
Point: If It Is Important to Prevent Type 2
Diabetes, It Is Important to Consider All
Proven Therapies Within a Comprehensive
Approach

T ype 2 diabetes is a common meta-
bolic disease that is defined on the
basis of glucose levels above specific

thresholds. Individuals with type 2 diabe-
tes are at high risk of blindness, renal fail-
ure, amputation, cardiovascular disease,
premature death, dementia, and a variety
of other chronic diseases and life-
threatening events. However, unlike other
risk factors for future events (e.g., hyper-
lipidemia or hypertension), type 2 diabe-
tes is often associated with symptoms and
discomfort related to elevated glucose lev-
els that range from fatigue, nocturia, poly-
uria, and nonspecific aches and pains to
dehydration and coma. Moreover, once
diabetes is diagnosed, affected individuals
incur additional cost and inconvenience
related to disease labeling, dietary and
lifestyle modification, glucose monitor-
ing, eye assessments, and higher health
and life insurance premiums.

Several trials have shown that aggres-
sive management of type 2 diabetes can
reduce the risk of microvascular disease
(1–3), and that multifactorial risk factor
interventions can reduce the risk of these
and other consequences (4 – 6). These
considerations and epidemiologic evi-
dence that the risk of eye and kidney dis-
ease is well below the diagnostic
thresholds for diabetes suggest that if glu-
cose levels are prevented from rising past
these thresholds, or the rise is delayed,
these consequences will also be prevented
or delayed. Moreover, evidence that the
glucose level is a progressive risk factor
for cardiovascular events (i.e., that the
risk rises with the glucose level) (7–11)
supports the hypothesis that preventing
or delaying any rise within the nondia-
betic range may reduce the risk of cardio-
vascular events. Finally, if ongoing
clinical trials (12) show that therapies that
lower elevated glucose levels in individu-
als with and without diabetes reduce the
risk of cardiovascular events, then a ther-
apy that both prevents diabetes and low-
ers or normalizes glucose levels may also

reduce cardiovascular risk. Such a possi-
bility has already been raised by at least
one diabetes prevention trial (13).

Today, these are just hypotheses, and
whether they are true may depend on the
specific means by which the intervention
prevents or slows the rise in glucose lev-
els, in addition to whether it lowers non-
diabetic glucose levels or just keeps them
from rising any higher. For example, a
hypothetical drug that dramatically low-
ers the renal threshold for glucose and
causes glucosuria may have a very differ-
ent effect on the consequences of diabetes
than a drug that improves �-cell function,
even though both agents could prevent or
slow a rise of glucose levels past the dia-
betes thresholds.

Clinical trials in individuals with im-
paired glucose tolerance (IGT) have
clearly shown that a program of diet and
exercise can substantially reduce the inci-
dence of type 2 diabetes by �60%
(14,15), and that the glucose-lowering
drugs metformin and acarbose can reduce
the incidence of diabetes by 25–30%
(14,16). Most recently, the Diabetes Re-
duction Assessment with Ramipril and
Rosiglitazone Medication (DREAM) trial
showed that the addition of the thiazo-
lidinedione rosiglitazone to healthy life-
style advice can reduce type 2 diabetes by
60% in individuals with either impaired
fasting glucose (IFG) or IGT (17), and that
this metabolic benefit was accompanied
by modest weight gain preferentially lo-
calized to the hip versus the abdomen.
The most notable adverse effect was non-
fatal congestive heart failure that occurred
at a low incidence of 0.5% over 3 years.

The possibility that diabetes inci-
dence can be reduced by agents that are
not viewed as glucose-lowering agents
has also been prospectively tested. One
clinical trial (18) of a weight-reducing
drug reported a 37% risk reduction in
obese individuals. However, the fact that
only 43% of the randomized participants
were followed for the full study period

and that benefits were most apparent in
the IGT subgroup make it difficult to gen-
eralize these findings to all obese individ-
uals. Most recently, the DREAM trial
reported that ramipril did not signifi-
cantly reduce diabetes incidence in indi-
viduals with IFG or IGT at low risk for
cardiovascular disease (19), in contrast to
a meta-analysis of previous ACE trials that
suggested a modest effect on diabetes pre-
vention in individuals at high risk for car-
diovascular events (20). However, the
data suggested a trend toward benefit af-
ter 3 years, and ramipril did significantly
increase the secondary outcome of regres-
sion to normoglycemia (19).

Table 1 summarizes the key charac-
teristics and results of the trials of non-
pharmacologic and pharmacologic
interventions that yielded a significant re-
duction, delay, or prevention of diabetes.
It is important to note that from a clinical
perspective, the words “reduction,” “de-
lay,” and “prevention” are identical. For
the group allocated to the interventions
that yielded positive results, diabetes in-
cidence was reduced; for the individuals
within that group who did not develop
diabetes, it was delayed or prevented dur-
ing the trial. Moreover, if they do not de-
velop diabetes before they die from other
causes, it will have been prevented for
their life. Whether either diet and exercise
or the pharmacologic interventions tran-
siently or permanently altered the under-
lying metabolic physiology responsible
for the rise in glucose levels over time is a
mechanistic or biologic question. It can
be answered in part by short- and long-
term follow-up of participants who did
not develop diabetes during the trial and
who are no longer following a diet and
exercise regimen or who are no longer
taking the drugs (i.e., in whom the effects
of the intervention are being “washed
out”). Such a question is being answered
for both ramipril and rosiglitazone during
a post-trial follow-up of DREAM trial par-
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ticipants who are taking single-blind
placebo.

Thus, strong evidence from random-
ized clinical trials shows that diabetes can
be prevented by dietary modification, in-
creased physical activity, and a growing
list of drugs. Moreover, it is likely that the
list of drugs will continue to grow with
time and that their benefits will magnify
the benefits of diet and exercise. If this is
true, the impact of combination therapy
would indeed be impressive. For exam-
ple, if the effects of rosiglitazone and a diet
and exercise program similar to that of-
fered by the Diabetes Prevention Program
(both with a hazard ratio of �0.4) are
completely independent, the combina-
tion could theoretically yield a hazard ra-
tio as low as 0.16 or a relative risk
reduction of 84%. This would reduce the
3-year risk of diabetes from 26 to 4% in an
individual similar to a DREAM partici-
pant; the addition of metformin would re-
duce it even further.

These considerations suggest that we
are quickly acquiring the tools to mount a
comprehensive approach to diabetes pre-
vention, which will include both non-

pharmacologic and pharmacologic
approaches. Indeed, as learned from
other epidemics, even this will be insuffi-
cient to stem the diabetes epidemic with-
out broader perspective. The response to
the diabetes epidemic needs to include
societal changes to urban planning, food,
education, and social and public health
policies so they more effectively promote
metabolically healthy behaviors. Public
health initiatives that facilitate self assess-
ment of the risk of diabetes with simple
tools (21) and routine glucose testing of
high-risk patients by health care provid-
ers need to be tested and promoted. For
high-risk individuals, healthy lifestyle ap-
proaches should be recommended first
and as background therapy. After subse-
quent evaluation of the risks and benefits
for a particular individual, the addition of
pharmacologic therapy should be consid-
ered when nonpharmacologic approaches
are insufficient or inappropriate, and both
the response to therapy and adverse ef-
fects should be monitored and reevalu-
ated periodically. It is only if we use all of
the tools at our disposal that we will be
able to reverse the growing threat that di-

abetes poses to both the length and qual-
ity of our lives.
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Table 1—Therapies proven effective in diabetes prevention trials

Study (reference) n Population
Age

(years)
Duration
(years)

Follow
up

Intervention
(daily dose)

Control
subjects
(%/year) Relative risk

Finnish DPS (15) 522 IGT, BMI �25 kg/m2 55 3.2 92 Individual
diet/exercise

6 0.42 (0.30–070)

DPP (14) 2,161* IGT, BMI �24 kg/m2,
FPG �5.3 (95)

51 3 93 Individual
diet/exercise

10 0.42 (0.34–0.52)

Pan et al. (22) 259* IGT (randomized
groups)

45 6 92 Group diet/
exercise

16 0.62 (0.44–0.86)

Kosaka et al. (23) 458 IGT (men), BMI � 24
kg/m2

�55 4 92 Individual
diet/exercise

2 0.33 (0.10–1.0)†

Indian DPP (24) 269* IGT 46 2.5 95 Individual
diet/exercise

22 0.71 (0.63–0.79)

DPP (14) 2,155* IGT, BMI �24 kg/m2,
FPG �5.3

51 2.8 93 Metformin
(1,700 mg)

10 0.69 (0.57–0.83)

Indian DPP (24) 269* IGT 46 2.5 95 Metformin
(500 mg)

22 0.74 (0.65–0.81)

STOP NIDDM
(16)

1,419 IGT, FPG �5.6 54 3.2 96 Acarbose
(300 mg)

13 0.75 (0.63–0.90)

XENDOS (18) 3,277 BMI �30 kg/m2 43 4 43 Orlistat
(360 mg)

2 0.63 (0.46–0.86)

DPP (25) 1,067* IGT, BMI �24 kg/m2,
FPG �5.3

51 0.9 93 Troglitazone
(400 mg)

12 0.25 (0.14–0.43)†

TRIPOD (26) 266 Previous GDM 35 2.5 67 Troglitazone
(400 mg)

12 0.45 (0.25–0.83)

DREAM (17) 5,269 IGT or IFG 55 3.0 94 Rosiglitazone
(8 mg)

9 0.40 (0.35–0.46)

*Number of participants in the indicated comparisons and not the total randomized; †calculated from information in the article. DPP, Diabetes Prevention Program;
DPS, Diabetes Prevention Study; GDM, gestational diabetes mellitus; STOP, Study to Prevent Non-Insulin Dependent Diabetes; TRIPOD, Troglitazone in Prevention
of Diabetes; XENDOS, Xenical in the prevention of Diabetes in Obese Subjects.

Gerstein

DIABETES CARE, VOLUME 30, NUMBER 2, FEBRUARY 2007 433



with sulphonylureas or insulin compared
with conventional treatment and risk of
complications in patients with type 2 di-
abetes (UKPDS 33). Lancet 352:837–853,
1998

2. UK Prospective Diabetes Study (UKPDS)
Group: Effect of intensive blood glucose
control with metformin on complications
in overweight patients with type 2 diabe-
tes (UKPDS 34). Lancet 352, 854–865,
1998

3. Shichiri M, Kishikawa H, Ohkubo Y,
Wake N: Long-term results of the Kum-
amoto Study on optimal diabetes control
in type 2 diabetic patients. Diabetes Care
23 (Suppl. 2):B21–B29, 2000

4. Gaede P, Vedel P, Parving HH, Pedersen
O: Intensified multifactorial intervention
in patients with type 2 diabetes mellitus
and microalbuminuria: the Steno type 2
randomised study. Lancet 353:617–622,
1999

5. Rachmani R, Slavachevski I, Berla M,
Frommer-Shapira R, Ravid M: Teaching
and motivating patients to control their
risk factors retards progression of cardio-
vascular as well as microvascular sequelae
of type 2 diabetes mellitus: a randomized
prospective 8 years follow-up study. Dia-
bet Med 22:410–414, 2005

6. Gaede P, Vedel P, Larsen N, Jensen GV,
Parving HH, Pedersen O: Multifactorial
intervention and cardiovascular disease in
patients with type 2 diabetes. N Engl J Med
348:383–393, 2003

7. DECODE Study Group, European Diabe-
tes Epidemiology Group: Is the current
definition for diabetes relevant to mortal-
ity risk from all causes and cardiovascular
and noncardiovascular diseases? Diabetes
Care 26:688–696, 2003

8. Gerstein HC, Pogue J, Mann JF, Lonn E,
Dagenais GR, McQueen M, Yusuf S: The
relationship between dysglycaemia and
cardiovascular and renal risk in diabetic
and non-diabetic participants in the
HOPE study: a prospective epidemiolog-
ical analysis. Diabetologia 48:1749–1755,
2005

9. Lawes CM, Parag V, Bennett DA, Suh I,
Lam TH, Whitlock G, Barzi F, Woodward
M: Blood glucose and risk of cardiovascu-
lar disease in the Asia Pacific region. Dia-

betes Care 27:2836–2842, 2004
10. Khaw KT, Wareham N, Bingham S,

Luben R, Welch A, Day N: Association of
hemoglobin A1c with cardiovascular dis-
ease and mortality in adults: the European
Prospective Investigation Into Cancer in
Norfolk. Ann Intern Med 141:413–420,
2004

11. Gerstein HC: Glycosylated hemoglobin:
finally ready for prime time as a cardio-
vascular risk factor. Ann Intern Med 141:
475–476, 2004

12. Buse JB, Rosenstock J: Prevention of car-
diovascular outcomes in type 2 diabetes
mellitus: trials on the horizon. Endocrinol
Metab Clin North Am 34:221–235, 2005

13. Chiasson JL, Josse RG, Gomis R, Hanefeld
M, Karasik A, Laakso M: Acarbose treat-
ment and the risk of cardiovascular dis-
ease and hypertension in patients with
impaired glucose tolerance: the STOP-
NIDDM trial. JAMA 290:486–494, 2003

14. Knowler WC, Barrett-Connor E, Fowler
SE, Hamman RF, Lachin JM, Walker EA,
Nathan DM: Reduction in the incidence
of type 2 diabetes with lifestyle interven-
tion or metformin. N Engl J Med 346:393–
403, 2002

15. Tuomilehto J, Lindstrom J, Eriksson JG,
Valle TT, Hamalainen H, Ilanne-Parikka
P, Keinanen-Kiukaanniemi S, Laakso M,
Louheranta A, Rastas M, Salminen V,
Uusitupa M: Prevention of type 2 diabetes
mellitus by changes in lifestyle among
subjects with impaired glucose tolerance.
N Engl J Med 344:1343–1350, 2001

16. Chiasson JL, Josse RG, Gomis R, Hanefeld
M, Karasik A, Laakso M: Acarbose for pre-
vention of type 2 diabetes mellitus: the
STOP-NIDDM randomised trial. Lancet
359:2072–2077, 2002

17. Gerstein HC, Yusuf S, Bosch J, Pogue J,
Sheridan P, Dinccag N, Hanefeld M,
Hoogwerf B, Laakso M, Mohan V, Shaw J,
Zinman B, Holman RR: Effect of rosiglita-
zone on the frequency of diabetes in pa-
tients with impaired glucose tolerance or
impaired fasting glucose: a randomised
controlled trial. Lancet 368:1096–1105,
2006

18. 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 pre-
vention of type 2 diabetes in obese pa-
tients. Diabetes Care 27:155–161, 2004

19. DREAM Trial Investigators: Effect of
ramipril on the incidence of diabetes in
people with impaired fasting glucose or
impaired glucose tolerance. N Engl J Med
355:1551–1562, 2006

20. Dagenais GR, Pogue J, Fox K, Simoons
ML, Yusuf S: Angiotensin-converting-en-
zyme inhibitors in stable vascular disease
without left ventricular systolic dysfunc-
tion or heart failure: a combined analysis
of three trials. Lancet 368:581–588, 2006

21. Lindstrom J, Tuomilehto J: The diabetes
risk score: a practical tool to predict type 2
diabetes risk. Diabetes Care 26:725–731,
2003

22. Pan XR, Li GW, Hu YW, Wang JX, Yang
WY, An ZX, Hu ZX, Lin J, Xiao JZ, Cao
HB, Liu PA, Jiang XG, Jiang YY, Wang JP,
Zhemg H, Zhang H, Bennett PH, Howard
BV: Effects of diet and exercise in prevent-
ing NIDDM in people with impaired glu-
cose tolerance: the Da Qing IGT and
Diabetes Study. Diabetes Care 20:537–
544, 1997

23. Kosaka K, Noda M, Kuzuya T: Prevention
of type 2 diabetes by lifestyle intervention:
a Japanese trial in IGT males. Diabetes Res
Clin Pract 67:152–162, 2005

24. Ramachandran A, Snehalatha C, Mary S,
Mukesh B, Bhaskar AD, Vijay V, the In-
dian Diabetes Prevention Programme:
The Indian Diabetes Prevention Pro-
gramme shows that lifestyle modification
and metformin prevent type 2 diabetes in
Asian Indian subjects with impaired glu-
cose tolerance (IDPP-1). Diabetologia 49:
289–297, 2006

25. Diabetes Prevention Program Research
Group: Prevention of type 2 diabetes with
troglitazone in the Diabetes Prevention
Program. Diabetes 54:1150–1156, 2005

26. Buchanan TA, Xiang AH, Peters RK, Kjos
SL, Marroquin A, Goico J, Ochoa C, Tan
S, Berkowitz K, Hodis HN, Azen SP: Pres-
ervation of pancreatic �-cell function and
prevention of type 2 diabetes by pharma-
cological treatment of insulin resistance in
high-risk Hispanic women. Diabetes 51:
2796–2803, 2002

Point-Counterpoint

434 DIABETES CARE, VOLUME 30, NUMBER 2, FEBRUARY 2007


