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Introduction

Type 2 diabetes has become an enormous public health burden, making diabetes prevention 

a pressing issue. While lifestyle modification is the most effective preventive strategy, it is 

resource intensive and not universally sustainable. We review the evidence on 

pharmacological options for diabetes prevention, in search for a medication that is 

efficacious, easy to adhere to, well tolerated, and cost-effective. With the exception of 

metformin, most other drugs have either limited efficacy or costly side effects.

The burden of type 2 diabetes

Diabetes has emerged as one of the most burdensome chronic diseases and is increasing in 

alarming proportions in the US and worldwide. In 2012, the total number of people with 

diabetes in the US was estimated to be 29.1 million people or 9.3% of the population (1). 

This number is predicted to double or triple by 2050 with 1 in 3 to 1 in 5 people estimated to 

have diabetes by that time (2). In addition to numerous complications involving the eyes, 

kidneys and nerves, individuals with diabetes are at increased risk for cardiovascular 
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disease, peripheral vascular disease and stroke. Also, diabetes is not just a significant cause 

of morbidity and mortality; it is also a costly disease. In 2012 in the US, direct medical costs 

as well as costs due to disability and work loss from diabetes were estimated at 245 billion 

dollars. Pre-diabetes is the term used for individuals who are at high risk for future 

development of diabetes and includes individuals with elevated blood sugars that do not 

meet the diagnostic cutoff for diabetes, such as those with impaired fasting glucose (fasting 

glucose of 100 to 125 mg/dl or 5.6 to 6.9 mmol/l), or impaired glucose tolerance (2 hour 

glucose on the 75 g oral glucose tolerance test of 140 to 199 mg/dl or 7.8 to 11.0 mmol/l). 

There is increasing evidence to show that individuals with pre-diabetes are also at increased 

risk for cardiovascular disease independent of associated risk factors (3). Between 2009 and 

2012, over one third of U.S. adults and over half of adults aged 65 years and older had pre-

diabetes (1).

Given the expected burden of these comorbidities, diabetes prevention seems to be a 

naturally pressing issue. While clinical trials have convincingly demonstrated that diabetes 

can be delayed in some individuals, it is less clear how this should be done or whether the 

benefits are sustained. The goals of treatment include prevention or delay of the onset of 

diabetes but also critically reduction in the risk of long-term microvascular and 

cardiovascular complications. Preservation of beta-cell function is also essential, given its 

fundamental role in the pathogenesis of diabetes. Also, the question arises as to whether we 

are in essence attempting to lower the treatment threshold for diabetes by introducing 

therapeutics in prevention at the pre-diabetes stage. Various therapeutic options have been 

trialed for diabetes prevention in the recent past, with few drugs satisfactorily meeting the 

mark in terms of sustained effectiveness, low cost and long-term benefits on cardiovascular 

outcomes.

Lifestyle intervention is the most effective strategy to prevent or delay type 2 diabetes

Several well-designed randomized clinical trials have demonstrated that lifestyle 

intervention aimed at weight loss is effective at preventing or delaying the onset of diabetes 

(Figure 1, Table 1). Furthermore the benefits of lifestyle intervention appear to be sustained. 

Early trials including the Da Qing trial in China and the Finnish Diabetes Prevention 

Program demonstrated that lifestyle intervention was effective at preventing the onset of 

diabetes when compared tocontrols.. Furthermore, these trials indicated that the effects of 

lifestyle intervention appeared to persist after the studies were discontinued with a lower 

cumulative incidence of type 2 diabetes in the participants originally assigned to lifestyle 

intervention, though higher than the rates observed during theactive interventions.

The Diabetes Prevention Program (DPP) was a landmark clinical trial in the United States 

and the first multi-ethnic randomized control trial involving adults with pre-diabetes. In this 

study, 3,234 participants at high risk for the development of diabetes were randomly 

assigned to a metformin arm, an intensive lifestyle intervention arm or a placebo arm. The 

study initially included a fourth intervention arm with troglitazone, which had to be 

discontinued because of liver toxicity concerns. The lifestyle intervention program was 

intensive with the goals of at least 7% weight loss and at least 150 minutes of physical 

activity per week. The average period of follow up in the study was 2.8 years. The results 
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showed that lifestyle intervention reduced the incidence of diabetes by 58% (95% CI, 48% - 

66%) and metformin by 31% (95% CI, 17% - 43%) as compared with placebo. The 

incidence of diabetes was 39% lower (95% CI, 24% -51%) in the lifestyle group than in the 

metformin group demonstrating that although both metformin and lifestyle intervention 

were more effective than placebo in preventing diabetes, the effects of lifestyle intervention 

were significantly better than metformin. Lifestyle intervention was shown to be effective in 

all age groups and in both men and women but was significantly more effective in older 

participants (4).

The Diabetes Prevention Program Outcomes Study (DPPOS) investigated the persistence of 

these effects in the long term with a 10-year follow-up study in 88% of the original 

participants. Based on the benefits from the intensive lifestyle intervention seen in the DPP, 

all three groups were offered group implemented lifestyle interventions. The original 

metformin group was continued on metformin and the original lifestyle intervention group 

was offered additional lifestyle support. The incidence of diabetes in the 10-year period after 

DPP randomization was reduced by 34% (95% CI, 24% –42%) in the lifestyle group and by 

18% (95% CI, 7%–28%) in the metformin group compared with placebo. Overall, the 

incidence of diabetes in the former placebo and metformin groups fell to equal the rates in 

the former lifestyle group, but the cumulative incidence of diabetes still remained lowest in 

the lifestyle group. These results indicate that prevention of diabetes with both lifestyle 

intervention and metformin could persist for at least 10 years (5).

Similarly the Indian Diabetes Prevention program compared lifestyle intervention and 

metformin use with placebo in the Asian Indian population, a seemingly high-risk 

population with a younger age of onset of diabetes at relatively lower body mass indices, 

with high rates of insulin resistance and lower thresholds for the risk factors for diabetes. 

The results of the study showed that lifestyle intervention and metformin were both effective 

at preventing the onset of diabetes with lifestyle intervention being more effective than 

metformin (6).

Therefore lifestyle intervention targeting weight loss has proven to be effective in 

preventing diabetes across varying age groups and ethnicities. Additionally, it seems to have 

sustained effects and very few side effects, undoubtedly making it a highly promising 

strategy for diabetes prevention. However, the putative benefit of lifestyle intervention on 

microvascular and macrovascular outcomes, which are ultimately the critical health-related 

endpoints, still remain in question. Look AHEAD (Action for Health in Diabetes) was a 

multi-center clinical trial conducted in the US designed to examine the effect of intensive 

lifestyle intervention on cardiovascular outcomes. In this study subjectswith type 2 diabetes 

were randomly assigned to receive either intensive lifestyle intervention or standardcare .. 

The results showed that there was no significant difference in the incidence of 

cardiovascular outcomes between the two groups (HR 0.95; 95% confidence interval, 0.83 

to 1.09; p=0.51) (7). Nonetheless, Look AHEAD demonstrated that the positive effects of 

lifestyle intervention extended beyond glycemic control. Intensive lifestyle intervention 

caused weight loss, improvement in cardiovascular risk factors including lipid parameters 

and blood pressure (with concomitant reduction in related medications), and many non 
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cardiac benefits including improvements in quality of life and well being, fitness, sleep 

apnea, physical mobility, depression and sexual functioning.

However, lifestyle interventions as done in the DPP and Look AHEAD studies are resource 

intensive, and implementation may not be feasible across all levels in a real world setting. 

Also, intensive lifestyle changes may not be sustainable for everyone leading to reduced 

adherence, and do not work for everyone as shown by the diabetes incidence rates in the 

DPP and other trials. Although an analysis of costs in the DPP did demonstrate that lifestyle 

intervention was extremely cost-effective compared to placebo (8), our current healthcare 

system is not set up to regularly reimburse for individualized lifestyle intervention programs 

in the full population at risk. With all these challenges of intensive lifestyle intervention, 

adherence to a pill, if effective, cheap and free of side effects, might be easier to achieve.

So far, lifestyle intervention has demonstrated the greatest effectiveness in diabetes 

prevention with the fewest side effects, and can therefore be considered as setting the 

benchmark in diabetes prevention. In evaluating therapeutic options for diabetes prevention, 

our standards should be to achieve results that are at the very least on par with lifestyle 

intervention, if not better.

Pharmacological options for diabetes prevention: Is there an “exercise pill”?

Over the years, several drug classes have been considered as potential options for diabetes 

prevention and have been tested in clinical trials (Figure 1, Table 1). Of these drugs, not 

many can be seen in a positive light for the prevention of diabetes, based on demonstrating 

only modest effectiveness or because of side effects that outweigh the benefits of 

prevention. There is also a dearth of long-term follow-up data on most drugs questioning the 

persistence of effects. When interpreting the results from different trials, readers should 

recognize that varying subject characteristics can influence diabetes incidence rates.

Metformin

Metformin is a biguanide which acts by decreasing hepatic glucose output by inhibiting 

gluconeogenesis. This is done by altering the energy metabolism in the cell, primarily by 

mitochondrial inhibition. The molecular mechanism of action of metformin is not 

completely understood but is thought to be mediated through activation of the enzyme 

5’AMP kinase, which in addition to modulating insulin signaling is also thought to have 

positive downstream effects on lipid metabolism (9).

As described earlier, the DPP demonstrated that metformin at a dose of 850 mg twice daily 

was effective at preventing the onset of diabetes in participants with elevated fasting and 

post-load plasma glucose concentrations , although it was less effective than lifestyle 

intervention. The effects of metformin were similar in both men and women and across all 

racial and ethnic groups. In certain groups such as the younger, more obese and in women 

with a history of gestational diabetes, metformin was found to be relatively more effective. 

The most common side effects reported in the study were gastrointestinal and included 

diarrhea, flatulence, nausea and vomiting, which were significantly increased in the 

metformin group compared to placebo, with no serious adverse effects attributed to 

metformin treatment (4). The DPPOS also demonstrated that long-term metformin use was 
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associated with a small increase in the prevalence of vitamin B12 deficiency, although not 

accompanied by increases in the prevalence of anemia. Along similar lines, the Indian DPP 

demonstrated similar results for metformin treatment in the Asian Indian population. The 

study also demonstrated that there was no added benefit of combining lifestyle intervention 

to metformin, suggesting that both interventions might exert their effect on overlapping 

pathways. (6).

It is possible that the reduced incidence rates of diabetes in the metformin arm of the studies 

described could be attributed to the therapeutic effects of metformin itself on newly 

developed diabetes, thereby masking its onset. Thus, to address this question and to verify 

whether participants truly remained diabetes-free as a result of metformin treatment, the 

DPP conducted a follow up study by obtaining glucose measurements after an appropriate 

washout period. In this study, to test whether the observed effect of metformin on the 

development of diabetes persisted after metformin was withdrawn, 1,274 participants who 

did not develop diabetes at the end of the study period participated in a washout study in 

which a repeat oral glucose tolerance test was done after discontinuing metformin for 1 to 2 

weeks. After the washout period, the incidence of diabetes increased from the original study 

but was still reduced by 25% in the participants. When the diabetes conversion rates during 

the DPP and the washout period were combined, the odds of developing diabetes was still 

reduced by 25% in the metformin group when compared to placebo (OR, 0.75; 95% CI, 

0.62–0.92; p=0.005). The results demonstrated that only around 25% of this effect could be 

accounted for by an acute pharmacological effect of metformin that did not persist when the 

drug was stopped; thereby postulating that the benefit obtained from metformin towards the 

prevention of diabetes was not transient. The washout period was short but a longer washout 

period could not be performed as it could be considered adverse to the well being of the 

participants (10).

In a much smaller study of 40 Finnish participants with impaired glucose tolerance who 

were first-degree relatives of patients with diabetes mellitus, with 20 participants on 500 mg 

twice daily of metformin and 20 on placebo, metformin therapy resulted in an improvement 

in glucose tolerance that lasted for up to 12 months after cessation of treatment (11). 

Although these results are promising, studies with larger sample sizes and longer drug-free 

periods are needed to conclude that metformin has a sustained effect on diabetes prevention.

Overall, it can be seen that metformin is effective in preventing or delaying diabetes, 

perhaps with sustained effects, and has a good safety profile. In addition to effects on 

glucose metabolism, metformin also causes modest improvement in weight and positive 

changes on lipid metabolism altogether making it a favorable choice for the prevention of 

diabetes. A cost-effectiveness analysis over 10 years using data from the both the DPP and 

the DPPOS showed that though lifestyle intervention was cost-effective compared with 

placebo, metformin was actually cost-saving (8), proving that intervening in high risk 

individuals represented a good value for the money spent.

Thiazolidinediones

The thiazolidinediones are a group of drugs that act primarily by increasing hepatic and 

peripheral insulin sensitivity and by preserving insulin secretion. Thiazolidinediones are 
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thought to act by binding and activating the nuclear transcription factor PPAR – γ 

(peroxisome proliferator activated receptor - gamma), thereby regulating transcription of 

several genes involved in glucose and lipid metabolism (12). Pioglitazone also exerts some 

PPAR-α effects that might account for some differences in pharmacological effects 

compared to the other thiazolidinediones. Thiazolidinediones have been found to be 

effective in delaying the onset of diabetes but at the cost of significant side effects.

Troglitazone—Troglitazone has been withdrawn from the market in the US because of 

concerns related to severe hepatic injury leading to need for liver transplantation or causing 

death. Troglitazone was originally used in one of the intervention arms of the DPP but was 

discontinued for safety reasons after these liver toxicity concerns arose. On analysis of 

effects, it was found that during the mean 0.9 years of troglitazone treatment the diabetes 

incidence rate was less than in the other arms. The incidence rate was 3.0 cases per 100 

person-years, compared with 12.0, 6.7, and 5.1 cases per 100 person-years in the placebo, 

metformin, and lifestyle intervention arms (p<0.001, troglitazone vs. placebo; p=0.02, 

troglitazone vs. metformin; p=0.18, troglitazone vs. lifestyle). In follow up during the 3 

years after troglitazone withdrawal, the diabetes incidence rate was almost identical to that 

of the placebo group indicating that during its limited period of use, the action of reducing 

diabetes incidence did not persist (13).

Another clinical trial using troglitazone was the TRIPOD (Troglitazone in Prevention of 

Diabetes) trial in which 266 Hispanic women with a history of gestational diabetes were 

randomized to receive either placebo or 400 mg per day of troglitazone. During a median 

follow-up of 30 months, the average annual diabetes incidence rates were 12.1% and 5.4% 

in the placebo and troglitazone groups respectively (p<0.01) (14). We do not have long term 

follow up data to indicate whether the effects persisted.

Rosiglitazone—Rosiglitazone was tested for diabetes prevention in the DREAM 

(Diabetes Reduction Assessment with Ramipril and Rosiglitazone Medication) trial in which 

5269 adults with either impaired fasting glucose or impaired glucose tolerance, or both, and 

no previous history of cardiovascular disease were randomly assigned to receive either 8 mg 

of rosiglitazone daily or placebo. The groups were followed for a median of 3 years and the 

incidence of diabetes was reduced in the rosiglitazone group at 10.6% versus 25.0% in the 

placebo group (p<0.0001). While the trial did explicitly exclude individuals with previously 

diagnosed cardiovascular disease, new cardiovascular event rates were similar between the 

two groups. However, there were more cases of heart failure in the rosiglitazone group (15). 

In a follow-up study, the 3366 DREAM subjects at the end of the trial who had not 

developed diabetes were transferred to a single-blind placebo study to induce washout for 2 

to 3 months. Diabetes incidence during the washout phase alone was identical in those 

previously allocated to either rosiglitazone or placebo, demonstrating that the beneficial 

effect of rosiglitazone did not appear to be sustained (16).

In 2010, based on data from a meta-analysis of placebo-controlled randomized trials that 

suggested an elevated risk of cardiovascular events in association with rosiglitazone use, the 

FDA restricted its use to patients who could not control their diabetes on other medications. 

In 2013, this restriction was lifted based on reevaluation of the RECORD (Rosiglitazone 
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Evaluated for Cardiovascular Outcomes and Regulation of Glycemia in Diabetes) trial that 

did not demonstrate any difference in the composite primary endpoint of cardiovascular 

death or hospitalization in patients on rosiglitazone.

Pioglitazone—Pioglitazone has also been tested for diabetes prevention. The ACT-NOW 

(Actos Now for Prevention of Diabetes) trial had 602 patients with impaired glucose 

tolerance who were randomly assigned to receive either 30 to 45 mg daily of pioglitazone or 

placebo. After a median follow-up period of 2.4 years, the annual incidence rates of diabetes 

were lower at 2.1% in the pioglitazone group compared to 7.6% in the placebo group, and 

the hazard ratio for conversion to diabetes in the pioglitazone group was 0.28 (95% CI, 0.16 

- 0.49; p<0.001). Pioglitazone treatment was also associated with lower diastolic blood 

pressure, higher levels of HDL cholesterol, and reduced rates of carotid intima–media 

thickening when compared to placebo. However, pioglitazone treatment was associated with 

significant weight gain and edema. It is also significant to note that quite a large number of 

participants in this study, 24% in the placebo group and 30% in the pioglitazone group were 

lost to follow up (17).

The side effects associated with all thiazolidinediones include weight gain, fluid retention, 

decrease in bone density and increase in fracture risk, particularly in women, and increased 

risk of heart failure. As mentioned earlier, troglitazone has been associated with fatal 

hepatotoxicity and pioglitazone with bladder cancer.

Alpha- glucosidase inhibitors

These drugs act by competitively inhibiting alpha-glucosidases, which are enzymes at the 

brush border of the small intestine that break down complex polysaccharides into 

monosaccharides. These drugs slow the absorption of glucose and blunt the post prandial 

rise in blood glucose levels. In addition, these drugs also appear to have an effect on 

increasing insulin sensitivity (18). Acarbose and voglibose are two drugs in this class that 

have been tested for diabetes prevention.

Acarbose—The effect of acarbose on diabetes prevention was tested in STOP-NIDDM 

(Study To Prevent Non-Insulin-Dependent Diabetes Mellitus), which was a multicenter trial 

in which 1,429 participants with impaired glucose tolerance were randomly assigned to 

receive either 100 mg of acarbose three times a day or placebo with a mean follow up of 3.3 

years. There was a lower rate of progression to diabetes in the acarbose arm with 32% of 

patients developing diabetes compared to 42% in the placebo arm (relative hazard ratio, 

0.75; 95% CI, 0.63–0.90; p=0.0015). There was a high rate of gastrointestinal side effects in 

the acarbose arm with 83% of participants reporting symptoms, most commonly flatulence 

and diarrhea. This likely contributed to the high discontinuation rate of 19% in the acarbose 

group compared to 5% in the placebo arm (19).

Voglibose—Voglibose, another alpha glucosidase inhibitor, demonstrated reduction in the 

development of type 2 diabetes in high-risk Japanese individuals with impaired glucose 

tolerance in addition to lifestyle modification (20). However, voglibose is not available in 

the US.
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Insulin

Conventionally, insulin has been used in the treatment of diabetes that is not controlled on 

oral antihyperglycemic agents. However, as beta-cell function and preservation are now 

known to be important in preventing diabetes, insulin has been considered for this use. 

There are very few studies looking at insulin treatment for diabetes prevention.

In the ORIGIN trial, 12,537 adults with cardiovascular risk factors plus impaired fasting 

glucose, impaired glucose tolerance, or type 2 diabetes were randomly assigned to receive 

either long acting insulin glargine or standard care with a median follow up of 6 years. In the 

1,456 participants without diabetes at baseline, new onset diabetes was diagnosed in 30% in 

the insulin glargine group versus 35% in the standard care group (OR, 0.80; 95% CI, 

0.64-1.00; p=0.05). There were no differences in the rates of incident cardiovascular 

outcomes. Insulin glargine was associated with more episodes of severe hypoglycemia and 

increased weight in comparison to standard care (21). Overall, based on the risk for 

hypoglycemia, potential to cause weight gain and lack of benefit on cardiovascular 

outcomes, a favorable argument cannot be made for insulin therapy in the treatment of pre-

diabetes.

Orlistat

Orlistat is a weight loss drug that acts by altering the digestion of fat by inhibiting pancreatic 

lipases. Since obesity and type 2 diabetes are closely linked, orlistat has been tested for the 

prevention of diabetes. As part of a prospective study, 3,305 obese persons with normal or 

impaired glucose tolerance were randomized to receive lifestyle changes in addition to either 

120 mg of orlistat three times daily or placebo. After 4 years of treatment, the cumulative 

incidence of diabetes was higher at 9.0% in the placebo group compared to 6.2% in the 

orlistat group, corresponding to a risk reduction of 37.3% (p=0.0032). Exploratory analyses 

by the study group indicated that the preventive effect of orlistat on the development of 

diabetes could be explained by the beneficial effect observed in the subjects with impaired 

glucose tolerance. The majority of patients on orlistat had gastrointestinal side effects that 

were more pronounced in the early phase of treatment. This study had a high withdrawal 

rate similar to many obesity related studies, with only 52% of subjects receiving orlistat and 

34% receiving placebo completing treatment (22).

Nateglinide

Nateglinide, a meglitinide, increases insulin secretion in a glucose-dependent fashion by 

regulating ATP-dependent potassium channels on the beta-cell membrane. Its mechanism of 

action is similar to that of sulfonylureas, but the meglitinides are structurally different and 

do not bind the same receptors (23). In the NAVIGATOR (Nateglinide and Valsartan in 

Impaired Glucose Tolerance Outcomes Research) trial, 9,306 participants with impaired 

glucose tolerance and either cardiovascular disease or cardiovascular risk factors were 

randomly assigned to receive 60 mg three times daily of nateglinide or placebo, and in a 2×2 

factorial design were assigned to valsartan or placebo. In addition, all subjects participated 

in a lifestyle modification program. After a median follow up of 5 years, nateglinide did not 

significantly reduce the cumulative incidence of diabetes or cardiovascular outcomes, but 

did increase the risk of hypoglycemia when compared to placebo. The rates of diabetes 
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incidence were 36% and 34% in the nateglinide and placebo arms respectively. (HR, 1.07; 

95% CI, 1.00-1.15; p=0.05) (24). Overall, there is lack of proven efficacy for the use of 

nateglinide in diabetes prevention.

Valsartan

Possible interactions are thought to exist between renin-angiotensin system blockade and 

glucose metabolism. Some potential mechanisms explaining this effect include impairment 

of insulin signaling by the action of angiotensin II, vasodilation in the skeletal muscle 

improving insulin sensitivity and a decrease in insulin resistance by an increase in 

circulating adiponectin levels, though the exact mechanism by which this occurs is unclear 

(25). The NAVIGATOR trial also tested Valsartan, a direct angiotensin II receptor blocker, 

for the prevention of diabetes. After a median follow-up period of 5 years, the cumulative 

incidence of diabetes was lower at 33.1% in the valsartan group, as compared with 36.8% in 

the placebo group ( HR, 0.86; 95% CI, 0.80-0.92; p<0.001). However, when compared to 

placebo, valsartan did not significantly reduce the incidence of cardiovascular outcomes 

(26).

Ramipril

Ramipril, an angiotensin converting enzyme inhibitor, has also been evaluated for the 

purpose of diabetes prevention. The DREAM trial, described above in reference to 

rosiglitazone, also evaluated the use of ramipril in the prevention of diabetes. In a 2×2 

factorial design, the 5,269 participants without cardiovascular disease but with impaired 

fasting glucose levels or impaired glucose tolerance were randomly assigned to receive 15 

mg a day of ramipril or placebo. After a median follow-up period of 3 years, the incidence 

of diabetes did not differ significantly between the groups at 17.1% and 18.5% in the 

ramipril and placebo groups respectively (HR, 0.91 (0.80–1.03); p=0.15). Fasting glucose 

levels were not different between the 2 groups but the 2 hour OGTT levels were lower in the 

ramipril group, suggesting some positive effects on glucose metabolism (27).

Overall, it can be said that the effects of angiotensin inhibition on glucose regulation are at 

best modest and not convincing enough for use in diabetes prevention.

Newer drugs for prevention of diabetes

Emerging therapeutic agents are being trialed in combination therapy for the treatment of 

uncontrolled type 2 diabetes. Although these drugs have not been specifically tested for use 

in diabetes prevention they have certain advantages that make them potential considerations 

for the future. The glucagon-like peptide-1 (GLP-1) receptor agonists mimic or enhance the 

actions of naturally occurring GLP-1, an incretin hormone that is released from the intestinal 

L cells in response to nutrients. GLP-1 is beneficial to glucose homeostasis by stimulating 

insulin secretion from pancreatic beta cells in a glucose dependent manner and by slowing 

gastric emptying, suppressing appetite and reducing inappropriate glucagon secretion. 

GLP-1 has also been shown to promote beta-cell proliferation and differentiation in animal 

models. (28) Another drug class in the incretin pathway includes dipeptidyl peptidase –4 

(DPP-4) inhibitors; DPP-4 is an enzyme that inactivates GLP-1. GLP-1 receptor agonists 

have the benefit of promoting weight loss but have GI side effects and can only be used as 
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injectable agents. Another newer class of drugs comprises the sodium-glucose cotransporter 

2 (SGLT2) inhibitors. SGLT2 is expressed in the renal proximal tubule and SGLT2 

inhibitors promote the renal excretion of glucose. (29) In addition to modest effects on 

improving glycemic control, these drugs have also been shown to promote weight loss and 

improvement in systolic blood pressure. However, side effects include predisposition to 

vulvovaginal candidiasis and urinary tract infections. Given the mechanism of action of 

these newer drugs, it is hard to imagine that they could eventually become the ‘exercise pill’ 

for diabetes prevention; however, by inducing weight loss and potentially improving beta-

cell health they may have beneficial disease-modifying effects. Finally, long-term safety 

data for these drugs is lacking, even in the treatment of type 2 diabetes, and their high cost 

undermines the justification for their use in the context of disease prevention.

Diabetes prevention does not imply cardiovascular protection

While we know that some drugs have been shown to delay the onset of diabetes in certain 

individuals, there is a paucity of data on the effect of these drugs on the key outcomes of 

cardiovascular events or mortality. The impact of the DPP interventions on actual 

cardiovascular events has not been analyzed yet due to statistical power considerations, 

given the small number of events that have accrued in the study thus far. However in the 

short term, intensive lifestyle intervention was shown to beneficially modify known risk 

factors for cardiovascular disease including hypertension and lipid levels when compared to 

placebo and metformin therapy (30). Longer term analysis from the DPPOS showed that 

intensive lifestyle intervention achieved comparable effects on cardiovascular risk factors to 

that seen in the metformin and placebo groups, though favorably with lesser medication use 

(31). Further studies with relevant endpoints are needed to better elucidate the long term 

cardiovascular effects of these drugs.

The role of bariatric surgery in diabetes prevention

Bariatric surgical procedures, in particular Roux-en-Y Gastric Bypass, in addition to medical 

care, have been shown to treat diabetes in the short term. Surgery is a particularly relevant 

consideration in the severely obese who are at very high risk for the development of 

diabetes. The rapid improvement in metabolic control following surgery suggests endocrine 

mediated glycemic alterations that are not just related to weight loss, with involvement of 

GLP-1 implicated as a potential mechanism (32). The Swedish Obese Subjects study was a 

clinical trial to assess whether bariatric surgery can prevent diabetes in obese individuals. 

This study included 1,658 subjects who underwent bariatric surgery and 1,771 obese 

matched controls with none of the participants having diabetes at baseline. The subjects in 

the bariatric surgery cohort underwent procedures including banding (19%), vertical banded 

gastroplasty (69%), or gastric bypass (12%). During a median follow up period of 10 years, 

the incidence rates for diabetes were 28.4 cases per 1000 person-years in the control group 

and 6.8 cases per 1000 person-years in the bariatric surgery group (33). While these are 

promising results, there is the lack of long- term follow-up data and the risks and benefits of 

surgery have to be weighed carefully, especially in the context of diabetes prevention. 

Nevertheless, when recommended for another clinical indication in a pre-diabetic patient it 

is clear that bariatric surgery does have the additional benefit of diabetes prevention. 
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Understanding the molecular and physiological mechanisms by which such a benefit is 

conferred may illuminate specific pathways that could be harnessed pharmacologically.

Diabetes prevention in children

Type 2 diabetes, once thought to be a disease of adulthood, is now increasing at an alarming 

rate in children, parallel to the rise in obesity. This was demonstrated in the SEARCH for 

Diabetes in Youth Study, a population-based study that was developed to assess the 

prevalence and incidence of diabetes in youth. The study estimated that the overall 

prevalence of type 2 diabetes was 0.34 per 1000 in 2001 and 0.46 per 1000 in 2009, 

representing a relative increase of 35% (34). As the risk of complications from diabetes 

increases with the duration of disease, children represent a population where preventative 

strategies seem most crucial. Metformin and insulin are currently the only two medications 

approved for the treatment of type 2 diabetes in children. Although there are no studies that 

have evaluated the use of medications in diabetes prevention in children, the TODAY 

(Treatment Options for Type 2 Diabetes in Adolescents and Youth) study deserves mention 

when discussing type 2 diabetes in children. TODAY was a multicenter trial in children with 

type 2 diabetes between the ages of 10 and 17 years. All participants were initially treated 

with 1000 mg twice a day of metformin to attain a glycated hemoglobin level of less than 

8% and subsequently 699 children were randomized to continue treatment with metformin 

alone, metformin combined with 4 mg twice a day of rosiglitazone, or a lifestyle 

intervention program focusing on weight loss. The mean follow-up period for the study was 

3.8 years and the primary outcome was loss of glycemic control. . The results of the study 

showed that metformin plus rosiglitazone was superior to metformin alone (p=0.006) and 

that metformin plus lifestyle intervention was not significantly different from metformin 

alone, with failure rates of 51.7%, 38.6% and 46.6% in the metformin, metformin plus 

rosiglitazone and metformin plus lifestyle intervention arms respectively (35).

With the limited evidence base that we have related to diabetes prevention in children, 

lifestyle intervention with the goal to prevent weight loss should be recommended to all 

children at risk for the development of type 2 diabetes. There is insufficient evidence and 

lack of long term safety data in children to recommend the use of metformin or other 

medications to prevent or delay the onset of diabetes.

What does the ADA recommend?

Based on current evidence, the American Diabetes Association (ADA) recommends that 

people at high risk for diabetes, including persons with impaired glucose tolerance, impaired 

fasting glucose, or a glycated hemoglobin of 5.7 to 6.4% be referred to a lifestyle 

intervention program. The goals of lifestyle intervention should be similar to those set in the 

DPP, targeting weight loss of 7% of body weight and moderate physical activity of at least 

150 minutes a week. The guidelines also mention the importance of follow up counseling for 

treatment success. Based on its efficacy, low cost and safety, the ADA recommends 

considering metformin therapy in high-risk individuals and especially in individuals who 

showed the most benefit in the DPP. These were the more obese patients with a BMI greater 

than 35 kg/m2, the younger subjects less than 60 years of age, and women with a history of 
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gestational diabetes. The ADA does not recommend the use of other drugs based on limited 

efficacy, side effects or cost (36).

We still have ways to go in our ability to prevent or delay the onset of diabetes. Though 

lifestyle intervention offers the most promise, large scale feasibility and adherence are major 

obstacles to contend with. With the exception of metformin, most of the existing drug 

classes tested for diabetes prevention have either demonstrated limited efficacy or costly 

side effects. At the end of the day, we still haven’t discovered the mythical ‘exercise pill’, a 

drug that would be effective, easy to adhere to and cost effective. So where do we go from 

here? In this rapidly evolving era of genetic advances and genomic medicine there is hope 

that we will have a better understanding of drug mechanisms and differential response to 

medications. Genome-wide association studies (GWAS) and large-scale sequencing studies 

have prompted an exciting ongoing research journey to unravel the genetic architecture of 

type 2 diabetes. Through genomic exploration we also hope to identify genes associated 

with favorable response to therapies and discover potential new drug targets. We aim to 

tailor therapies based on pharmacogenetics, or at least stratify the population into subgroups 

that are most likely to benefit from specific agents. A GWAS for lifestyle modification 

might help us identify genes associated with a favorable response to diet and/or exercise, so 

that this effective yet resource-intensive therapy can be targeted at the most benefiting 

populations. This is the hope that ‘precision medicine’ brings as an emerging approach that 

takes into account variability in genetic makeup, as well as the interactions between genes 

and the environment or lifestyle choices. Genetic advances might change the way we 

practice medicine and increase our ability to prevent burdensome diseases like type 2 

diabetes.
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Figure 1. Risk of progression to diabetes compared to controls for various interventions that 
have been tested for diabetes prevention
This figure illustrates the risk of progression to diabetes compared to controls with 

corresponding 95% confidence intervals of various studies grouped by intervention. * 

denotes relative risk ratio; + denotes hazard ratio; ++ denotes odds ratio. In each group, the 

studies are listed in chronological order according to the years in which the original 

interventions were conducted. The dotted circles for each study have been scaled to be 

proportional to the sample size of the study.
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Table 1

Interventions that have been tested in clinical trials for diabetes prevention

Intervention Study Sample size 
for 
intervention 
of interest

Average 
study 
duration 
(years)

Average age 
of 
participants 
(years)

Average BMI 
of 
participants 
(kg/m2)

Risk of progression to 
diabetes compared to 
controls (95 % CI)

Lifestyle Malmo feasibility study 260 6 48 26.7
0.37(0.2-0.68)

*

Japanese Zensharen Study 
for Prevention of Lifestyle 
Diseases

458 3 49 23.9
0.56 (0.36-0.87)

+

China Da Qing Diabetes 
Prevention study

259 6 45 26.3
0.62 (0.3-0.7)

*

Finnish DPP 522 3.2 55 31.2
0.40 (0.30-0.70)

*

DPP 2161 2.8 51 34.0
0.42 (0.34-0.52)

*

Indian DPP 269 2.5 46 25.8
0.62 (0.23-1.02)

+

Metformin DPP 2155 2.8 51 34.0
0.69 (0.57-0.83)

*

Indian DPP 269 2.5 46 25.8
0.65 (0.27-1.04)

+

Troglitazone TRIPOD 266 2.5 35 30.5
0.45 (0.25-0.83)

+

Rosiglitazone DREAM 5269 3 55 30.9
0.38 (0.33-0.44)

+

Pioglitazone ACT-NOW 602 2.4 52.3 33.8
0.28 (0.16-0.49)

+

Acarbose STOP-NIDDM 1429 3.3 54 31.0
0.75 (0.63-0.90)

+

Insulin ORIGIN 1452 6.2 63.5 29.9
0.80 (0.64-1.00)

++

Orlistat XENDOS 3305 4 43 37.4
0.63 (0.46-0.83)

+

Nateglinide NAVIGATOR 9518 6.5 63.8 30.5
1.07 (1.0-1.15)

+

Valsartan NAVIGATOR 9306 5 63.8 30.5
0.86(0.80-0.92)

+

Ramipril DREAM 5269 3.0 55 30.9
0.91(0.81-1.03)

+

*
denotes relative risk ratio

+
denotes hazard ratio

++
denotes odds ratio
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