dyslipid-
emia, type 2 diabetes and obstructive sleep apnea 
or BMI >30 kg/m2. Bariatric surgery is recom-
mended in subjects with BMI ≥ 35 kg/m2 with co-
morbidity or BMI >40 kg/m2. With the exception of 
orlistat which block fat absorbtion, anti-obesity 
drugs target appetite mechanisms. The drugs ap-
proved by FDA for weight management are: for 

short-term use (3 months) – norepinephrine-releas-
ing agents such as phentermine and diethylpropion 
and for chronic use – orlistat, lorcaserin (5HT2C re-
ceptor agonist, marketed as Belviq), phentermine/
topiramate (norepinephrine-releasing agent/modi-
fi cation of excitatory voltage-activated sodium and 
calcium channels, antagonism of alpha-amino-
3-hydroxyl-4-isoxazole-propionic acid kainate –
AMPA/KA- and GABA receptor modulation, mar-
keted as Qsymia), naltrexone/bupropion (opioid 
antagonist/reuptake inhibitor of dopamine and nor-
epinephrine, marketed as Contrave), liraglutide 
(GLP-1 agonist, marketed as Saxenda). (126-128) 
Due to safety concerns orlistat was the only drug 
available for the treatment of obesity in Europe un-
til this year. Recently the European Commission 
has approved two anti-obesity drugs: liraglutide 
and naltrexone/bupropion (marketed as Mysimba). 
(129)
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