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Type 2 diabetes mellitus (T2DM) is a common chronic metabolic condition.
Before receiving this diagnosis, persons typically have a long period of pre-
diabetes. There is good evidence that T2DM can often be prevented or
delayed by means of lifestyle interventions (39%-71%), medications (28%-
79%), or metabolic surgery (75%). However, despite consistent data demon-
strating their efficacy, these tools are underused, and knowledge about them
among primary care physicians is limited. In an effort to engage physicians
in addressing this public health crisis more effectively, the authors reviewed
the evidence that T2DM can be prevented or delayed in persons at risk.
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besity and obesity-related diseases have reached epidemic proportions in the

United States. It is estimated that more than 70% of adults are overweight or

obese.! In 2017, the Centers for Disease Control and Prevention reported that
if the trend continues, more than half of children today will become obese as adults.> We
expect, therefore, that the obesity epidemic will continue into the foreseeable future,
along with many chronic diseases. Type 2 diabetes mellitus (T2DM) is a common meta-
bolic complication of obesity in the United States.’ It is therefore not surprising that, in
2016, nearly 1 in 10 adults in the United States had diabetes.®> Furthermore, 1 in 3
adults and 1 in 2 older adults (>65 years) had prediabetes.® If nothing changes, it is pre-
dicted that, by 2050, 1 in 3 people in the United States will have diabetes.*

The American Association of Clinical Endocrinologists (AACE) and the American
Diabetes Association (ADA) state that screening for diabetes and prediabetes is critically
important because prediabetes has no classic signs or symptoms; without effective screen-
ing programs, persons with prediabetes are unlikely to take the necessary steps to prevent
progression to T2DM. Without knowledge of their prediabetes status, people not only
miss out on the opportunity to delay or prevent progression of the disease, but they also
put themselves at risk for diabetes-related complications. There are simple and affordable
tests that can be used for screening, and there is enough time between the appearance of
risk factors and disease development to make such screening an effective tool for preven-

tion. There is strong evidence that T2DM can be prevented or delayed in persons at risk.’

Evidence for Prevention or Delay of T2DM
Lifestyle Interventions
Several randomized controlled studies have evaluated the effects of lifestyle intervention

compared with placebo to prevent or delay the progression of prediabetes to T2DM
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Table 1.

Lifestyle Interventions to Prevent or Delay Type 2 Diabetes Mellitus

Patients, Baseline Intervention RRR,

Study Country No. BMI Period, y % NNT
The DPP Research Group (DPP)%” United States 3234 34.0 2.8 58 21
Eriksson et al (DPS)® Finland 523 31 4 39 22
Pan et al (Da Qing)° China 577 258 6 51 30

Abbreviations: BMI, body mass index; DPP, Diabetes Prevention Program; DPS, Diabetes Prevention Study; NNT, number needed to treat;

RRR, relative risk reduction.

(Table 1).°° Common lifestyle interventions include a
focus on nutrition and increases in physical activity to
ultimately achieve a weight-loss goal. The programs
prioritized providing a supportive group environment
to help participants reach their goals. Follow-up

studies!12

showed that many participants continued
to benefit from overall decreased rates of progression
to T2DM several years after starting the interventions.
In the US National Diabetes Prevention Program
(NDPP), 3200 participants were randomly assigned to
routine care, metformin treatment, or an intensive life-
style intervention.® The lifestyle intervention focused
on reducing caloric intake by reducing fat calories and
increasing physical activity to a goal of at least 150
minutes per week to achieve a mean goal of 7% weight
loss. By creating a constant, regular, and supportive
group environment, the NDPP helped participants con-
tinuously rethink their choices regarding peer support
in the prevention of diabetes. Results showed that the
incidence of T2DM was reduced by 58% in the lifestyle
intervention group, by 31% in the metformin group, and
by 17% in the routine care group, after an average of 2.8
years.® A 10-year follow-up study reported a 34%
decreased incidence of diabetes in the original NDPP
group and an 18% decrease in the metformin group.’
In Finland, the Diabetes Prevention Study investi-
gated the role of an individualized lifestyle intervention
in the prevention of T2DM.” The treatment goals
included the following: weight reduction of at least 5%

relative to baseline, specific dietary modifications (total
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fat <30% and saturated fat <10% of total calories,
dietary fiber intake of 15 g/1000 kcal), and at least 4
hours per week of physical activity. The sessions
included visits with a nutritionist as well as supervised
gym exercise sessions (free to participants). More than
500 people participated in the study.” Seven years after
the original study was conducted, a follow-up study'’
revealed a 43% relative risk reduction for new-onset
T2DM in the intervention group. A median follow-up
of 9 years after the original study showed a 38% relative
risk reduction for diagnosed T2DM in the intervention
group.'' Lifestyle interventions in this study were
implemented with group sessions that provided indivi-
dualized support from nutritionists and dieticians.
Participants were encouraged to reach out to familial
and peer support groups to help maintain the lifestyle
changes gained throughout the study.

In China, the Da Qing study’ analyzed more than
500 men and women with prediabetes from local
clinics to study the effects of diet, exercise, or both.
The diet intervention groups focused on increasing
vegetable intake while lowering alcohol, sugar, and
caloric intake. The exercise intervention group focused
more on increasing physical activity during otherwise
leisure time. At the end of the 20-year follow-up,
those assigned to a lifestyle intervention group had a
43% lower incidence of diabetes than those with no
intervention.'? On average, the onset of diabetes was
delayed by an average of 3 to 6 years.'? The 23-year

follow-up in the Da Qing study'® showed a lower
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mortality rate in the lifestyle intervention group com-
pared with the placebo group: 28.1% vs 38.4%, respect-
ively.'> Overall, these studies corroborate the claim that
a peer-supported lifestyle intervention is highly suc-

cessful in preventing T2DM and its consequences.

Medications

Numerous medications have been studied for their
effectiveness in preventing or delaying the onset of
T2DM, with many showing decreased morbidity
rates.”!*!® However, only metformin and metabolic
surgery have been studied sufficiently to show a
decrease in mortality rate.”'® To date, metformin has
been the most-studied medication for at-risk popula-
tions. Metformin was less effective than lifestyle inter-
ventions but still showed a substantial decrease in the
incidence of T2DM at 10 years (18% decrease com-
pared with placebo). This finding shows that metformin
may not merely be treating patients with diabetes earlier
in the disease spectrum but may also provide legacy
benefits beyond the treatment period.” Metformin was
most effective in younger and obese populations, as
well as in persons with gestational diabetes mellitus,
and less effective in older and nonobese populations.
The additional benefits of metformin are well documen-
ted and include reduced levels of fasting plasma
glucose, low-density lipoprotein, and triglycerides;
modest weight loss; and increased high-density lipopro-
tein cholesterol levels.?’*

A number of other pharmaceutical interventions have
T2DM.

o-Glucosidase inhibitors inhibit the enzymes that

been effective in reducing new-onset
degrade carbohydrates into simple sugars. The Study
to Prevent NIDDM (non—insulin-dependent diabetes
mellitus) showed that the use of acarbose reduced new-
onset T2DM by 25% (relative hazard, 0.75; 95% CI,
0.63-0.90; P:.OOIS).14 Furthermore, acarbose also sig-
nificantly increased the likelihood that impaired
glucose tolerance would revert to normal glucose toler-
ance (P<.001)."* Another short-term study (<1 year)
demonstrated that voglibose was associated with a

decrease in the incidence of T2DM compared with
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placebo (5.6% vs 12.0%, respectively).>> A third study
using acarbose was unable to reproduce the same find-
ings in terms of T2DM prevention or delay.>*

Thiazolidinediones (troglitazone, rosiglitazone, and
pioglitazone) are peroxisome proliferator—activated
receptor y nuclear transcription gene promoters that
increase insulin sensitivity and levels of adiponectin
through glucose regulation and fatty acid breakdown.
Troglitazone, the first available drug in this class, was
shown in the Troglitazone in the Prevention of
Diabetes study>® to reduce new-onset T2DM by 65%
in Hispanic women with a history of gestational dia-
betes. This study was terminated early when troglita-
zone was taken off of the market because of hepatic
toxicity. More recently, rosiglitazone was shown to
have strong clinical significance in decreasing the inci-
dence of T2DM by 50.5% compared with 30.3% in
the placebo group.'® Pioglitazone also showed strong
clinical significance, with conversion to normogly-
cemia in 48% of patients, compared with 28% in the
placebo group.!® The lasting positive benefits from
thiazolidinediones after discontinuation of treatment
differ between rosiglitazone and pioglitazone. Even 5
years after treatment was discontinued, the cumulative
incidence of T2DM continued to be lower in the piogli-
tazone than in the placebo group (10.7% vs 22.3%); in
contrast, rosiglitazone conferred no significant lasting
clinical benefit after its discontinuation.?®’

The benefits of these medications are offset by their
adverse effects, including weight gain and fluid reten-
tion leading to edema or worsening heart failure.
Women of childbearing age must use effective contra-
ception, because these agents are teratogenic. These
adverse effects should be considered before starting
thiazolidinedione treatment. However, a 2016 review
suggested that the increased incidence of heart failure
with thiazolidinediones is probably due to the exacerba-
tion of existing heart failure and not new-onset heart
failure.”® Considering all of these data, pioglitazone
seems to be effective in reducing the incidence of new-
onset T2DM during its use and continues to have a
effect after its discontinuation.

legacy even
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Pioglitazone may therefore be the most effective agent
for preventing T2DM, and the protection it affords
seems to be even stronger in older adults.”’

Two categories of incretin agents, dipeptidyl peptid-
ase 4 inhibitors and glucagon-like peptide 1 agonists,
both work to reduce glucose by influencing the incretin
gastrointestinal glucose axis. There is evidence that lir-
aglutide (3.0 mg/d), prescribed for weight loss, is
effective in reducing the incidence of new-onset
T2DM by 66% after 3 years of treatment.® However,
a 2017 Cochrane review found the evidence to be too
weak to conclude that these medications produce a clin-
ically significant decrease in the incidence of T2DM.*
Specifically, there was no evidence of benefit from the
dipeptidyl peptidase 4 inhibitors, and the evidence

129

from the liraglutide trial™ was too weak to support

issuing guidance for diabetes prevention with this
class of medications.*

Weight loss is a central treatment target for most
chronic diseases because the benefit is spread across
numerous conditions. Various pharmacologic and surgi-
cal approaches to obesity have also provided benefit for
T2DM prevention (Table 2)."!? These methods include
orlistat, sympathomimetic, and anticonvulsant drugs
(phentermine-topiramate) and metabolic (bariatric)
surgery. Orlistat works by inhibiting gastric and pancre-
atic enzymes. Studies have shown that it induces more
weight loss than placebo (6.7 vs 3.8 kg) and a decrease
in the cumulative incidence of diabetes (3.0% vs 7.6%
for placebo). A follow-up study demonstrated increased
efficacy when orlistat was combined with an intensive
lifestyle intervention; at 4 years, the cumulative T2DM
incidence was 6.2% for this combination vs 9.0% for
lifestyle intervention plus placebo.'”!

Phentermine is classified as a sympathomimetic drug,
and topiramate as an anticonvulsant. Neither medication
has a primary indication for weight loss, but both have
off-label indications based on their natural adverse
effect profiles. The combination of phentermine
(15 mg) and topiramate (92 mg) with lifestyle interven-
tion yielded a weight loss of 12.1%, compared with

2.5% for lifestyle intervention only. Patients receiving
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this combination medication should be closely moni-
tored for depression or suicidal ideation.'®->
Physicians have been slow to adopt the use of
weight-loss medications for a number of reasons. They
are very costly and are not covered by many insurance
programs. Furthermore, they have potential adverse
effects, including effects on heart rate and blood
pressure, that are problematic for many persons with
diabetes. It is also hard to determine how much of
their benefit is from weight loss and how much is an
incremental benefit from the medications themselves.
Conversely, given the overwhelming public health
threat of obesity-related disease, including T2DM,
insurance coverage for treatments for patients with

obesity may have value.

Metabolic Surgery

Surgical procedures such as Roux-en-Y and gastric
bypass are among the most effective options for patients
at increased risk for T2DM. In a study of lifestyle vs sur-
gical management in obese adults at risk for T2DM,
surgery was more effective and its benefits longer
lasting."® The incidence of T2DM was 28.4 cases per
1000 person-years in the control group (lifestyle inter-
vention) compared with 6.8 cases per 1000 person-years
in the metabolic surgery group, with a relative risk
reduction of 78%. There were also significant differences
between the 2 groups, with the metabolic surgery cohort
having a higher mean body mass index (BMI) and
incidence of T2DM risk at baseline.!® Although meta-
bolic surgery may be the most effective way to prevent
T2DM in persons at risk, its benefits are somewhat
offset by the potential for serious adverse events during
and after surgery and the requirements for long-term
nutritional maintenance and observation for nutritional

deficiencies.

Recommendations for Diabetes
Prevention
Health care professionals have the tools to help patients

change the trajectory of prediabetes to T2DM. The
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Table 2.

Pharmacologic and Surgical Approaches to Prevent or Delay Type 2 Diabetes Mellitus

RRR, %
Follow-up (P Value vs Pregnancy
Intervention Period, y Placebo) Risk Category® Adverse Effects
Antihyperglycemic
Agents
Metformin® 2.8 31 (<.001) B Gl distress, infection, lactic acidosis,
Nausea, Vomiting, diarrhea
Acarbose™ 3.3 25 (.0015) Gl distress/pain, diarrhea, high LFT results
Pioglitazone® 2.4 72 (<.001) C HF, weight gain, HLD, edema,
hepatotoxicity, bladder cancer
Rosiglitazone'® 3.0 60 (<.0001) C HF, weight gain, HLD, edema,
hepatotoxicity
Weight-Loss
Interventions
Orlistat'” 4 37 (.0032) X Headache, Gl distress or pain, URTI,
hepatotoxicity
Phentermine plus 2 79 (<.05) Phentermine: X; Phentermine: hypertension, palpitations, Gl
topiramate® topiramate: D distress, dysphoria, restlessness;
topiramate: paresthesias, diarrhea, URTI,
drowsiness, dizziness
Bariatric surgery'® 10 75 (<.001) Dumping syndrome, malabsorption,

infection, stenosis

@ B, animal reproduction studies show no risk to fetus, and there are no well-controlled studies in pregnant women OR animal studies have
shown a risk, but well-controlled studies in pregnant women show no risk to the fetus; C, risk has not been ruled out; D, positive evidence of
risk, but potential benefits may warrant use of drug in pregnant women; X, contraindicated in pregnancy.

Abbreviations: Gl, gastrointestinal; HF, heart failure; HLD, hyperlipidemia; LFT, liver function test; NNT, number needed to treat; RRR, relative

risk reduction; URTI, upper respiratory tract infection.

ADA recommends a screening tool (http:/main.diabetes.
org/dorg/PDFs/risk-test-paper-version.pdf) for use in all
adults and children at high-risk for diabetes and
prediabetes.®> The 2018 ADA standards of care
recommend testing all adults who are overweight or
obese (BMI >25 or >23 in Asian patients) or who have
at least 1 of the following risk factors: first-degree rela-
tive with T2DM, membership in a high-risk ethnic
group (black, Hispanic, Asian, Native American, or
Pacific Islander), history of cardiovascular disease,
hypertension (>140/90 mm Hg), dyslipidemia (high-
density lipoprotein cholesterol level <35 mg/dL or
triglyceride level >250 mg/dL), physical inactivity, or
polycystic ovary syndrome.*® Furthermore, all adults

older than 45 years should be screened for diabetes
or prediabetes.*

All persons with these risk factors should be screened
at 3-year intervals as long as test results are normal.*® For
patients with prediabetes, both the ADA and the AACE
recommend entry into an evidence-based program, such
as the NDPP, with annual screening for diabetes after
that point.>*>*

Persons with prediabetes, according to the 2018 ADA
standard of care, “should be referred to an intensive life-
style intervention program modeled on the NDPP to
achieve and maintain 7% weight loss of initial body
weight and increase moderate-intensity physical activity

to at least 150 minutes per week.”*® Furthermore,
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metformin should be prescribed for diabetes prevention
in persons with prediabetes, especially those with a
BMI above 35, those younger than 60 years, and
women with a history of gestational diabetes. The
AACE recommends that therapeutic lifestyle programs,
medications (based on evidence, even without indica-
tions approved by the Food and Drug Administration),
and metabolic surgery may all have a role in the preven-
tion of T2DM.3*3°

Cost-Effectiveness of Diabetes
Prevention

A cost-effectiveness modeling study was completed to
evaluate the potential benefit of broad NDPP interven-
tion for Medicare recipients. The results showed that
widespread implementation for Medicare recipients with
a 37% reduction in new-onset diabetes led to a savings
of $1.3 billion over 10 years.***” The results of the
NDPP and the Diabetes Program
Observational Study confirmed that both lifestyle inter-

Prevention

vention and metformin were cost-effective.*® As a
result, Congress passed into law designating the NDPP
a mandated covered benefit for all eligible Medicare
recipients (once-in-a-lifetime benefit).>* Furthermore,
some states, such as California, have made this a
covered benefit for its Medicaid beneficiaries.** Many

private insurance plans also now cover the NDPP.

Effectiveness of

Community-Based DPPs
Community-based DPPs are also effective. The 2018
ADA guidelines

(highest level of evidence) for referral of patients to

give an “A” recommendation
an intensive behavioral lifestyle intervention program
modeled on the NDPP, with the goal of achieving
and maintaining a 7% weight loss (based on initial
body weight) and increasing moderate-intensity phys-
ical activity to at least 150 minutes per week.>
Given the data suggesting that lifestyle interventions

are effective in preventing the progression to T2DM
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from prediabetes, several studies are evaluating the
feasibility of implementing widespread community-
based preventive programs.

Community-based programs like those offered by the
YMCA are prototypical local implementations of the
NDPP. The Translating the Diabetes Prevention
Program Into the Community study*' showed that the
YMCA, given its large numbers of facilities across the
United States, could broaden access to DPPs. The group
nature of YMCA classes, the organization’s commitment
to including participants unable to pay, and the effective-
ness of its group instructors using NDPP materials show
promise in implementing the DPP nationwide. Similar
studies in Australia and Spain also showed the effective-
ness of community-based DPPs.**4

In the United States, efforts are underway to increase
access to DPPs through insurance coverage. Programs
undergo yearly evaluations by the Centers for Disease
Control and Prevention (CDC) early in the recognition
process to help ensure that programs meet all pertinent
requirements.** Patients whose weight-loss goals are
achieved may qualify for insurance coverage of
ongoing DPP maintenance. The Centers for Medicare
& Medicaid Services (CMS) announced that the
Medicare Diabetes Prevention Program, which started
in April 2018, will be a covered benefit for all
Medicare recipients.*> This coverage is intended to
offset substantial current Medicare expenses for
persons with T2DM. The CMS estimated that, in 2016
alone, $42 billion more would be spent on persons
aged 65 years or older with diabetes who qualify for
the Medicare parts A, B, and D combined than would

be spent on those without diabetes.*

Referring Patients to a DPP

The CDC maintains a national registry of DPPs that
meet national standards. They can be found at
the CDC NDPP website (https:/www.cdc.gov/diabetes/
prevention/index.html), which also provides important
information about the NDPP, how to start a DPP at an

institution, and testimonials from participants.
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Future Directions

Despite very good evidence that T2DM can be prevented,
the health care system has been slow to engage such
efforts. There are many reasons for this hesitation, the
most common being physicians’ belief that they lack the
education or the time to provide extensive lifestyle pre-
scriptions. Moreover, most of these interventions require
substantial time and resources, and, unless patients are
fully engaged, their value may not be fully realized. Most
of the medications that delay the onset of diabetes are very
expensive, and many are not covered by insurance
because they have no Food and Drug Administration—
approved indication. The CMS has taken a major step to
address some of these barriers by making the NDPP a
mandated covered benefit for all eligible Medicare recipi-
ents (those who have confirmed diagnosis of predia-
betes),>® and many private insurers have followed suit.
The American Medical Association, the ADA, and the
CDC have engaged in large public health campaigns to
raise awareness and support DPPs such as the NDPP.

Conclusion

High-level data support the claim that T2DM can be
delayed or prevented in persons with prediabetes. The
evidence is the strongest for intensive therapeutic life-
style programs like the NDPP and for metformin, piogli-
tazone, and metabolic surgery. Consequently, all
physicians should have a working knowledge of how to
screen for diabetes and prediabetes, should know which
interventions delay new-onset T2DM, and should

provide access to these interventions for their patients.

References

1. Obesity and overweight. National Center for Health Statistics, Centers
for Disease Control and Prevention website. https:/www.cdc.gov/nchs/
fastats/obesity-overweight.htm. Published May 3, 2017. Accessed May
31, 2018.

2. Childhood obesity facts: healthy schools. Centers for Disease Control
and Prevention website. https:/www.cdc.gov/healthyschools/obesity/
facts.htm. Published January 25, 2017. Accessed May 31, 2018.

3. National diabetes statistics report, 2017: estimates of diabetes and its
burden in the United States. Centers for Disease Control and
Prevention website. https:/www.cdc.gov/diabetes/pdfs/data/statistics/

The Journal of the American Osteopathic Association

16.

national-diabetes-statistics-report.pdf. Published 2017. Accessed May
31,2018.

Number of Americans with diabetes projected to double or triple by
2050. Centers for Disease Control and Prevention website. https:/
www.cdc.gov/media/pressrel/2010/r101022.html. Published October
22, 2010. Accessed May 31, 2018.

Garber A, Handelsman Y, Einhorn D, et al. Diagnosis and
management of prediabetes in the continuum of hyperglycemia—when
do the risks of diabetes begin? a consensus statement from the
American College of Endocrinology and the American Association of
Clinical Endocrinologists. Endocr Pract. 2008;14(7):933-946.

The Diabetes Prevention Program (DPP) Research Group. The
Diabetes Prevention Program (DPP): description of lifestyle
intervention. Diabetes Care. 2002;25(12):2165-2171.

The Diabetes Prevention Program (DPP) Research Group. Reduction
in the incidence of type 2 diabetes with lifestyle intervention or
metformin. N Engl J Med. 2002;346(6):393-403.

Eriksson J, Lindstrom J, Valle T, et al. Prevention of type Il diabetes in
subjects with impaired glucose tolerance: the Diabetes Prevention
Study (DPS) in Finland. Diabetologia. 1999;42(7):793-801.

Pan XR, Li GW, Hu YH, et al. Effects of diet and exercise in preventing
NIDDM in people with impaired glucose tolerance: the Da Qing IGT
and Diabetes Study. Diabetes Care. 1997;20(4):537-544.

. The Diabetes Prevention Program (DPP) Research Group. The 10-year

cost-effectiveness of lifestyle intervention or metformin for diabetes
prevention: an intent-to-treat analysis of the DPP/DPPOS. Diabetes
Care. 2012;35(4):723-730. doi:10.2337/dc11-1468

. Lindstrém J, Peltonen M, Eriksson JG, et al. Improved lifestyle and

decreased diabetes risk over 13 years: long-term follow-up of the
randomised Finnish Diabetes Prevention Study (DPS). Diabetologia.
2012;56(2):284-293. doi:10.1007/s00125-012-2752-5

. Li G, Zhang P, Wang J, et al. The long-term effect of lifestyle

interventions to prevent diabetes in the China Da Qing
Diabetes Prevention Study: a 20-year follow-up study. Lancet. 2008;371
(9626):1783-1789. doi:10.1016/s0140-6736(08)60766-7.33

. Li G, Zhang P, Wang J, et al. Cardiovascular mortality, all-cause

mortality, and diabetes incidence after lifestyle intervention for people
with impaired glucose tolerance in the Da Qing Diabetes Prevention
Study: a 23-year follow-up study. Lancet Diabetes Endocrinol. 2014;2
(6):474-480. doi:10.1016/s2213-8587(14)70057-9

. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M.

Acarbose for prevention of type 2 diabetes mellitus: the STOP-NIDDM
randomised trial. Lancet. 2002;359(9323):2072-2077.

. DeFronzo RA, Tripathy D, Schwenke D, et al. Pioglitazone for

diabetes prevention in impaired glucose tolerance. N Engl J Med.
2011;364(12):1104-1115. doi:10.1056/NEJMoa1010949

Gerstein HC, Yusuf S, Bosch J, et al. DREAM (Diabetes REduction
Assessment with ramipril and rosiglitazone Medication) Trial
Investigators. Effect of rosiglitazone on the frequency of diabetes in
patients with impaired glucose tolerance or impaired fasting glucose: a
randomised controlled trial. Lancet. 2006;368(9541):1096-1105.
doi:10.1016/S0140-6736(06)69420-8

. Torgerson JS, Hauptman J, Boldrin MN, Sjostrom L. XENical in the

Prevention of Diabetes in Obese Subjects (XENDOS) study: a
randomized study of orlistat as an adjunct to lifestyle changes for the
prevention of type 2 diabetes in obese patients. Diabetes Care.
2004;27(1):155-161. doi:10.2337/diacare.27.1.155

November 2018 | Vol 118 | No. 11


https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.cdc.gov/healthyschools/obesity/facts.htm
https://www.cdc.gov/healthyschools/obesity/facts.htm
https://www.cdc.gov/healthyschools/obesity/facts.htm
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/media/pressrel/2010/r101022.html
https://www.cdc.gov/media/pressrel/2010/r101022.html
https://www.cdc.gov/media/pressrel/2010/r101022.html

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

The Journal of the American Osteopathic Association

. Garvey WT, Ryan DH, Henry R, et al. Prevention of type 2 diabetes in

subjects with prediabetes and metabolic syndrome treated with
phentermine and topiramate extended release. Diabetes Care.
2014;37(4):912-921. doi:10.2337/dc13-1518

. Sjostrom L, Lindroos AK, Peltonen M, et al. Lifestyle, diabetes, and

cardiovascular risk factors 10 years after bariatric surgery. N Engl
J Med. 2004;351(26):2683-2693. doi:10.1056/nejmoa035622

Ratner RE, Christophi CA, Metzger BE, et al. Prevention of diabetes in
women with a history of gestational diabetes: effects of metformin and
lifestyle interventions. J Clin Endocrinol Metab. 2008;93
(12):4774-4779. doi:10.1210/jc.2008-0772

Salpeter SR, Buckley NS, Kahn JA, Salpeter EE. Meta-analysis:
metformin treatment in persons at risk for diabetes mellitus. Am J Med.
2008;121(2):149-157. doi:10.1016/j.amjmed.2007.09.016

The Diabetes Prevention Program (DPP) Research Group. Effects of
withdrawal from metformin on the development of diabetes in the
Diabetes Prevention Program. Diabetes Care. 2003;26(4):977-980.

Kawamori R, Tajima N, lwamoto Y, et al. Voglibose for prevention of
type 2 diabetes mellitus: a randomised, double-blind trial in Japanese
individuals with impaired glucose tolerance. Lancet. 2009;373
(9675):1607-1614. doi:10.1016/s0140-6736(09)60222-1

Kirkman MS, Shankar RR, Shankar S, et al. Treating postprandial
hyperglycemia does not appear to delay progression of early type 2
diabetes: the Early Diabetes Intervention Program. Diabetes Care.
2006;29(9):2095-2101. doi:10.2337/dc06-0061

Buchanan TA, Xiang AH, Peters RK, et al. Preservation of pancreatic
B-cell function and prevention of T2DM by pharmacological treatment
of insulin resistance in high-risk Hispanic women. Diabetes. 2002.51
(9):2796-2803.

DREAM (Diabetes REduction Assessment with ramipril and
rosiglitazone Medication) Trial Investigators. Incidence of diabetes
following ramipril or rosiglitazone withdrawal. Diabetes Care. 2011;34
(6):1265-1269. doi:10.2337/dc10-1567

Tripathy D, Schwenke DC, Banerji M, et al. Diabetes incidence
and glucose tolerance after termination of pioglitazone therapy:
results from ACT NOW. J Clin Endocrinol Metab. 2016;101
(5):2056-2062.

Goltsman |, Khoury EE, Winaver J, Abassi Z. Does thiazolidinedione
therapy exacerbate fluid retention in congestive heart failure?
Pharmacol Ther. 2016;168:75-97.

le Roux CW, Astrup A, Fujioka K, et al. 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;389(10077):1399-1409. doi:10.1016/S0140-6736(17)30069-7

Hemmingsen B, Sonne DP, Metzendorf MI, Richter B.
Dipeptidyl-peptidase (DPP)-4 inhibitors and glucagon-like peptide
(GLP)-1 analogues for prevention or delay of type 2 diabetes
mellitus and its associated complications in people at increased
risk for the development of type 2 diabetes mellitus. Cochrane
Database Syst Rev. 2017;5:CD012204. doi:10.1002/14651858.
cd012204.pub2

Heymsfield SB, Segal KR, Hauptman J, et al. Effects of weight loss
with orlistat on glucose tolerance and progression to type 2 diabetes in
obese adults. Arch Intern Med. 2000;160(9):1321-1326.

Kramer CK, Leitdo CB, Pinto LC, et al. Efficacy and safety of
topiramate on weight loss: a meta-analysis of randomized controlled
trials. Obes Rev. 2011;12(5):338-347.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

REVIEW

American Diabetes Association. 5. Prevention or delay of type 2
diabetes: standards of medical care in diabetes—2018. Diabetes
Care. 2018;41(suppl 1):S51-S54. doi:10.2337/dc18-s005

Garber AJ, Abrahamson MJ, Barzilay JI. et al. Consensus statement
by the AACE and ACE on the comprehensive T2DM management
algorithm—2018 executive summary. Endocr Pract. 2018;24
(1):91-120.

Garber AJ, Handelsman Y, Einhorn D, et al. Diagnosis and
management of prediabetes in the continuum of hyperglycemia:
when do the risks of diabetes begin? a consensus statement from
the American College of Endocrinology and the American
Association of Clinical Endocrinologists. Endocr Pract. 2008;14
(7):933-946.

Avalere Health. Estimated federal impact of H.R. 962/ S. 452 “The
Medicare Diabetes Prevention Act.” http:/www.diabetes.org/assets/
pdfs/advocacy/estimated-federal-impact-of.pdf. Accessed December
29, 2017.

Alexandria V. New report finds more than $1.3 billion in savings
through legislation. American Diabetes Association, YMCA of the
USA and American Medical Association release new cost estimate
on federal savings of the Medicare Diabetes Prevention Act.
http:/www.diabetes.org/newsroom/press-releases/2014/
mdpa-federal-savings.html. Published February 24, 2014. Accessed
May 31, 2018.

Herman WH, Hoerger TJ, Brandle M, et al. the Diabetes Prevention
Program (DPP) Research Group. The cost-effectiveness of lifestyle
modification or metformin in preventing type 2 diabetes in adults with
impaired glucose tolerance. Ann Intern Med. 2005;142(5):323-332.

Medicare Diabetes Prevention Program (MDPP) Expanded Model.
The Centers for Medicare & Medicaid Services website. https:/www.
cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-
program-mdpp-expanded-model. Published November 2, 2016.
Accessed May 31, 2018.

California Department of Health Care Services. Diabetes Prevention
Program. http:/www.dhcs.ca.gov/services/medi-cal/Pages/
Diabetes-Prevention-Program.aspx. Accessed May 31, 2018.

Ackermann RT, Marrero DG. Adapting the Diabetes Prevention
Program lifestyle intervention for delivery in the community. Diabetes
Educ. 2007;33(1):69-78. doi:10.1177/0145721706297743

Laatikainen T, Dunbar JA, Chapman A, et al. Prevention of type 2
diabetes by lifestyle intervention in an Australian primary health
care setting: Greater Green Triangle (GGT) Diabetes Prevention
Project. BMC Public Health. 2007;7:249.

Costa B, Barrio F, Cabre JJ, et al. Delaying progression to type 2
diabetes among high-risk Spanish individuals is feasible in real-life
primary healthcare settings using intensive lifestyle intervention.
Diabetologia. 2012;55(5):1319-1328. doi:10.1007/s00125-012-2492-6

Centers for Disease Control and Prevention. Centers for Disease
Control and Prevention Diabetes Prevention Recognition Program:
standards and operating procedures. https:/www.cdc.gov/diabetes/
prevention/pdf/dprp-standards.pdf. Accessed May 31, 2018.

Medicare diabetes prevention program (MDPP) expanded model.
Centers for Medicare and Medicaid Services website. https:/www.cms.
gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-
mdpp-expanded-model. Published November 2, 2016. Accessed
September 27, 2018.

© 2018 American Osteopathic Association

November 2018 | Vol 118 | No. 11

737


http://www.diabetes.org/assets/pdfs/advocacy/estimated-federal-impact-of.pdf
http://www.diabetes.org/assets/pdfs/advocacy/estimated-federal-impact-of.pdf
http://www.diabetes.org/assets/pdfs/advocacy/estimated-federal-impact-of.pdf
http://www.diabetes.org/assets/pdfs/advocacy/estimated-federal-impact-of.pdf
http://www.diabetes.org/assets/pdfs/advocacy/estimated-federal-impact-of.pdf
http://www.diabetes.org/assets/pdfs/advocacy/estimated-federal-impact-of.pdf
http://www.diabetes.org/assets/pdfs/advocacy/estimated-federal-impact-of.pdf
http://www.diabetes.org/newsroom/press-releases/2014/mdpa-federal-savings.html
http://www.diabetes.org/newsroom/press-releases/2014/mdpa-federal-savings.html
http://www.diabetes.org/newsroom/press-releases/2014/mdpa-federal-savings.html
http://www.diabetes.org/newsroom/press-releases/2014/mdpa-federal-savings.html
http://www.diabetes.org/newsroom/press-releases/2014/mdpa-federal-savings.html
http://www.diabetes.org/newsroom/press-releases/2014/mdpa-federal-savings.html
http://www.diabetes.org/newsroom/press-releases/2014/mdpa-federal-savings.html
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
http://www.dhcs.ca.gov/services/medi-cal/Pages/Diabetes-Prevention-Program.aspx
http://www.dhcs.ca.gov/services/medi-cal/Pages/Diabetes-Prevention-Program.aspx
http://www.dhcs.ca.gov/services/medi-cal/Pages/Diabetes-Prevention-Program.aspx
http://www.dhcs.ca.gov/services/medi-cal/Pages/Diabetes-Prevention-Program.aspx
http://www.dhcs.ca.gov/services/medi-cal/Pages/Diabetes-Prevention-Program.aspx
http://www.dhcs.ca.gov/services/medi-cal/Pages/Diabetes-Prevention-Program.aspx
https://www.cdc.gov/diabetes/prevention/pdf/dprp-standards.pdf
https://www.cdc.gov/diabetes/prevention/pdf/dprp-standards.pdf
https://www.cdc.gov/diabetes/prevention/pdf/dprp-standards.pdf
https://www.cdc.gov/diabetes/prevention/pdf/dprp-standards.pdf
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model
https://www.cms.gov/newsroom/fact-sheets/medicare-diabetes-prevention-program-mdpp-expanded-model

	Evidence for the Prevention of Type 2 Diabetes Mellitus
	Abstract
	Evidence for Prevention or Delay of T2DM
	Lifestyle Interventions
	Medications
	Metabolic Surgery

	Recommendations for Diabetes Prevention
	Cost-Effectiveness of Diabetes Prevention
	Effectiveness of Community-Based DPPs
	Referring Patients to a DPP
	Future Directions
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


