Pharmacological
management of pre-diabetes
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Definition of prediabetes

ADA 1FG | FPG 100-125 mg/dl (5.6- 6.9 mmol/liter)
(2012)

Increased | IGT | 2hPG 141-199 mg/dl (7.8-11.0 mmol/liter)
risk for ; 2hr 75g-OGTT

diabetes HbA1c 5.7 -6.4 %

Indian :
Health IFG | FPG 100-125 mg/dl (5.6-6.9 mmol/liter)
Service :
(2006) IGT | 2hPG 141-199 mg/dl (7.8-11.0 mmol/liter)
A . IFG | FPG 111-125 mg/dl (6.1-6.9 mmol/liter) with
Dlil;lgza’lcelsn 2hPG <140 mg/dl (7.8 mmol/liter)
(S;)g:)eg IGT | FPG <126 mg/dl (7.0 mmol/liter) and

2hPG 141-199 mg/dl (7.8-11.0 mmol/liter)

Diabetes Care 35: suppl(1), 2012
J Clin Endocrinol Metab 93: 3259—3265, 2008
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Natural course of untreated
prediabetes

o» The risk of progressing to diabetes depends on
- the degree of insulin resistance & insulin deficiency
- other diabetes risk factors
(age, family history, obesity, or GDM, PCO)

o Average annual risk of developing diabetes
- Normoglycemia : approximately 0.7%/yr
- Prediabetes (IFG or IGT) : 5~10%/yr
- DPP: 11%/yr

o0 Over the lifetime, a majority of patients with IFG,
IGT, or both would develop type 2 diabetes in the
absence of intervention.



Prediction of Incident Diabetes Mellitus
in Middle-aged Adults

The Framingham Offspring Study
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Dose-response relationship of cardiovascular
disease with fasting and post-challenge blood
glucose levels

Meta-analysis of 38 Prospective Studies
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Arch Intern Med. 2004;164:2147-2155



Treatment of Prediabetes

- Life style modification

- Pharmacologic management



Life style modification

* Finnish Diabetes Prevention Study

* Chinese Da Qing Diabetes Prevention
Study

» Diabetes Prevention Program
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1. Finnish Diabetes Prevention

o Zl2tE 5l AlEH

0 1993-19984E (E # 3.24)

o [H&IAt — high risk (IGT, over weight)
o 5229 (=/(H, 172/350)

o Intervention group (n=265)

o Control group (n=257)
o IGT: 19855 WHO J|&



* Intervention group
"1 S OF 75| QAN OF A

UHBJH 2 SANRE

-

A OF AL
nERE

NEETE

_ HE 5% 0l

<30%, <42

A0l 42 >15g/1000Kal)

O O o

o e+ 2S2Y (>4hr/F))

« Control group

= =)

N Engl J Med 2001,344:1343-50



A-118Il =8 &5 8k

INTERVENTION CONTROL
GoAL GRouP GRouP P VaALUEtT

% of subjects

Weight reduction >5% 43 13 0.001
Fat intake <30% of energy intake 47 26 0.001
Saturated-fat intake <10% of energy 26 11 0.001
intake
Fiber intake =15 g /1000 kcal 25 12 0.001
Exercise >4 hr/wkit 36 71 0.001
\ s/

* Nutrient intakes were calculated from three-day food records.

t P values were determined by the chi-square test for the difference between
the groups.

* Exercise frequency was reported by the subjects who chose one of the
four categories described in Table 3. The goal identified here was a frequency
in category 2 or higher.
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Cumulative Probability of
Remaining Free of Diabetes
o
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Intervention group

risk
- 58%

Control group

0.4

SUBJECTS AT RiIsK

Total no.

Cumulative no. with diabetes:
Intervention group
Control group

2 3 4 5 6
Study Year
471 374 167 53 27
15 22 24 27 27
37 51 53 57 59

N Engl J Med 2001,344:1343-50



Finnish Diabetes Study
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2. Da Qing study

e ==, Da Qing, 33 &2 4

e =0l 87.3% (110,660) = IGT (577%)
o LHAXI — 25AM1 Ol &, 68 =H A H
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AAIRYE A (n=141)

« BMI < 25kg/m?
;. 25-30Kal/kg/day,
(Et2-3}S/CH8H/X| 2t 55-65/10-15/25-30%)
OFHE = H &, =,H=5 Mlst
« BMI > 25kg/m?
. reduce intake (2 & : BMI= 23kg/m?)

, Individual counseling




s (n=130)

o XA 1R leisure exercise

o <50A|, AAEE() H2EEE(): 2 HH

« F1INE-0H=F, OIF BJHE—DHE
Ol=0l= O30 OtCH 22l € W=

« HZ=- indoor activity 1

AMAMHE2S2E R (n=126)

(HZX = (h=133)

o ZEHQ HEMS
« JHEBXHQ W= Qls
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Da Qing A+ &1t (63 =

<)

AT 24
= (lean/overweight)
(HA= 67.7% (60.0 /72.3)
AMAIR 8 43.8% (38.2/48.0) f31 %\
e 41.1% (26.3 /51.2) 46%
MAHES Y 46.0% (34.8 /52.5) \42%2
MAHES9| : additive effect 83



3. DPP (Diabetes Prevention Program)

o = 27 JlIFAl &

® 1996-19994 (H# 2.84)
o [H&tX} — IGT, BMI =24, age >25
e 323498 (5/0, 172/350)

e placebo group (n=1082) )
e metformin group (n=1073) ¢
o

Life-style group (n=1079) .

N Engl J Med 2002;346:393-403



e Intervention group

" HeIHE S0 162 Ol M2& 2|

S Y M2X pels ©s
EXE 4-67/04304 ", MatAE 13/0] 4/
= 22F > 7% (500-1000Kal/day | &

S
S=2Y > 150min/week”

e Metformin group

n Qj
=

SIX Ol M P2 + 850mg bid/day

. Placebo group

n Qj
=

B0l HEMS +placebo bid/day

N Engl J Med 2002;346:393-403
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Figure 2. Cumulative Incidence of Diabetes According to Study Group.
The diagnosis of diabetes was based on the criteria of the American Diabetes
Association. The incidence of diabetes differed significantly among the three groups

(P<0.001 for each comparison).
N Engl J Med 2002;346:393-403



DPP Study %

SEHYME (4.8 vs 7.8 vs 11.0%)
3 =AY ME (144 vs 21.7 vs 28.9)
Diabetes risk | : (58% vs 31%)

: MEAUA STH > Metformin

=43, 2158 X0 s

Metformin : 243 d, BMI =2 &3 0 g1t
Lifestyle : 0, BMI &UH&E 2 32 H &1




Pharmacologic Intervention

Metformin
Thiazolidinedione
Acarbose
Sulfonylurea, glinides
Orlistat

ACEIl, ARB

Estrogen treatment



gr
1. Thiazolidinedione

o TRoglitazone In the Prevention Of Diabetes (TRIPOD)

o Diabetes REduction Assessment with ramipril and
rosiglitazone Medication (DREAM, DREAM On)

o ACTos NOW for the Prevention of Diabetes (ACT NOW)

o Pioglitazone In Prevention Of Diabetes (PIPOD)



TRIPOD gl:olggilai":oa:toer;e In the Prevention ]

O0l= 1JH &lE, 1995-1998 enroll
20008 3E s (=4 AlEHsK)
=24 : GDM(+) H &0l A troglitazoneO|
Ol ety e, =380l
CHa . StET A S 235 (2589 )
759 OGTT (5=l &€& >650mg/dL)
troglitazone group : 400mg/day
placebo group :
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ACT NOW ([pioglitazone)

o Ul= 8 dH, LHiE2=&H0 602& i

e =& : pioglitazoneO| LHE =& 0 AHAI A

S HMS ORIE & X

12 : Ol=el Zdd/HIEtAE DS IS
CVD risk Ji&, IMT, microalbuminuria

e pioglitazone group : 45mg/day
e 4812 2Z& Y



ACT NOW (pioglitazone])

A sceand vatio, 028 (95% Cl, 0.16-0.49)
P<0.001
Placebo
-U 03_ IlIlll;
s st
5 ¥
-..-al. °
v o 81% reduction
= 0.24 -
= &
£ g
6 --...’-. ..
0.14 :-’m Pioglitazone
00 I I I | I I | |
0 6 12 18 24 30 36 42 48
Months since Randomization
No. at Risk
Placebo 299 259 228 204 191 134 83 17

Pioglitazone 303 262 244 228 218 140 87 24

N Engl J Med 2011; 364:1104-1115



PIPOD gi:glizcaze:;\: In the Prevention ]

o (H& : 2tElH, GDM (+) &L= 0| N
TRIPOD &+ H50¢(2t=)AH 953
e 3 2H30mg—45mqg)= <, 6= wash out
e diabetes incidence rate ; 4.6%/yr
(LA &l01 gl 22t



PIPOD gi:glizcaze:;\: In the Prevention ]

0.014

B TRIPOD
O PiPOD

p = 0.006
0.012-

0.01+

=0.26
0.008 g
0.006 -

0.004 -

CIMT change(mm/year)

0.002+

L

TRIPOD Troglitazone Group TRIPOD placebo Group

Fig. 1. CIMT progression rates during TRIPOD and PIPOD treatment periods for
women who completed TRIPOD without diabetes and participated in PIPOD with
at least one follow-up CIMT. Rates are presented as mean and S.E. by their initial
TRIPOD randomization status: TRIPOD troglitazone group (A= 31) and TRIPOD
placebo group (V= 30). p-Values are for differences between TRIPOD and PIPOD
study periods, by random coefficients mixed-effect modeling.

Atherosclerosis 199 (2008) 207-214



DREAM [ Diabetes REduction Assessment with ]
ramipril and rosiglitazone Medicaiton

o =X : romghtazoneEOt Al B & Ok 1t
CH&F : 30Al Ol &, IGT, IFG without CVD
2104 =, 191@ Et 5269
rosiglitazone 8mg, 382t £<f
11.6% vs 26.0% (HR 0.40) — T2DM
50.5% vs 30.3%, (1.71) —normoglycemia

AME D AFAH BIG: HO| Hl=8&t

Heart failure : 0.5% vs 0.1% (p=0.01)

Lancet 368, 1096-1105, 2006



Time to

Cumulative hazard

Number at risk
Placebo
Rosiglitazone

occurrence of primary outcome
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Lancet 368, 1096-1105, 2006



2. Acarbose [STOP-NIDDM]

e =& 8= + JILILCE
® 1998-20014 (B 3.39)
o L&A}
IGT, BMI >25-40kg/m?, age 40-70yr
® 14293
e placebo group (n=715)
e acarbose group (n=714) : 10o0mg tid



Cumulative probability of remaining free of
diabetes over time

“20% risk reduction”

p=0-0022

as acarbose

Cumulative probability
o
-\]
T

0-55- placebo

— 1
O O L L L L O Q
,yQ Q,Q ,-bQ S <OQ S O ‘bQ qQ

Days after randomisation

Patients at risk
Acarbose 682 655628 612 531 523515 497 463 447 432 349268 212
Placebo 686 671655 640 512 505497 470 434 427414 331255208



3. Nateglinide (NAVIGATOR)

€ Nateglinide (up to 60 mg tid) in subjects with IGT

1. prevention of diabetes
2, prevention of CVD or CVD risk.

€ Followed up for a median of 5 years

€ Nateglinide failed to reduce progression to diabetes rates.
; incidence of diabetes : 36% vs 34% (hazard ratio 1.07)

€ Nateglinide also failed to reduce cardiovascular events,
whereas it increased the risk of hypoglycemia.

N. Engl. J. Med. 362, 1463—1476.



A. XENDOS [ Dizbetes in obise Subject

Oz wEleeg) el

® 1997-20024E (B 4 H)

o (& At — Obesity (BMI =30 kg/m?2)
(IGT 70%, NGT 21%)

® 33053

e Orlistat group (n=1650, 120mg tid)

e Placebo group (n=1655)

e All subjects - life style modification
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5. Inhibition of Angiotensin 11

€ possible mechanisms of ACEI, or ARB on prevention
- increased insulin sensitivity

- protective effect on the pancreas via increased
blood flow

€ Most of the original data — secondary outcome
€ incidence of newly diagnosed diabetes : 25%
€ The available data suggest a relatively weak effect of ACE

inhibitors or ARBs compared with lifestyle intervention or
other effective medications for the prevention of diabetes.

J Am Coll Cardiol 2005;46:821— 6



Prevention of Type 2 Diabetes by
ACE Inhibitors or ARBs

Trial No. of Years of Risk Ratio
(Ref. No.) Patients Follow-Up* Percent of New Diabetics (95% Confidence Interval)y

CAPPP (15) 10,985 6.1 Captopril 337/5,183 (6.5%) 0.79 (0.67-0.94)
Diuretic/beta-blocker 380/5,230 (7.3%)

STOP-2 (16) 6,614 5 Conventional drugs 97/1,961 (4.9%) 0.96 (0.72-1.27)
ACE inhibitors 93/1,969 (4.7%)

HOPE (17) 9,297 5 Ramipril 102/2,837 (3.6%) 0.66 (0.51-0.85)
Placebo 155/2,883 (5.4%)

LIFE (18) 9,193 4.8 Losartan 241/4,019 (6%) 0.75 (0.63-0.88)
Atenolol 319/3,979 (8%)

ALLHAT (19) 33,357 4.9 Lisinopril 119/4,096 (8.1%) 0.70 (0.56-0.86)
Chlorthalidone 302/6,766 (11.6%)

ANBP2 (20) 6,083 Median 4.1 Enalapril 138/2,800 (4.9%) 0.66 (0.54-0.85)
HCTZ 200/2,826 (7.1%)

SCOPE (21) 4,937 3.7 Candesartan 93/2,167 (4.3%) 0.81 (0.61-1.02)

Maximum 5 Placebo 115/2,175 (5.3%)

ALPINE (22) 392 1 Candesartan * felodipine 1/196 (0.5%) 0.13 (0.03-0.99)
Atenolol = HCTZ 8/196 (4%)

CHARM (23) 7.599 3.2 Candesartan 163/2,715 (6%) 0.78 (0.64-0.96)
Placebo 202/2,721 (7%)

SOLVD (24) 4,228 3.4 Enalapril 9/153 (5.9%) 0.26 (0.13-0.53)
Placebo 31/138 (22.4%)

VALUE (25) 15,245 4.2 Valsartan 690/5,267 (13.1%) 0.77 (0.69-0.86)
Amlodipine 845/5,152 (16.4%)

PEACE (26) 8,290 Maximum 7 Trandolapril 335/3,432 (9.8%) 0.83 (0.72-0.96)

Median 4.8

Placebo 399/3,472 (11.5%)

J Am Coll Cardiol 200546:821- 6



6. Estrogen therapy

€ Heart and Estrogen/Progestin Replacement Study (HERS)
cumulative incidence of type 2 diabetes ;
6.2 % vs 9.5 % (HR 0.6; 95% CI 0.5-0.9)

€ Women's Health Initiative (WHI)
cumulative incidence of treated diabetes ;
3.5 % vs 4.2 % (HR 0.79; 95% CI 0.7-0.9)

€ combined HRT may reduce the risk of type 2 diabetes
mellitus. However, this effect is insufficient to recommend
HRT as a diabetes prevention strategy in women.



TABLE Il. LIFESTYLE INTERVENTIONS TO PREVENT DIABETES IN PATIENTS WITH PREDIABETES.

Study Population Study Protocol Effect on Diabetes Incidence
Da Qing IGT and Patients with IGT Diet; exercise; or diet plus Reductions: 31%, 46%,
Diabetes Study?® (n=1577) exercise and 42%, respectively
Diabetes Prevention Program?® Patients with IGT Intensive lifestyle intervention; or ~ Reductions: intensive
(n=3234) standard lifestyle intervention lifestyle 58% vs placebo,

plus placebo or metformin 39% vs metformin

Finnish Diabetes Prevention

Overweight patients
Study1?

Lifestyle intervention; or
with IGT (n = 522)

Reduction: lifestyle intervention
control group

58% vs control group

TABLE 1lIl. ORAL AGENTS TO PREVENT DIABETES OR CARDIOVASCULAR (CV) EVENTS IN PATIENTS

WITH PREDIABETES.

Study Population Intervention Effect

DPP? Patients with IGT Metformin 850 mg BID Reduced risk of diabetes:
(n=3234) or placebo 31% with metformin vs placebo

TRIPODM! Hispanic women with Troglitazone or placebo Reduced incidence of diabetes:
gestational diabetes 55% with troglitazone vs placebo
(n = 266)

DREAM!213 Patients with [FG or IGT Rosiglitazone 8 mg/d Reduced risk of diabetes:

STOP-NIDDM!

Chinese Acarbose Study!®

XENDOS!®

(n=5269)

Patients with IGT
(n=1429)

Chinese patients with IGT
(n=261)

Obese patients with or
without IGT
(n = 3305)

or placebo, plus ramipril
<15 mg/d or placebo

Acarbose 100 mg TID
or placebo

Acarbose 50 mg TID
or placebo

Orlistat 120 mg TID
or placebo, plus
lifestyle intervention

60% with rosiglitazone;
9% with ramipril

Reduced relative risk of diabetes:

25% with acarbose vs placebo
Reduced risk of CV events:
49% with acarbose vs placebo

Reduced conversion to diabetes:
7 vs 12 with acarbose vs placebo

Reduced risk of diabetes:
37.3% with orlistat for all patients,
45% for patients with IGT vs placebo

Clinical Cornerstone. 2007;8[2]:10—20



ADA guidelines for Prediabetes

€ Modest weight loss (5-10 percent of body weight)

€ Moderate-intensity exercise (30 minutes daily)

€ Smoking cessation

€ Because of its effectiveness, low cost, and long-term
safety, the ADA recommends consideration of

metformin for prevention of diabetes in individuals at
highest risk for developing diabetes.

€ Patients treated with metformin require monitoring,
including twice yearly A1C assessments.







