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Introduction 
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 More than 8% of adults worldwide have either IFG/IGT. Every year about 5–10% of these

people will develop diabetes and acquire the disease burden related to its diagnosis,

symptoms, need for surveillance for chronic consequences, and associated costs.(1)

 Prevention of T2D among those with prediabetes is a public health priority. Just as excess

body weight is strongly associated with insulin resistance and hyperglycemia, improved

glycemia is readily noticeable when individuals with overweight/obesity lose weight;

however, the health benefits of weight loss may persist only when the initial weight loss

persists over the long-term.(2)

1. Effect of rosiglitazone on the frequency of diabetes in patients with impaired glucose tolerance or impaired fasting glucose: a 

randomized controlled trial. Lancet.2006

2. Long-term Weight Loss with Metformin or Lifestyle Intervention in the Diabetes Prevention Program Outcomes Study. Ann Intern Med. 2019 
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N Engl J Med. 
2002 Feb 7

346(6): 
393–403.



Mechanism of Metformin Action
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 Metformin has several mechanisms and sites of action in humans. Its beneficial effects

include inhibition of gluconeogenesis with a consequent decrease in HGO and increased

insulin sensitivity, increased glucose utilization in the gut and enhanced insulin sensitivity in

skeletal muscle, and effects on the gut microbiota and the immune system.

 However, the mechanisms that contribute to its effects on body weight are not well

understood. Decreases in appetite and food intake have been reported with metformin in

several but not all studies. Metformin is not known to significantly alter energy expenditure.

REDUCTION IN THE INCIDENCE OF TYPE 2 DIABETES WITH LIFESTYLE INTERVENTION OR METFORMIN. N Engl J Med. 2002
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 Background

We hypothesized that modifying these factors with a lifestyle-intervention program or the

administration of metformin would prevent or delay the development of diabetes.

 Methods

We randomly assigned 3234 nondiabetic persons with elevated FPG and PLG concentrations to

placebo, metformin (850 mg twice daily), or a lifestyle-modification program with the goals of

at least a 7 % weight loss and at least 150 minutes of physical activity per week. The mean age

of the participants was 51 years, and the mean BMI was 34.0; 68 % were women.

REDUCTION IN THE INCIDENCE OF TYPE 2 DIABETES WITH LIFESTYLE INTERVENTION OR METFORMIN. N Engl J Med. 2002



Results
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 The lifestyle intervention reduced the incidence by 58% and metformin by 31%, as compared

with placebo; the lifestyle intervention was significantly more effective than metformin.

 To prevent one case of diabetes during a period of three years, 6.9 % would have to

participate in the lifestyle-intervention program, and 13.9% would have to receive

metformin.

REDUCTION IN THE INCIDENCE OF TYPE 2 DIABETES WITH LIFESTYLE INTERVENTION OR METFORMIN. N Engl J Med. 2002
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Figure 1.
Changes in Body Weight (Panel A) and 
Leisure Physical Activity (Panel B) and 
Adherence to Medication Regimen (Panel 
C) According to Study Group.

REDUCTION IN THE INCIDENCE OF TYPE 2 DIABETES WITH LIFESTYLE INTERVENTION OR METFORMIN. N Engl J Med. 2002

In the DPP, metformin and ILS were associated with

average weight losses over 2.8 years of 2.1 kg and

5.6 kg, respectively vs 0.1 kg with placebo.
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Effects of treatment on diabetes risk with population stratified by age at baseline
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REDUCTION IN THE INCIDENCE OF TYPE 2 DIABETES WITH LIFESTYLE INTERVENTION OR METFORMIN. N Engl J Med. 2002
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Effects of treatment on diabetes risk with population stratified by BMI at baseline
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REDUCTION IN THE INCIDENCE OF TYPE 2 DIABETES WITH LIFESTYLE INTERVENTION OR METFORMIN. N Engl J Med. 2002
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Effects of treatment on diabetes risk with population stratified by FPG at baseline
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REDUCTION IN THE INCIDENCE OF TYPE 2 DIABETES WITH LIFESTYLE INTERVENTION OR METFORMIN. N Engl J Med. 2002



ADA 2021

3/11/2021 12

Recommendations

 3.6   Metformin therapy for prevention of type 2 diabetes should be considered in 

those with prediabetes, especially for those with BMI≥35 kg/m2, those aged < 60 

years, and women with prior gestational diabetes mellitus. A

 3.7   Long-term use of metformin may be associated with biochemical vitamin B12 

deficiency; consider periodic measurement of vitamin B12 levels in metformin treated 

patients, especially in those with anemia or peripheral neuropathy. B
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Lancet
2002 Jun

15;359(9323):
2072-7. 
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 Background

We aimed to assess the effect of acarbose in preventing or delaying conversion of IGT to type 2

diabetes.

 Methods

In a multicentre, placebo-controlled randomized trial, we randomly allocated patients with IGT to 100

mg acarbose(714) or placebo(715) three times daily. The primary endpoint was development of diabetes

on the basis of a yearly OGTT. Analyses were by intention to treat.

 Findings

32% patients randomised to acarbose and 42% randomised to placebo developed diabetes (relative

hazard 0·75 [95% CI 0·63–0·90]; p=0·0015). Furthermore, acarbose significantly increased reversion of

IGT to NGT (p<0·0001).

Acarbose for prevention of type 2 diabetes mellitus: the STOP-NIDDM randomised trial. Lancet. 2002



3/11/2021 15Acarbose for prevention of type 2 diabetes mellitus: the STOP-NIDDM randomised trial. Lancet. 2002

Figure 3. 
Effect of acarbose and placebo on 
cumulative probability of remaining 
free of diabetes over time



Conclusion 
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Acarbose could be used, either as an alternative or in addition to changes in lifestyle, to 

delay development of type 2 diabetes in patients with impaired glucose tolerance.

NNT for prevention of diabetes: 

1/11 among IGTT cases for 3.3 years follow up

Acarbose for prevention of type 2 diabetes mellitus: the STOP-NIDDM randomised trial. Lancet. 2002
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Diabetes Care
2004

27(1):155-61
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 OBJECTIVE

We hypothesized that adding a weight-reducing agent to lifestyle changes may lead to

an even greater decrease in body weight, and thus the incidence of type 2 diabetes, in

obese patients.

 RESEARCH DESIGN AND METHODS

In a 4-year, double-blind, prospective study, we randomized 3,305 patients to lifestyle

changes plus either orlistat 120 mg or placebo, three times daily. Participants had a

BMI ≥30 kg/m2 and normal (79%) or IGT (21%). Primary endpoints were time to

onset of type 2 diabetes and change in body weight. Analyses were by intention to

treat.
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Figure 1 Cumulative incidence of diabetes by study group in all obese patients (IGT or NGT at baseline) and only in obese patients with IGT 
at baseline. The decrease in the risk of developing diabetes with orlistat plus lifestyle compared with placebo plus lifestyle is indicated. 
P values shown are for the log-rank test. 

XENical in the prevention of diabetes in obese subjects (XENDOS) study. Diabetes Care.2004
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Figure 2 Weight loss (means ± SEM) during 4 years of treatment with orlistat plus lifestyle changes or placebo plus lifestyle changes in obese 
patients (LOCF data).

XENical in the prevention of diabetes in obese subjects (XENDOS) study. Diabetes Care.2004



Conclusion
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In summary, the addition of orlistat to lifestyle changes significantly reduces the incidence of type

2 diabetes in obese subjects. With our study design, reduction was only apparent in the IGT

subgroup. Adding orlistat also significantly increases weight loss in obese patients with either IGT

or NGT and improves other cardiovascular risk factors. Orlistat treatment is safe and well tolerated

over 4 years of treatment.

NNT for prevention of diabetes: 

1/36 for 4 years follow up

XENical in the prevention of diabetes in obese subjects (XENDOS) study. Diabetes Care.2004
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Lancet
2006 Sep

23;368(9541):
1096-105
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 Background

Rosiglitazone is a thiazolidinedione that reduces insulin resistance and might preserve insulin

secretion. The aim of this study was to assess prospectively the drug's ability to prevent type 2

diabetes in individuals at high risk of developing the condition.

 Methods

5269 adults aged 30 years or more with IFG or IGT, or both, and no previous CVD were

recruited from 191 sites in 21 countries and randomly assigned to receive rosiglitazone (8 mg

daily; n=2365) or placebo (2634) and followed for a median of 3 years.

The primary outcome was a composite of incident diabetes or death. Analyses were done by

intention to treat.

Effect of rosiglitazone on the frequency of diabetes in patients with impaired glucose tolerance or impaired fasting glucose:

a randomized controlled trial. Lancet.2006
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Figure 2. 
Time to occurrence of 
primary outcome.

Effect of rosiglitazone on the frequency of diabetes in patients with impaired glucose tolerance or impaired fasting glucose:

a randomized controlled trial. Lancet.2006

306 (11.6%) individuals given 

rosiglitazone and 686 (26.0%) given 

placebo developed the composite 

primary outcome (hazard ratio 0.40, 

95% CI 0.35-0.46; p<0.0001); 

1330 (50.5%) individuals in the 

rosiglitazone group and 798 (30.3%) 

in the placebo group became 

normoglycaemic (1.71, 1.57-1.87; 

p<0.0001). 



Effect of rosiglitazone on the frequency of diabetes in patients with impaired glucose tolerance or impaired fasting glucose:

a randomized controlled trial. Lancet.2006
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Figure 4. Proportion of participants who either developed diabetes, regressed to normal, or had impaired fasting
glucose or impaired glucose tolerance, or both, at the last assessment
(A) FPG defined as concentration <6·1 mmol/L or (B) <5·6 mmol/L. The p value for the likelihood that the
distribution across categories would have occurred by chance using both FPG cutoff s was <0·0001.
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 This large, prospective, blinded international clinical trial shows that 8 mg of rosiglitazone daily,

together with lifestyle recommendations, substantially reduces the risk of diabetes or death by 60% in

individuals at high risk for diabetes.

 Mean SBP and DBP were 1·7 mm Hg and 1·4 mm Hg lower, respectively, in the rosiglitazone group

than in the placebo group (p<0·0001).

 Mean hepatic ALT concentrations during the first year of therapy were 4·2 U/L lower in patients

treated with rosiglitazone than those in the placebo group (p<0·0001).

Effect of rosiglitazone on the frequency of diabetes in patients with impaired glucose tolerance or impaired fasting glucose:

a randomized controlled trial. Lancet.2006

NNT for prevention of diabetes: 

1/7 among IGTT/IFG cases for 3 years follow up 



For every 1000 people treated with rosiglitazone 

for 3 years

144

Prevention 

of DM

4

CHF event

Conclusion
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Effect of rosiglitazone on the frequency of diabetes in patients with impaired glucose tolerance or impaired fasting glucose:

a randomized controlled trial. Lancet.2006

Rosiglitazone was also increased the likelihood of regression to normoglycaemia by about 70–80% suggests that it is 

treating dysglycaemia as well as reducing the frequency of diabetes.
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J Clin End 
Metab 2008

93(12):4774-9
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 Objective: The DPP sought to identify individuals with IGT and intervene in an effort to prevent

or delay their progression to diabetes. This analysis examined the differences between women

enrolled in DPP with and without a reported history of GDM.

 Design: The DPP was a randomized, controlled clinical trial.

 Setting: The study was a multicenter, National Institutes of Health-sponsored trial carried out at

27 centers including academic and Indian Health Services sites.

 Patients: A total of 2190 women were randomized into the DPP and provided information for

past history of GDM. This analysis addressed the differences between those 350 women

providing a past history of GDM and those 1416 women with a previous live birth but no history

of GDM.

 Main Outcomes: The primary outcome was the time to development of diabetes ascertained by

semiannual FPG and annual OGTT.

Prevention of diabetes in women with a history of gestational diabetes: effects of metformin and lifestyle interventions. 

J Clin Endocrinol Metab.2008 
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Prevention of diabetes in women with a history of gestational diabetes: effects of metformin and lifestyle interventions. 

J Clin Endocrinol Metab.2008 

Figure 2
Cumulative incidence of 
diabetes mellitus among 
the placebo group by
history of GDM.
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Prevention of diabetes in women with a history of gestational diabetes: effects of metformin and lifestyle interventions. 

J Clin Endocrinol Metab.2008 

Figure 3 
Change in weight during DPP by randomized treatment group. 

Without History of GDM With History of GDM
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Prevention of diabetes in women with a history of gestational diabetes: effects of metformin and lifestyle interventions. 

J Clin Endocrinol Metab.2008 

Figure 4 
Cumulative incidence of diabetes in DPP by randomized treatment group. 

50% 

Without History of GDM With History of GDM

14% 
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Prevention of diabetes in women with a history of gestational diabetes: effects of metformin and lifestyle interventions. 

J Clin Endocrinol Metab.2008 

NNT for prevention of diabetes: 

1/6 among GDM cases for 3 years follow up
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Lancet. 2009 
November 14; 

374(9702): 
1677–1686
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 BACKGROUND

In the 2·8 years of the DPP trial, diabetes incidence in high-risk adults was reduced by 58% with

intensive lifestyle intervention and by 31% with metformin, compared with placebo.

 METHODS

All active DPP participants were eligible for continued follow-up. 2766 of 3150 (88%) enrolled for a

median additional follow-up of 5·7 years. 910 participants were from the lifestyle, 924 from the

metformin, and 932 were from the original placebo groups. On the basis of the benefits from the

intensive lifestyle intervention in the DPP, all three groups were offered group-implemented lifestyle

intervention. Metformin treatment was continued in the original metformin group (850 mg twice

daily as tolerated), with participants unmasked to assignment, and the original lifestyle

intervention group was offered additional lifestyle support.
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Incidence of diabetes during DPP and DPPOS
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 10 year effects on diabetes incidence 

and weight loss were evaluated in 

2,766 subjects.

 Diabetes incidence rate was reduced 

by 34% for the original intensive 

lifestyle intervention group and by 

18% for the original metformin 

group compared with placebo. 

 Metformin decreased the incidence 

of overt diabetes by 13% compared 

with the original placebo group, 

whereas in the original intensive 

lifestyle group the incidence of overt 

diabetes was 5% higher than that in 

the placebo group. 

10-year follow-up of diabetes incidence and weight loss in the Diabetes Prevention Program Outcomes Study. Lancet 2009
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Incidence rates of diabetes in DPP/DPPOS according to study phase
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 The reduction in the cumulative 

incidence of diabetes by either 

lifestyle intervention or metformin 

therapy persists for at least 10 

years.

 The risk of developing diabetes 

was lowest for patients who had 

reverted from IGT to normal 

glucose regulation, irrespective 

of the original treatment 

assignment.

 During the longer-term evaluation 

alone, metformin was more 

effective than intensive lifestyle 

change in reducing the risk of 

onset of overt diabetes.

10-year follow-up of diabetes incidence and weight loss in the Diabetes Prevention Program Outcomes Study. Lancet 2009
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N Engl J Med 
2010

362:1477-1490
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 BACKGROUND

It is not known whether drugs that block the renin–angiotensin system reduce the risk of diabetes and

CVD in patients with IGT.

 METHODS

In this double-blind, randomized clinical trial with a 2-by-2 factorial design, we assigned 9306 patients

with IGT and established CVD or CVD risk factors to receive valsartan (up to 160 mg daily) or placebo

(and nateglinide or placebo) in addition to lifestyle modification. We then followed the patients for a

median of 5.0 years for the development of diabetes (6.5 years for vital status).

We studied the effects of valsartan on the occurrence of three coprimary outcomes: the development of

diabetes; an extended composite outcome of death from CVD, nonfatal MI, nonfatal stroke,

hospitalization for CHF, arterial revascularization, or hospitalization for ACS; and a core composite

outcome that excluded ACS and revascularization.



Effect of Valsartan on the Incidence of Diabetes and Cardiovascular Events. N Engl J Med 2010 3/11/2021 40

Figure 3 
Kaplan–Meier Curves for Three 
Coprimary Outcomes and Death.
Panel A shows the incidence of 
diabetes, the coprimary outcome. 
Panel B shows the coprimary
extended cardiovascular outcome, 
a composite of death from 
cardiovascular causes, nonfatal 
myocardial infarction, nonfatal 
stroke, hospitalization for heart 
failure, arterial revascularization, or 
hospitalization for unstable angina. 
Panel C shows the coprimary core 
cardiovascular outcome, a 
composite of death from 
cardiovascular causes, nonfatal 
myocardial infarction, nonfatal 
stroke, or hospitalization for heart 
failure. Panel D shows the 
outcomes of death from any cause 
and from cardiovascular (CV) 
causes. All P values are two-sided. 
The I bars indicate 95% confidence 
intervals.

14%
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 When added to lifestyle intervention, a single daily dose of valsartan (up to 160 mg)

reduced the risk of diabetes but not of cardiovascular events in patients with impaired

glucose tolerance and established cardiovascular disease or risk factors.

 The relative reduction of 14% in the risk of diabetes in the valsartan group would translate

into 38 fewer cases of diabetes per 1000 patients treated for 5 years, a reduction that

was consistent across all subgroups that we examined.

Effect of Valsartan on the Incidence of Diabetes and Cardiovascular Events. N Engl J Med 2010 
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N Engl J Med
2011 Mar

24;364(12):
1104-15
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 BACKGROUND

Impaired glucose tolerance is associated with increased rates of CVD and conversion to type

2 diabetes mellitus. Interventions that may prevent or delay such occurrences are of great

clinical importance.

 METHODS

We conducted a randomized, double-blind, placebo-controlled study to examine whether

pioglitazone can reduce the risk of type 2 diabetes mellitus in adults with IGT. A total of

602 patients were randomly assigned to receive pioglitazone or placebo. The median follow-

up period was 2.4 years. Fasting glucose was measured quarterly, and oral glucose tolerance

tests were performed annually. Conversion to diabetes was confirmed on the basis of the

results of repeat testing.
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Figure 2. 
Kaplan–Meier Plot of 
Hazard Ratios for Time to 
Development of Diabetes.

Pioglitazone for diabetes prevention in impaired glucose tolerance. N Engl J Med. 2011 Mar

72 %



Pioglitazone for diabetes prevention in impaired glucose tolerance. N Engl J Med. 2011 Mar3/11/2021 45

Figure 4. Effects of Pioglitazone as Compared with Placebo.
Over the course of the study, mean percentage changes and standard errors in continuous measures were calculated with the use
of a linear, mixed-repeated-measures model fit to all available data for each measure. As compared with placebo, treatment with
pioglitazone (dashed lines) had beneficial effects on fasting plasma glucose levels (Panel A), 2-hour plasma glucose levels (Panel B),
and HbA1c levels (Panel C) and on systolic and diastolic blood pressure (Panels E and F, respectively), alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels (Panels G and H, respectively), and carotid intima–media thickness (Panel I).
Weight gain was greater with pioglitazone than with placebo (Panel D).



Pioglitazone for diabetes prevention in impaired glucose tolerance. N Engl J Med. 2011 Mar3/11/2021 46
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Treatment with pioglitazone in patients with IGT reduced the risk of diabetes, although

pioglitazone was associated with significant weight gain and edema. Use of pioglitazone

improved DBP, HDL-C and serum levels of ALT and AST, and it slowed progression of

carotid intima–media thickening. The influence of these effects on long-term diabetic

complications remains to be determined.

Pioglitazone for diabetes prevention in impaired glucose tolerance. N Engl J Med. 2011 Mar

NNT for prevention of diabetes: 

1/18 among IGT cases for 2.4 years follow up
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N Engl J Med 
2012

367:319-328
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 Background

The provision of sufficient basal insulin to normalize fasting plasma glucose levels may

reduce cardiovascular events, but such a possibility has not been formally tested.

 Methods

 We randomly assigned 12,537 people (mean age, 63.5 years) with CVD risk factors plus

IFG, IGT, or type 2 diabetes to receive insulin glargine (with a target FBS ≤95 mg per

deciliter) or standard care and to receive n–3 fatty acids or placebo with the use of a 2-by-

2 factorial design.

 The median follow-up was 6.2 years (interquartile range, 5.8 to 6.7).
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 When persons without diabetes after the first OGTT underwent a second test a median of

100 days after insulin was stopped, additional cases of diabetes were detected in both

groups (i.e., 30% and 35% with diabetes, on the basis of OGTT performed in 44% and

47% of eligible participants, respectively; odds ratio, 0.80; 95% CI, 0.64 to 1.00; P=0.05).

 Moreover, when cases of diabetes that could not be confirmed by the predefined

adjudication criteria (i.e., uncertain diabetes) were added to those that met the adjudication

criteria after both OGTT, the incidence of diabetes was reduced by 31% (i.e., 35% vs.

43%; odds ratio, 0.69; 95% CI, 0.56 to 0.86; P=0.001).

Main Findings

Basal Insulin and Cardiovascular and Other Outcomes in Dysglycemia. N Engl J Med 2012
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In summary, therapy with basal insulin glargine for more than 6 years had a neutral effect on

cardiovascular outcomes and cancers.

Moreover, this therapy maintained near-normal glycemic control and slowed progression of

dysglycemia, but it was associated with a modest increase in hypoglycemic episodes and in

weight.

Basal Insulin and Cardiovascular and Other Outcomes in Dysglycemia. N Engl J Med 2012
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Lancet 
Diabetes
Endocrinol .2015

3(11): 
866–875



Long-term Effects of Lifestyle Intervention or Metformin on Diabetes Development and Microvascular Complications: the DPP Outcomes Study. 

Lancet Diabetes Endocrinol. 2015
3/11/2021 53

Figure 2: Diabetes Prevention Program Outcomes Study consort diagram.

(DPPOS 2002–2013) (DPPOS 2002–2013) 

(1996–2001)



Long-term Effects of Lifestyle Intervention or Metformin on Diabetes Development and Microvascular Complications: the DPP Outcomes Study. 

Lancet Diabetes Endocrinol. 2015
3/11/2021 54

Figure 2:
Cumulative incidence of 
diabetes by treatment group 
among the 2776 DPPOS 
participants. The DPP and 
DPPOS periods, and the 
overlap between them, are 
indicated. 

Over the entire study, the 
incidence rates for 
participants were 7.0%, 5.7% 
and 5.2% per year for 
placebo, metformin and 
lifestyle, respectively, The difference between lifestyle and metformin was 

not significant (p=0.10). 
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2017 Apr8

389(10077):
1399-1409
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3 years of liraglutide versus placebo for type 2 diabetes risk reduction and weight management in individuals with prediabetes: a randomised, 

double-blind trial. Lancet. 2017

 Background

Liraglutide 3·0 mg was shown to reduce bodyweight and improve glucose metabolism after the

56-week period of this trial, one of four trials in the SCALE programme. In the 3-year

assessment of the SCALE Obesity and Prediabetes trial we aimed to evaluate the proportion of

individuals with prediabetes who were diagnosed with type 2 diabetes.

 Methods

In this randomised, double-blind, placebo-controlled trial, adults with prediabetes and a BMI of

at least 30 kg/m2, or at least 27 kg/m2 with comorbidities, were randomised 2:1, using a

telephone or web-based system, to once-daily subcutaneous liraglutide 3·0 mg or matched

placebo, as an adjunct to a reduced-calorie diet and increased physical activity. Time to diabetes

onset by 160 weeks was the primary outcome, evaluated in all randomised treated individuals

with at least one post-baseline assessment.



3 years of liraglutide versus placebo for type 2 diabetes risk reduction and weight management in individuals with prediabetes: a randomised, 

double-blind trial. Lancet. 2017
3/11/2021 57

Figure 2: Liraglutide 3·0 mg and glycaemic status
LOCF=last-observation-carried-forward. OR=odds ratio. *Derived from the primary Weibull analysis. (A) Kaplan-Meier estimates of the proportion of
participants who received a diagnosis of type 2 diabetes during the course of the trial. Glycaemic status was defined according to American Diabetes
Association 2010 criteria.17 All individuals for whom diabetes was diagnosed had prediabetes at screening, except for one in the placebo group, who
had normoglycaemia. The numbers along the graph lines show the cumulative number of individuals who received a diagnosis of diabetes over the
course of 172 weeks. The time until 1% were diagnosed with diabetes was 90 weeks with liraglutide 3·0 mg and 24 weeks with placebo (post-hoc
analysis). Participants were off treatment during the 12-week observational follow-up period, but still on diet and exercise.

Cumulative number of individuals who received a diagnosis 
of diabetes over the course of 172 weeks 

79 %



However !
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The need for daily injections and high cost are key 

limitations of liraglutide for longterm weight 

management and T2D prevention. Therefore, other 

interventions that could promote LTWL are needed.

3 years of liraglutide versus placebo for type 2 diabetes risk reduction and weight management in individuals with prediabetes: a randomised, 

double-blind trial. Lancet. 2017
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Long-term Sustainability of Diabetes Prevention Approaches: A Systematic Review and Meta-analysis of Randomized Clinical Trials.

JAMA Intern Med.2017

 Importance

Diabetes prevention is imperative to slow worldwide growth of diabetes-related morbidity

and mortality. Yet the long-term efficacy of prevention strategies remains unknown.

 Objective

To estimate aggregate long-term effects of different diabetes prevention strategies on diabetes

incidence.

 Data Sources

Systematic searches of MEDLINE, EMBASE, Cochrane Library, and Web of Science

databases. The initial search was conducted on January 14, 2014, and was updated on

February 20, 2015. Search terms included prediabetes, primary prevention, and risk

reduction.



Long-term Sustainability of Diabetes Prevention Approaches: A Systematic Review and Meta-analysis of Randomized Clinical Trials.

JAMA Intern Med.2017
3/11/2021 61

53%

63%

9 %

32%

9 %

32%



Long-term Sustainability of Diabetes Prevention Approaches: A Systematic Review and Meta-analysis of Randomized Clinical Trials.

JAMA Intern Med.2017
3/11/2021 62

Twenty-one studies including 24 comparisons were analyzed. Active treatment mean (SD) duration was 3.1 (1.5) years (range, 1.0-6.3 years). Overall RR is the pooled effect for all studies; subgroup RR is the pooled effect for a subgroup of studies. 

ACE indicates angiotensin-converting enzyme; ACT NOW, Actos Now for Prevention of Diabetes; BIP, Bezafibrate Infarction Prevention Study; CANOE, Canadian Normoglycemia Outcomes Evaluation; DAISI, Dutch Acarbose Intervention 

Study in Persons With Impaired Glucose Tolerance; DIANA, Diabetes and Diffuse Coronary Narrowing; DPP, Diabetes Prevention Program; DREAM, Diabetes Reduction Assessment With Ramipril and Rosiglitazone Medication; ER, extended 

release; HERS, Heart and Estrogen/progestin Replacement Study; IDPP, Indian Diabetes Prevention Programme; NAVIGATOR, Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes Research; ORIGIN, Outcome Reduction With 

Initial Glargine Intervention; RAS, renin-angiotensin system; STOP-NIDDM, Study to Prevent Non–Insulin-Dependent Diabetes Mellitus; TRANSCEND, Telmisartan Randomised Assessment Study in ACE Intolerant Subjects With Cardiovascular 

Disease; and XENDOS, Xenical in the Prevention of Diabetes in Obese Subjects.
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Efficacy of Medication Interventions
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 During the active intervention period (mean [SD], 3.1 [1.5] years; range, 1.0-6.3 years), medication trials

(n = 21; 18 medication and 3 LSM plus medication trials) achieved an RR reduction of 36% (RR, 0.64;

95% CI, 0.54-0.76).

 Diabetes incidence rates in intervention participants were 5.4 cases per 100 person-years compared with

9.4 cases per 100 person-years in control participants (RD, 4.0; 95% CI, 2.3-5.7).

NNT for prevention of diabetes: 

1/25 for 3 years follow up

Long-term Sustainability of Diabetes Prevention Approaches: A Systematic Review and Meta-analysis of Randomized Clinical Trials.

JAMA Intern Med.2017
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The mean observation periods for 

washouts across these studies was 17 

weeks. Compared with those 

receiving placebo, participants 

receiving the study drug had a 29% 

lower diabetes risk at the end of the 

active intervention, while no 

significant RR reductions were 

observed at the end of the washout 

period.

We found that participants receiving 

LSM interventions had lower risk for 

diabetes than control participants 5 to 

9 years after completing the 

intervention, although the effects 

decreased over time.



Heterogeneity and Study Quality
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 Studies were heterogeneous, leading to a high proportion of variability between

study effects.

 In a multivariate meta-regression, amount of weight lost, participant mean age,

and proportion of male participants accounted for 59% of the heterogeneity

(P < .01).

 In which every kilogram lost explained an additional 7% decrease in diabetes

relative risk

Long-term Sustainability of Diabetes Prevention Approaches: A Systematic Review and Meta-analysis of Randomized Clinical Trials.

JAMA Intern Med.2017
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Effects of Lifestyle Modification and Anti-diabetic Medicine on Prediabetes Progress: A Systematic Review and Meta-Analysis. 

Front Endocrinol.2019
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(A) Relative risk ratio and 95% credible interval of strategy 

interventions compared to control group in Bayesian 

random effect model of network meta-analysis. 

(B) Network plot: Weight the nodes according to the 

number of patients that have received each treatment; 

calculate the control group risk for studies including 

the control and weight the edges according to the mean 

control group risk for all comparisons vs. control.
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Effects of Lifestyle Modification and Anti-diabetic Medicine on Prediabetes Progress: A Systematic Review and Meta-Analysis. 

Front Endocrinol.2019

 Compared to placebo, GLP-1RAs , TZD Plus Metformin and TZD signifiy

significantly delayed the progression of diabetes; however, the limited sample size and the small quantity of

studies caused instability of this inference.

 The data of both GLP-1RAs and orlistat were captured from severely obese people (mean BMI = 39 and 37

respectively), contributing to potential inconsistency. Metformin is less effective in people with lower

baseline BMIs or lower FPG concentrations than in those with higher values for these variables; the

drug works by inhibiting endogenous glucose production.

 It was suggested that the differences in insulin sensitivity and insulin secretion between IGT and IFG, and

the greater severity of the abnormalities when both coexist might predict different rates of progression to

diabetes, and different pharmacological agents might be needed to treat the pathophysiology.

 Therefore, more relevant trials are needed to reinforce or further complement this review, especially for

endpoints of clinical complications, such as cardiovascular events/death and data on cost-effectiveness.

72% 67% 61%
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Figure 3 
SUCRA Value of Diabetic Incidence. We ranked all fourteen intervention strategies based on their probabilities of prediabetes leading 
to diabetes and calculated SUCRA to obtain a more precise sorted consequence. The lower the SUCRA value, the more likely this 
measure is to prevent the progression of the diabetes process.

Surface Under the Cumulative Ranking (SUCR) value 
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Effects of Lifestyle Modification and Anti-diabetic Medicine on Prediabetes Progress: A Systematic Review and Meta-Analysis. 

Front Endocrinol.2019



Effects of Lifestyle Modification and Anti-diabetic Medicine on Prediabetes Progress: A Systematic Review and Meta-Analysis. 

Front Endocrinol.2019
3/11/2021 70

Figure 5 

BMI

SBP

DBP



Effects of Lifestyle Modification and Anti-diabetic Medicine on Prediabetes Progress: A Systematic Review and Meta-Analysis. 

Front Endocrinol.2019
3/11/2021 71

Figure 5 
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Conclusion
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In adults with pre-diabetes, firm evidence supports the notion that lifestyle modifications

and metformin reduces the incidence of diabetes with an average of 20% relative risk

reduction, while statins increase the relative risk 20%.

Effects of Lifestyle Modification and Anti-diabetic Medicine on Prediabetes Progress: A Systematic Review and Meta-Analysis. 

Front Endocrinol.2019
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 Background

Identifying reliable predictors of long-term weight loss could lead to improved weight management.

 Objective

To identify predictors.

 Design

The DPP was a randomized controlled trial that compared weight loss using placebo, intensive

lifestyle intervention, or metformin, and its Outcomes Study (DPPOS) observed patients after the

masked treatment phase ended.

 Participants

Of the 3234 randomized participants, 1066 lost ≥ 5% of their baseline weight during the first year

and have been followed for 15 years.
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 Primary aims

To compare among participants who achieved clinically significant 1-year weight loss of ≥5%, differences in long-

term weight loss maintenance according to originally randomized intervention group, and to examine baseline

factors that predicted success in maintaining weight loss for up to 15 years.

 Results

 After 1 year, 28.5% metformin participants, 62.6% intensive lifestyle participants, and 13.4% placebo

participants, achieved ≥ 5% weight loss.

 After the masked treatment phase ended, the mean amount of weight loss relative to baseline that was

maintained between years 6 and 15 was 6.2% for metformin participants, 3.7% for intensive lifestyle

participants, and 2.8% for placebo participants.



Predictors of long-term weight loss ; Metformin

3/11/2021 76

For years 5,10, and 15 and overall, only older age at baseline (per 10 years; odds ratios

[ORs], 1.74, 2.25, 2.37, and 1.74, respectively; overall P < 0.001), greater weight loss at

year 1 (per 5% loss; ORs, 2.08, 1.97, 1.14, and 1.70, respectively; overall P < 0.001), and

active use of study metformin (use vs. nonuse; ORs, 4.83, 4.02, 2.17, and 1.91,

respectively; overall P < 0.001) independently predicted LTWL.

Long-term Weight Loss with Metformin or Lifestyle Intervention in the Diabetes Prevention Program Outcomes Study. Ann Intern Med. 2019 
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For Years 5, 10, 15 and overall, only older age at baseline (per 10 years; odds ratios [ORs] 1.74, 2.25, 2.37 and 1.74, respectively; overall p<0.001), greater Year 1 weight loss

(per 5% weight loss; ORs 2.08, 1.97, 1.14 and 1.70, respectively, overall p<0.001), and active use of study-metformin (taking vs not taking metformin; ORs 4.83, 4.02, 2.17

and 1.91; overall p<0.001) independently predicted LTWL.



Conclusion
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We examined body weight changes over 15 years among overweight or obese subjects at risk for T2D who

enrolled in the DPP and continued in the DPPOS, and elucidated characteristics of those achieving LTWL.

Our key findings are:

1) Although twice as many participants in the ILS group versus the metformin group lost at least 5% of

their weight in the first year, those who were originally assigned to metformin had greater success in

maintaining LTWL.

2) Greater 1-year weight loss predicted LTWL in all groups. Other independent predictors of LTWL were

older age and current use of metformin in the metformin group, older age and absence of either

diabetes or a family history of diabetes in the ILS group.

3) Cumulative diabetes incidence rates over 15 years were lower among those who lost at least 5% of their

weight in the first year.

Long-term Weight Loss with Metformin or Lifestyle Intervention in the Diabetes Prevention Program Outcomes Study. Ann Intern Med. 2019 



Metformin
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Future investigations should focus on whether metformin could be a useful intervention for LTWL 

after initial weight loss with lifestyle interventions, antiobesity drugs or devices, or bariatric surgery.

After 1 year 30 %100 %
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50 %After 15 years

5 %
Weight loss
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؛آخرکالم
میتوانددوهرزمانهمحضوریاوگلوکزتحملاختالالتتامختلناشتایقندازگلوکزتحملاختالالتپاتوفیزیولوژیصحیحشناخت

.نمایدبسزاییکمکدیابتازکنندهپیشگیریداروییمداخالتدر

نیزرامیرومرگوعرقی-قلبیحوادثریسککاهشبلکهدیابتازپیشگیریتنهانهاستالزمداروییمداخالتدرنهاییهدف

.دادقرارنظرمدرادرمانهزینهمداخالت،اینطیدراستالزمالبته.نمایدلحاظ

وزنکاهشتداومدرآننقشواخیرمطالعاتومتفورمیندارویازاستفادهدههدوازبیشتجربهبهتوجهبا،

سطوحباوترپایینسنافراددرخصوصاًدیابتیپیشوضعیتباتواموزناضافهبهمبتالیاندرآنازاستفاده

.گیردقرارمدنظرتریگستردهشکلبهمیتواندصرفهبهمقرونمداخلهیکعنوانبهقندباالتر


