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INTRODUCTION
Prediabetes is classified as a clinical state intermediate between normal glucose metabolism and diabetes, identifying subjects at high risk 

for developing diabetes in the future. It is defined by fasting glucose levels between 110 and 125 mg/dL (IFG) or 2-h postprandial glucose levels 
after 75-g Oral Glucose Tolerance Test (OGTT) between 149 and 199 mg/dl (IGT) or Hemoglobin A1c (HbA1c) levels between 5.6 and 6.4% 
[1,2]. According to a large, population-based cohort study in Dutch population of 2540 participants, the risk for developing diabetes type 2 
over 6 years is 9.1% for IFG, 32.5% for IGT and 64.5% for combined IFG/IGT [3]. Concerning HbA1c, a systematic review of 44203 individuals 
from 16 cohort studies suggested that those with HbA1c between 5.5 and 6% have a 9 to 25% risk for developing diabetes over 5 years, while 
HbA1c range of 6.0-6.5% have a 25-50% risk of developing diabetes [4]. It is suggested that lifestyle intervention, including weight loss and 
physical activity improvement, could reduce the risk of diabetes type 2 in individuals with prediabetes. Many studies have investigated the 
effect of mid- and long- term lifestyle changes in the prevalence of diabetes.

One of the largest randomized controlled trials which investigated the effect of lifestyle intervention in prevention of diabetes was the 
Diabetes Prevention Program (DPP). It is a 27-center around the United Stated randomized clinical trial which investigated the effect of lifestyle 
intervention or metformin on the diabetes incidence in subjects with IGT. The study enrolled 3234 participants and they were randomly 
divided into 3 different groups. The intervention group aimed to reduce their weight at least 7% and increase their physical activity level at 
the minimum goal of 150 min of moderate intensity/week. The second group took 1700 mg of metformin divided into 2 doses/day and the 
third group was the control (Placebo). The duration of the study (DPP) was 2.8 years after randomization and the primary outcome was the 
development of diabetes measured once per year. The duration of the follow-up (DPPOS) was 10 years after randomization. The lifestyle 
intervention in the DPP was goal-based behavioral intervention and some of the key features included a 16-session, face-to-face program, 
ensuring that all participants were taught the same information about weight maintenance, physical activity and behavioral self-management. 
Specialized trainers were responsible to motivate the participants and deliver the core curriculum [5,6].

At the first 2.8 years the incidence of the disease during DPP was the highest in the placebo group (10.0%), 7.8% in the metformin group 
and the lowest in the lifestyle group (4.8%). The lifestyle group reduced the incidence of diabetes by 58% and metformin group by 31% 
compared with placebo. At the 10 years period the reduction of diabetes prevalence was the greatest in lifestyle group and equal to 34% and 
by 18% in metformin group compared with placebo. In this study, development of diabetes was delayed about 4 years by lifestyle changes and 
2 years by metformin compared with placebo. The weight loss in the lifestyle intervention group was the greatest (A mean of 7 kg by 1 year) 
but it was gradually regained, while the difference between the baseline and at the end of the study was 2 kg. The metformin group lost a mean 
of 2.5 kg during DPP and maintained until the end of the study [6].

The China Da Qing Diabetes Prevention (CDQDPS) was a 33-multicenter randomized control trial in which 577 adults with IGT were 
randomly divided into 3 lifestyle intervention groups (Exercise, diet or both) or control group. The duration of the study was 6 years after 
randomization and the primary outcomes were the diabetes development, CVD and mortality once per 2 years. The duration of the follow-up 
was 20 years after randomization. The diet group was assigned to diet containing 25-30 kcal/kg of body weight, 55-65% carbohydrate, 30-
35% fat and 10-15% protein. They were encouraged to eat more fruits, reduce their simple carbohydrates intake and control their alcohol. 
Overweight and obese participants were encouraged to lose weight of 0.5-1.0 kg/month. The exercise group was encouraged to increase 
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the amount of leisure physical activity by 1 unit per day, which was 
equal to 30 min of mild exercise, 20 min of moderate exercise, 10 min 
of strenuous exercise, or 5 min of very strenuous exercise. Frequent 
counseling sessions were included for all groups during the study [7].

At the first 6 years of the active intervention, the incidence of 
diabetes was reduced in the combined lifestyle group by 51% and 
specifically the prevalence of the disease was 43% in the lifestyle 
group and 66% in the placebo group. During the 20-years follow-up, 
the intervention group had 43% lower diabetes incidence compared 
to placebo and specifically the prevalence was 80% in the lifestyle 
group and 93% in the placebo group. [8].

The Finnish Diabetes Prevention Study was a randomized control 
multicenter with 5 center trial in Finland. The study participants were 
522 middle-aged, overweight subjects with IGT and they were equally 
divided into intervention or placebo (Control) group. The duration of 
the active intervention period was 4 years, with a 3 years follow-up. 
The main goals of the intervention group was to achieve 5% or more 
weight loss, 30 min or more per day moderate physical activity, 30% 
of total energy intake or less dietary fat, 10% of total energy intake or 
less saturated fat and 15 g fiber or more per 1000kcal. Intervention 
group had face-to-face consultation session of a preplanned topic 
with nutritionists during the study. Three-day food records were 
taking place 4 times/year helping the nutritionists give appropriate 
dietary advice to participants. Participants were encouraged to 
measure and record their weight and their dietary intake at home 
frequently. Organized and individually circuit-type training sessions 
to improve the strength and capacity of participants were available 
without additional fees. The placebo group was informed only about 
lifestyle guidelines and disease risk factors [9].

During the first 4 years of intervention, the prevalence of the 
disease was 18% and 30% in the lifestyle and placebo group, 
respectively. At the end of the total follow up of 7 years the prevalence 
of the disease was 46% and 87% in the lifestyle and control group, 
respectively, showing a disease risk reduction equal to 42% [10].

The studies mentioned propose that lifestyle intervention in 
individuals with impaired glucose tolerance can have an impact on 
diabetes risk. The key determinants of lifestyle intervention include 
weight loss, physical activity and changes in dietary composition 
where each one can independently improve glucose metabolism via 
several mechanisms.

During chronic positive energy balance, insulin resistance 
increases and visceral fat as well as subcutaneous and total body 
fat increase resulting in decrease in insulin suppression of liver 
glucose production and increased plasma glucose. In addition to 
that, the increased liver fat increases secretion of triacylglycerol 
exposing pancreatic islets to fatty acids resulting in decreased insulin 
secretion. These mechanisms contribute to β-cells dysfunction and 
diabetes type 2. Weight loss and negative energy balance reduce liver 
fat improving glucose metabolism by increasing insulin suppression 
of liver glucose production, improving glucose-stimulated insulin 
secretion, decreasing plasma triacylglycerol and glucose [11]. Adipose 
tissue and large fat cells seem to produce an entirely different pattern 
of hormones and inflammatory factors, such as adiponectin and 
leptin, than small adipocytes. Insulin resistance can be explained by 
these alternations in the production of inflammatory factors affecting 
glucose metabolism. Thereby weight loss can reduce the size of fat 
cells, normalizing the profile of these factors and improving glucose 
metabolism and insulin resistance [12,13]. 

Physical activity seems to improve glucose tolerance, 
independent of reducing weight and increasing energy expenditure, 
via improved capacity to oxidize fatty acids. Fatty acid oxidation 
increases during exercise reducing the accumulation of lipids and 
lipotoxic intermediated in skeletal muscle and thereby improving 
insulin sensitivity [12]. Exercise increases insulin sensitivity and 
promote movement of glucose from blood to muscles, decreasing 
insulin plasma levels [14]. Physical activity promotes an insulin-
independent mechanism that regulates glucose uptake which means 
that muscle contraction and exercise can activate signals and glucose 

transport in skeletal muscle which are not stimulated by insulin [15].
Many dietary factors are proposed to affect diabetes 

development. Dietary fibers delay absorption of carbohydrates in 
the intestine after a meal and thereby decrease the postprandial 
glycemic and insulinemic responses [16]. It is proposed that type 
and amount of dietary fat intake, not only favors increased energy 
intake and obesity, but also affect the phospholipid composition of 
cell membranes in skeletal muscle and other tissues, affecting insulin 
receptors and sensitivity [12]. Excess saturated fat seems to decrease 
skeletal muscle insulin sensitivity [17]. Dietary monounsaturated fat 
and polyunsaturated fat improve insulin sensitivity by increasing the 
fluidity of membranes facilitating membrane and insulin signaling 
and may influence the regulation of genes involved in the breakdown 
and oxidation of fatty acids [16,18]. 

In conclusion, although the study design and the goals of 
intervention group in the studies mentioned are not exactly the same, 
the studies mentioned illustrate that lifestyle intervention can have a 
beneficial impact on diabetes risk.
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