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Introduction

The increasing prevalence of type 
2 diabetes (T2DM) constitutes a 

leading global public health concern. 
It is estimated that there are more than 
318 million people with prediabetes 
worldwide.1 According to the American 
Diabetes Association (ADA) expert 
panel; up to 70% of individuals with 
prediabetes will eventually develop 
diabetes. An interaction of genetic and 
environmental risk factors causes T2DM 
and dysglycaemia. Insulin resistance 
and β-cell dysfunction are genetically 
determined,  and weight  gain and 
physical inactivity aggravate these 
inherited metabolic abnormalities. 
Current evidence explains a two-step 
development of  T2DM. 2 Primarily 
in normal glucose tolerant  (NGT) 
individuals, development of insulin 
resistance causes impaired glucose 
tolerance (IGT). At this stage, plasma 
insulin levels are elevated but β -cell 
c o m p e n s a t o r y  h y p e r i n s u l i n e m i a 
occurs due to β-cell  insufficiency. 
C o n s e q u e n t l y ,  I G T  a d va n c e s  t o 
T 2 D M  b e c a u s e  o f  a  p r o g r e s s i ve 
decline in β-cell function and insulin 
resistance increases further (Figure 

mechanisms, in addition to weight 
control or reduction. 3

This review revisits the utility of 
metformin in diabetes risk reduction 
and metabolic disorders and the safety 
profile of the drug.  

Metformin is a biguanide that has 
been in use for decades to treat diabetes. 
Efficacy and safety of metformin in 
the management of  T2DM is  well 
established.3 It has the advantage that it 
is rarely associated with hypoglycaemia 
unless used in conjunction with insulin 
secretagogues such as sulphonylureas 
or insulin. Metformin has beneficial 
effects on body mass index (BMI) and 
lipid concentrations and has been 
proven to be safe showing no serious 
adverse effects.4 Besides acting as an 
oral hypoglycaemic agent, it has been 
used with diet and physical activity to 
prevent diabetes in people at high risk. 
It is also used in treating polycystic 
ovarian syndrome and gestational 
diabetes in women. 

Metformin reduces plasma glucose 
level by several different mechanisms, 
in particular through non-pancreatic 
mechanisms without increasing insulin 
secret ion.  I t  sensit izes the effects 
of insulin;  hence,  termed “insulin 
sensitizer”. Metformin also suppresses 
the endogenous glucose production 
by the liver, which is mainly due to a 
reduction in the rate of gluconeogenesis 
and a small effect on glycogenolysis. 

Moreover, metformin activates the 
enzyme adenosine monophosphate 
k i n a s e  ( A M P K )  r e s u l t i n g  i n  t h e 
inhibition of key enzymes involved 
in  gluconeogenesis  and glycogen 
synthesis in the liver while stimulating 
insulin signaling and glucose transport 
in  musc les .  AMPK regula tes  the 
cellular and organ metabolism and 

1). The progressive decline in insulin 
sensi t ivi ty  and β-cel l  funct ion in 
prediabetes should be arrested or 
reversed. Persons with prediabetes are 
also at a high risk of damage to the 
micro and macrovasculature.   

Persons with IGT characterized by 
postprandial (2hr plasma glucose 140mg 
to ≤199mg/dl) and fasting (110mg/dl 
to ≤125mg/dl) hyperglycaemia are at 
increased risk for the development of 
diabetes and are the target population 
for interventions which prevent or 
delay the onset of T2DM. Lifestyle 
modifications involving healthy dietary 
habits, regular physical activity have 
been shown to aid in prevention of 
diabetes. But the long-term adherence 
i s  o f t e n  d i f f i c u l t ,  l i m i t i n g  t h e i r 
effectiveness. Pharmacotherapy has 
also shown the benefit with respect to 
diabetes prevention. 

A few pharmacological agents such 
as metformin,  thiazolidenediones, 
acarbose, drugs for weight loss and 
basal insulin have also proven to be 
effective in preventing the progression 
to diabetes in high risk subjects. They 
are likely to act through a number of 

Abstract 
Identification and treatment of individuals with prediabetes is crucial. Effective 
interventional strategies are key to reducing the diabetes risk at the population 
level. Lifestyle intervention is found to be more effective but more expensive. 
Evidence of potential benefits from pharmacotherapy is accumulating. The choice 
of a pharmacologic intervention to reduce the progression of type 2 diabetes 
(T2DM) in high risk individuals must consider the balance between the benefit to 
risk ratio. A meta-analysis of the results of the three important studies has shown 
that metformin used for up to three years decrease the likelihood of progression 
to diabetes.  Metformin showed greater beneficial effect in people with higher 
baseline Body Mass Index (BMI) and higher Fasting Plasma Glucose (FPG) than in 
leaner prediabetic counterparts with low FPG concentrations. Besides diabetes 
risk reduction, the drug has also proved to be cancer and cardio-protective. 
The National Institute for Clinical Excellence, UK has recommended the use of 
metformin in prevention of T2DM in adults at high risk on failure to adhere to 
lifestyle changes. In view of the long standing safety and tolerability, metformin 
could be prescribed to people who are unable to comply with lifestyle advice. 



Journal of The Association of Physicians of India ■ Vol. 66 ■ March 2018 71

any decrease in hepatic energy, leads to 
the activation of AMPK. Furthermore, 
metformin increases the peripheral 
glucose disposal that arises largely 
through increased  non-ox idat ive 
glucose disposal into skeletal muscle.5-7 

The major side-effect of metformin is 
gastrointestinal irritations which can be 
minimized by smaller doses or by using 
prolonged–released formulations.8 The 
risk of lactic acidosis is extremely rare. 
Vitamin B12 deficiency, if occurs can 
be reduced with supplementation of 
the vitamin.  

Metformin is first line recommended 
therapy for T2DM according to the 
International  Diabetes Federation 
Global Guidelines for type 2 Diabetes, 
in agreement with similar guidelines 
from the American Diabetes Association 
( A D A) ,  a s  we l l  a s  t h e  E u r o p e a n 
Association for the Study of Diabetes 
( E A S D ) . 9 , 1 0  T h e  A D A  C o n s e n s u s 
Conference also recommended that 
high-risk individuals (HbA1c ≥ 6.0%; 
body mass index ≥ 30 kg/ m 2;  age 
≤ 60 years)  with IGT or Impaired 
Fasting Glucose (IFG) be treated with 
metformin.11 

Studies in Primary Prevention 
using Metformin 

Several drugs have been successfully 
used in the prevention of T2DM; among 
them metformin has been studied 
extensively in different populations for 
prevention of diabetes.  

The BIGPRO (BIGuanides and the 

Prevention of the Risk of Obesity) 
study was one of the earlier studies 
des igned  to  inves t iga te  whether 
metformin, used in combination with 
lifestyle modification, could modify the 
metabolic abnormalities associated with 
insulin resistance in persons without 
diabetes but with central adiposity 
(high waist-to-hip ratio).12 Compared 
w i t h  p l a c e b o ,  t h i s  c o m b i n a t i o n 
produced significant weight loss, better 
maintenance of fasting blood glucose, 
total and LDL cholesterol levels, and 
a greater decrease of fasting plasma 
insulin concentration. This was an early 
observation that suggested metformin 
would be a suitable candidate for 
long-term intervention treatment for 
the prevention of diabetes. 

In  the  US Diabetes  Prevent ion 
Programme (DPP) use of metformin 
(1700 mg/day) resulted in a 31% relative 
risk reduction (RRR) in the incidence 
of T2DM in subjects with IGT during a 
median follow-up period of 2.8 years.13 
Its effectiveness was lower compared to 
that of intensive lifestyle modification 
(LSM) (58%).  The effectiveness of 
intervention was largely attributable to 
weight reduction as subjects recruited 
were largely overweight or obese. In 
the LSM group nearly 5% developed 
diabetes per year compared to 7.8% 
metformin and 11% in the placebo 
group. During the extended follow-up; 
Diabetes Prevention Program Outcomes 
Study (DPPOS), both metformin and 
lifestyle intervention showed long-tem 

beneficial effects, but did not reduce 
microvascluar complications (Table 1).14 

The Indian Diabetes Prevention 
Programme-1 ( IDPP-1)  conducted 
in subjects with IGT compared the 
effectiveness of moderate but consistent 
LSM and treatment with metformin in 
smaller does (500 mg/day) vs a control 
group.15 A combination of LSM and 
metformin was also used. This study 
in comparatively non-obese, Asian 
Indian subjects showed that all the 
three modalities of intervention had 
approximately 28% RRR in relation to 
the control group in the incidence of 
diabetes in a period of 3 years. Thus, 
metformin was found to be equally 
ef fect ive  as  LSM in  reducing the 
incidence of diabetes among subjects 
with IGT (Table 1).

The Chinese DPP, evaluated the 
effects of diet and exercise, acarbose 
and metformin on the incidence of 
T2DM in 321 subjects  with IGT. 16 
During the mean study period of 3 
years, glycaemic level deteriorated in 
the control group. In the LSM group, 
the fasting plasma glucose increased 
slightly with beneficial changes in 
postprandial  plasma glucose;  and 
in the drug treated group, both the 
glycaemic indices showed significant 
reduction. Beneficial changes were 
seen with acarbose and metformin in 
reducing the risk of diabetes. The RRR 
with metformin (750 mg/day) was 77%, 
while it was 88% in the group treated 
with acarbose (Table 1).

A study in 63 subjects with IFG using 
acarbose and metformin compared to 
placebo showed that metformin was 
more effective at 3 years than acarbose 
in reducing the incidence of diabetes vs 
placebo (8%,37% RRR respectively).17 
At a 6 year followup of patients the 
RRR was significantly with acarbose 
(0.66) but not with metformin (1.09) 
for subjects  with IGT at  baseline. 
Probably, there could be difference in 
the effectiveness of therapy in subjects 
with IFG/IGT.

A meta-analysis of  randomized 
trials of at least 8 weeks of metformin 
use compared with placebo or no 
treatment in non-diabetic persons 
was performed.18 The analysis of 31 
trials with 4570 participants followed 
for 8267person-years showed that 
incidence of diabetes was reduced by 
40% with an absolute risk reduction of 
6%. During mean trial duration of 1.8 

Fig. 1:  Pathogenesis of type 2 diabetes
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Figure 1 – Pathogenesis of Type 2 Diabetes   
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years, significant improvement in body 
weight, lipid profile, insulin resistance 
and benefit on incidence of diabetes 
were noted.

R e s u l t s  o f  t h e  C a n a d i a n 
Normoglycemic Outcomes Evaluation 
(CANOE) trial in 207 subjects with 
IGT, randomly assigned to receive 
a combination of 2 mg rosiglitazone 
and 500 mg metformin twice daily or 
matching placebo for a median of 3.9 
years showed that the combination was 
highly effective in preventing type 2 
diabetes (Table 1).19 

Observational studies in insulin 
resistant adults have shown metformin 
use can reduce the incidence of diabetes 
with reduced fast ing glucose and 
atherogenic lipid fractions.20

Prevention of T2DM in Women 
with Gestational Diabetes 
Mellitus (GDM)

Metformin has been found to be 
effective and safe for the treatment of 
GDM, particularly in overweight and in 
obese women. Recently, the Endocrine 
Society  has  conf irmed the  use  of 
metformin during pregnancy and also 
recommended it as a first-line treatment 
of  cutaneous  mani fes ta t ions ,  for 
prevention of pregnancy complications, 
and for the treatment of obesity.21 In the 
DPPOS, women with a history of GDM 
assigned to the placebo group had a 
48% higher risk of progressing to T2DM 
than women without a history of GDM. 
The study specifically examined 350 
women with a history of GDM and 1416 
women with previous live births but 
no GDM. Among those who had GDM, 
both intensive lifestyle intervention 
and metformin reduced progression to 

diabetes compared with placebo by 35% 
and 40% respectively. However, among 
women with no prior GDM, metformin 
had no impact while intensive lifestyle 
intervention reduced progression to 
diabetes by 30%.22 

Weight Loss

Obesity is the most important causal 
factor for progression of IGT to diabetes 
and is primarily responsible for the 
rising trend in T2DM. Weight loss 
achieved via lifestyle modification or 
pharmacologic intervention enhances 
insulin sensitivity thereby improving 
glucose tolerance in IGT individuals. 
Metformin reduces insulin resistance 
which is the underlying cause of both 
obesity and PCOS in non-diabetic 
persons. Improving insulin sensitivity 
may account for weight reduction 
under metformin therapy. Effect of 
metformin on weight loss has been 
reported in several trials.23,24 Results of 
the two large studies by the Diabetes 
Prevention Program Research Group 
found metformin most effective in obese 
participants (baseline BMI > 35 kg/m2), 
with a 53% reduction in the incidence 
of diabetes, and in participants < 45 
years of age, with a 44% reduction. 
Metformin had little benefit for older 
individuals who were 60–85 years of 
age at baseline. The effectiveness of 
metformin was attributed in part to 
weight loss, which averaged 1.7 kg 
and accounted for 64% of the beneficial 
effect of metformin. Importantly, after 
an average of 10 years of follow-up, 
the metformin group had maintained 
an average weight loss of 2.5 kg, and 
diabetes risk was reduced by 18% 
compared to the former placebo group. 

The mean weight change at 1 year was 

22.7 kg in the metformin group and 
20.4 kg in the placebo group. However, 
adherence to metformin did not impact 
the waist circumference during the first 
two years.14

Studies conducted in India and 
China reported similar reductions in 
diabetes risk.15,16 In a study comparing 
metformin, exercise (about 190 minutes 
per week), and the combination of the 
two in persons with impaired glucose 
tolerance, metformin and metformin 
plus exercise decreased body weight 
more than exercise alone.25 

Cost Effectiveness

T2DM causes increased mortality 
and morbidity at a younger age than in 
the normal population. Management of 
the disease is costly and being a chronic 
disorder it requires constant medical 
care. In 2012, the ADA estimated that 
the cost incurred due to diabetes was 
$306 billion as direct medical costs 
which is  more than 1 of  5 dollars 
spent on medical care in the U.S.26 
Only a few studies such as the DPP 
and IDPP-1 examined the cost and 
cost effectiveness of the prevention 
programmes.  A recent within - trial 
analysis of resource utilization and 
outcomes from the DPP and DPPOS 
confirmed that an intensive lifestyle 
intervention is extremely cost-effective 
and metformin treatment is possibly 
cost-saving over 10 years.27 In the IDPP, 
an analysis of the cost-effectiveness of 
the interventions showed both LSM 
and metformin to be cost-effective in 
preventing diabetes in India which 
may be applied to other developing 
countries as well.28  

Other Benefits: Cardiovascular 
Disease and Cancer 

Metformin has been associated with 
reduced incidence of cardiovascular 
disease (CVD) and cancer prevention. 
It has been shown to have favorable 
effects on a number of cardiovascular 
risk factors, including lipids, body 
weight, blood pressure and platelet 
function. In the UK Prospective Diabetes 
Study, metfomin was found to produce 
decreased risk of myocardial infarction 
compared to other intensive therapy 
in overweight persons (hazard ratio 
(HR) 0.61, 95%-confidence interval (CI) 
0.41–0.89; p = 0.01]. The risk reduction 
for myocardial infarction persisted in 
the metformin group during 10 years of 

Table 1:  Randomized trials on primary prevention using metformin

Study (year) (Ref) Population 
patients in each 
group (active: 
placebo)*

Medication (mg) Duration 
(Years)

Cumulative 
incidence in 
control (%)

Relative Risk 
reduction % 

(95%CI)

DPP (2002)13 Multi ethnic 
(1073:1082)

Metformin: 850/ 
twice daily

2.8 28.9 31 (17-43)

DPPOS (2009)14 Multi ethnic 
(910:924)

Metformin: 850 mg/ 
twice a day

8 Metformin 
4.9/100 person 
years (4.2-5.7)

18 (7-28)

IDPP-1 (2006)15 Asian Indian 
(133:136)

Metformin: 250/ 
twice daily

2.5 55 26 (19-5)

The Chinese 
Diabetes 
Prevention Trial 
(2001)16

Chinese (88:85) Metformin: 250/ 
thrice daily

3 11.6 77 (NR)

CANOE (2011)19 Multi ethnic 
(103:104)

Rosiglitazone: 4 mg/
day and metformin: 
1000 mg/day

3.9 39 66 (41-80)

NR: Not reported
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post-trial observational follow-up (HR 
0.67, 95%-CI 0.51–0.89; p = 0.005), despite 
an early loss of glycated haemoglobin 
(HbA1c) differences between treatment 
groups, suggesting a legacy effect 
of early intensive glucose-lowering 
therapy with metformin for obese 
patients. However, a cardioprotective 
effect of metformin in excess of that 
conferred by i ts  glucose-lowering 
ability have not been confirmed based 
on meta-analyses from large and small 
trials. To date, no such prospective 
cardiovascular outcome trials with 
metformin are sparse.29

Epidemiologic evidence from large 
cohort metformin studies suggests 
benefit for several types of cancers. 
A meta-analysis of 11 observational 
studies showed a 31% reduced risk 
of cancer in those taking metformin 
compared to other antidiabetic drugs. 
Preclinical studies have shown that 
metformin can inhibit  the growth 
of cancer cells in vitro and in vivo 
and provide evidence for a direct, 
insul in- independent  ant i - tumour 
effect. Metformin has shown strong 
antiproli ferat ive effects  on colon, 
pancreatic, breast, ovarian, prostate and 
lung cancer cells. Preclinical studies 
have also shown reliable anti-tumoral 
effects in different animal models. 
A c l inical  t r ia l  has  demonstrated 
beneficial effect in colon and breast 
cancers.30

Controversies on the use of 
Metformin

Despite the several studies on the 
efficacy of metformin in reducing the 
incidence of diabetes there has been 
an active debate as to the rationale 
and benefit for using metformin as 
a  pharmacological  agent  to  delay 
or  prevent  d iabetes  progress ion . 
The American Diabetes Association 
in its “Standards for Medical Care 
in Diabetes” guidel ines,  2013 has 
recommended metformin for use in 
diabetes prevention for those at very 
high risk, under the age of 60, are 
severely obese, or have a history of 
gestational diabetes. 31 

However,  according to a  study 
conducted between 2010 and 2012, 
metformin is still a rarely prescribed 
drug for prediabetes. Data obtained 
from a retrospective study conducted 
in a large private insuring company 
in the US found that among 17,352 

adults aged 19 to 58 with pre-diabetes, 
metformin was prescribed for only 
3.7% of individuals with prediabetes 
for over three years.  Among those 
with a BMI > 35 kg/m2 or gestational 
diabetes the prevalence of metformin 
prescription was 7.8%.32 

The major argument that drugs 
such as metformin could merely mask 
hyperglycaemia by reducing the blood 
glucose levels remains a matter for 
debate. More evidence on improved 
long-term outcomes in metformin – 
treated prediabetic persons is required. 

Major international guidelines from 
expert groups in the US, Europe and 
the International Diabetes Federation 
favour the use of metformin as the 
second line intervention. The 2015 
Position Statement from the American 
Diabetes Association recommends that 
metformin has the strongest evidence 
base of pharmacological agents for 
diabetes prevention.33   

The reasons for the limitations in 
the use of metformin are still unclear. 
A possibility could be that the outcome 
of the evidence based trials is not 
fully realized in practicality by the 
caregivers.  Also, metformin is not 
approved by the US Food and Drug 
Administration (FDA) for prediabetes, 
which  may increase  hes i tancy  to 
prescribe it “off label” in this context. 
Conclusions

I n  t h e  p r i m a r y  p r e ve n t i o n  o f 
diabetes, use of metformin is proven to 
be effective and safe. Several long-term 
studies such as the DPPOS have shown 
the long-term effectiveness of the drug. 
The possible side-effects are minimal 
compared to other pharmacological 
agents used in prevention of diabetes. 
The major action of the drug is by 
improving insulin sensitivity and also 
partially by reduction in weight loss. 
On account of the relative safety and 
efficacy, expert groups such as the ADA, 
International Diabetes Foundation, 
EASD and the  Nat ional  Inst i tute 
for  Cl in ica l  Exce l lence ,  UK have 
recommended the use of metformin 
as the second-line intervention for 
individuals at high risk of developing 
diabetes.   
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