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Medical science has made such
tremendous progress that there is
hardly a healthy human left.
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Outline
Total Diagnosed Undi ed Pe [~PrecreTtesg— Mean bod) . i
. Giabetes | disbetest | disbates] | _undisgnosed ncex, kit~ Case histay
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e 08) ' { R « For and against screening for diabetes and diagnosing prediabetes
Age Group p<0001 p<0001 p<0001 p=008 <0001 p=0007 « Definitions and prevaence
20-44 years 50(3867) 27(2038) 24(16-36) 470 (37.1-57.0) 282(244-324) 281(276-286)
. . . . .
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‘Women N:]G(‘g}(i 89(7.2109) 51@.7-71) 36.7 (289452) 36.3 (32.0-40.8) 289(284-294) . CaSe Hlstay
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Outline Case History

* JGis a 54 yr. dd Caucasian commercial airline pilat |
He has passed his airline certification 6 monts’ ago
For and against screening for diabetes and dagnosing prediabetes He falls and sustains a Colles’ fracture of his left wrist
Definitions and prevaence On admissionto the fracture dlinic, he has a capillary 7 -
Risks ofimpaired gucose metabdism blood glucose measured >
Guidelines for screening and diagrostic ariteria The result is 5.7lmm0VI (104 mg) and he _is told that
Lifestyle interventions or prevention hg should see his doctor as he has pre-diabetes
Pharmacolaogical Interventions for prevention H_|s fathel: and _brolh’er bath developed type 2
Case Histay diabetes in their 70’s

He has a BMI of 30 kgm?

Case history




Case History

» Do you agree thathe has pre-diabetes?
* If he does will this stop him flying?
« Are there further tests that you woud wantto do?
* If these confirm a diagnosis of pre-diabetes would
you treat himwith
— Advice on diet and exercise
— Metformin
— Other hypoglycaemic medication
— Weight loss medication
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For and against screening for diabetes and diagnosing prediabetes
Definitions and prevadence
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Lifestyle interventions for prevention
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Case History

Why diagnose pre-diabetes?

* It might explaina patient’s symptoms?
* Itis arisk forill healthinitself
* Itis a risk for developing type 2 diabetes
+ Early treatment provides benefit
— Prevents development of diabetes
— Delays development of diabetes
— Reduces CV morbidity and mortality
» Unproven benefitbutseems logical in the same way that other risk
factor lowering (lipids, BP) has been proven to be beneficial

Why not diagnose pre-diabetes?

« Implications for individuals include:

— the time and other resources necessary toundergo the screening test (or
tests) and any subsequent diagnostic test (ortests);

— the psychological and social effects of the results whether the saeening test
proves ‘positive’ or ‘negative’ and whether or not the diagnosis of type 2
diabetes is subsequently made and

— the adverse effects and costs of earlier treatment of type 2 diabetes ord ay
preventive measures instituted as a result of the individual being found to
have diabetes. These may include occupational discrimination and/or
increased costs or difficulty in obtaining insurance.

Screening for Type 2 of aWorld mesting D03 10
WHONMHMNC/03 1 hitp:/nvsho inudidas/publictionya saning m )3 pd1

Why not diagnose pre-diabetes?

» The effects on the health system and scciety as awhde:

— costs and other implications (especially in primary care and support services
such as clinical biochemistry) of carrying out the screening test (ortests) ad
the necessary confirmatory test (or tests);

— additional costs of the earlier treatment of those ...at high risk of developing
diabetes or cardiovascular disease in the future

— the implications of false negative and false positive

— loss of production as a result of the earlier diagnosis of the condition (from
absence from work or reduced job opportunities, for example)

Screening for Type 2 Diabetes Report of aWorld Healh Org ton ar 1
WHONMIMNC/03 1. http: /A whoinvdish ae/publiction ven soaning_m 03 pdf

Arguments against diagnosing pre-diabetes

» Population measures of glycaemia are continuous, with no
inflections to provide obvious cut-off pants

« Cut-offs for the diagnosis of dabetes are based on threshdds for
risk of retinopathy

* Lesserdegrees of hyperglycaemiaincrease therisk of developing
diabetes and maybe aterid disease. But in bath cases the risk is
graded, making any choice of cut-off point purely arbitrary

Yudkin and Mbntori. BMJ. 2014; 349: g45




Arguments against diagnosing pre-diabetes

Diabetes
Effect of lifestyle Effect of

Predicts interventions drugs  Predicts
Impaired glucose tolerance (7.8-11.1 .
mmolL)* +++ (delays) (disguises)

+ (prevents) (prevents)

Impaired fasting glucose (6.1-6.9 mmoll)  ++ ? @t
Expanded impaired fasting glucose (5.6-
69 mmoliL) + d
Borderline HbA | (6.0-6.4%) -» ?

Expanded borderline HbA ¢ (5.7-6.4%) . ? 9

Yudkin and Montori. BMJ. 2014; 349: g485

Retinal
Arterial disease disease
Effectof lifestyle  Effect of
interventions drugs Predicts

Arguments against diagnosing pre-diabetes

» The logic of creating a diagnostic category of pre-diabetes is thatit
can provide benefit by precisely identifying those who will develop
diabetes, but

— Of 94 risk prediction models for diabetes, less than half included a measure
of glycaemia

— even with the best predictor, impaired glucose lerance, morethan half d
people identified will be free of diabetes 10 years later and two thirds of
people with impaired fasting glucose will not have diabetes after 10 years

— 22 studies of lifestyle interventions through routine healthcare programmes
for diabetes prevention found a mean weight loss of 2.1 kg. < Y2the 56 kg
reported in the US Diabetes Prevention Program

Yudkin and Mbntori. BMJ. 2014; 349: g45
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Case history

Definitions and prevalence
Risks ofimpaired ducose metabdism

Lifestyleinterventions for prevention

Case Histay

Phamacological Interventions for prevertion

For and against screening for diabetes and dagnosing prediabetes

Guidelines for screening and diagnostic criteria

Cut-points for diagnosing diabetes, impaired glucose
tolerance, and impaired fasting

IFG-FG 6.1 (110) 5.0 (90) 5.6 (101)
IGT-2hG 7.8 (140) 6.5(117) 7.2 (130)
Diabetes—FG | 7.0 (126) 5.8 (104) 6.5(117)
Diabetes—2hG | I1.1 (200) 9.4 (169) 10.3 (185)

FPG =fasting plasma glucos; FG=Faslig Gucow; IFG =inpaired fading glucase; IGT =inpairedglucae tderane; 2hG =2-h pos-load
glucose; 2nPG =2-h post-oad fasma glumse

16

Ryden et al. European Heart Journal(2013) 34 30353087

Diagnosis of prediabetes

IFG IGT
25.6 to <6.9 mmadL 27.8t0<110
2100 to <125 mmol/L 2140 to
mg/dL <199 mg/dL

At screening At screening

HbA1c

25.7 10 <6.4%

At screening

HoA, glycosylated menglobin:IFG, inpaired fastng glcos; IGT, inpaired ducase tobrance

American Diabetes Association. Diabetes Care 201033:511-61

DECODE*: fasting plasma glucose and 2 hr blood in 13
European population-based cohorts included

Plasma glucose
mmoliL

10

=== men
women

“Diabetes Epidermology: COllaborative
4 analysis of Diagnoste aiteria h Europe

30-39 4049 50-59 60-69 70-79 80-89

Age (years) 18
Diabetes Care 2003;26:61-69




Effect of Aging on A1C Levels in Individuals Without Diabetes
2
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Framingham Ofspring Study National Health and Nutiion Exarinatian Framingham Ofspring Study
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Pani et al. Diabetes Care 31:1991-1996,2008 19

Overweight and obesity are major risk factors for
prediabetes
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<250 (1=947) 25.0-29.9 (n=825) 230.0 (n=773)
BMI (kg/m2)

Self-reported, physician-dagnosed, ddermined by he affimative answer to the question: *Have you ever been bld bya dodor

that you have prediabets?" Ikelyto bean

Body Mass Index
Chionic DIs 2000:6:A4

Obese people with pre-diabetes (Impaired Glucose
Regulation*) have 17 times as great a risk of type 2 diabetes
207 n=4369 overweight (mean BM=27) Finnish men and women
1 74
LTS
Lt
?i 12
5 10
L e 6.7
H 487
2
2 1
I B e
o <30, a1 =50, o <30 o
normbbiycAaTic nomoglySemic  predisbeie  prediabete
Hu ot al. Arch Intem Med. 2004:164:892-5 JGR: i pama diom 10 ngd a 2r dam dume 102 mgd

Prevalence of prediabetes* in England from 2003 to 2011:
BMI and age

wm =
HbA1c cut-offs as o
specified by the o )

American Diabetes i
Association,5.7-64%

waras.

Mainous Ill AGet al. BM) Open 2014;4:0005002 d5:10.136/bmjope-2014-06002

Prevalence of prediabetes in England from 2003 to 2011:
Odds Ratios for pre-diabetes

Mainous Ill AGet al

Fourth quintie 162(1.2610207)

Fith quintie 113 (08910 1.43)

BMJ Open 2014:4:6005002 dd:10.1136/bnjopen-2014-05002

2003 2011 2003 201
Variable OR (95% C1) OR (85% CI) Variable OR (35% C) OR (95% CI)
Gender B
Fomalo 100 100 Loss than 25
Male 096(083101.12) 1.7 (0.91 o 1.25) E=00
Age, years 30 ceomer
h blood prassure diagnosis
16-39 1.00 1.00 iy =
" 1 1
00 662(539108.73) 4871 (4.05105.89) Hosmaliow 2 20
Hin 159(1.3510187) 1.60(1.3310192)
Emnicty
Soca deprvaton
L) LI 1 First quintile (ieast deprived) 1.00 100
o VIR (AR Second quintile 123(097101.56) 0.82(0.72101.47)
Black 228(1.2010388) 145 (0.92102.27) Thied quintie 1.17(0.9210149) 1.11 (085 10 1.42)
Mixediother 097 (0.37102.10) 080 (057 10 1.11)

1.45(1.21101.88)
100 (0.79 10 1.28)

Standardized* prevalence of IFG, IGT, total pre-diabetes, and
total diabetes and pre-diabetes, NHANES 2005-2006
80
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Cowie et al. Diabetes Care. 2009;32:287-294




Relative proportions of IGT and IFG in
pre-diabetic patients: 2000 and 2010

2000

Com bined

IFG only flivied IGT only

23.5% o, 51.3%
2.8 million 25'2./“. 6.1 million
3.0 million

fata based on
American obese
pre-diabetic paiats
aged 45-74 years'

2010 USA prediabetes estimates:35% >2oy}_ 79 million2
65y

50% >
‘Benjarin ot al. Diabetes Gare. 2003;26:646-9
2CDC 2011 National Diabetes Fact Sheet. hitoliww.cdc goyiiabebs/puws fedimates 1 1htmi7
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Case History

Impact of increased A1C on CV event and mortality in non-
diabetic men (EPIC Norfolk)

40 Average follow-up 6 yr of 4662 men and 5570 women age 45 to 79
@35 i
g [0 cvD Disease Events
> 30 3 Total Mortality
c
Q
2 Incl. ADA prediabetes range
a A1C: %
o |_|
=
2
©
14

<5% 55.4% 556.9% 66.4% 6.56.9% 27%
A1C

Khaw et al. Ann Intern Mbd. 2004:141:413-20

Pre-diabetes conversion rates

[ Normal glucose tolerance

20 [ Prediabetes
Lo
g e
S, o
s 12
2t 10
X &
(S
EX-
o T T T 1
4043 5059 >60

Age Goup (Years)

Forouhi et al. Diabet bbd. 2007;24:D0-7.

Association between A1C, coronary heart disease and mortality

Restricted-cubic-spline model with 4 knots  —— 3-Knot linear spline model (knots at 5.0%, 5.5%, and 6.0%)

Adjusted Hazard Ratio for
Coronary Heart Disease

Adjusted Hazard Ratio for
Death from Any Cause

— —
0745 s ss 60 & 10 045 so 55 6o e 70

Glycated Hemoglobin (%) Glycated Hemoglobin (%)

Hazard ratios adjusted for: @e, sex, rae, LDL- HDL-cholesterol, bg-trandormed triglyceride BM, waist-to-hip rato, hyertenson, faily
history of diabetes, alucaton, abohd use physcd-actiity smokingstatus
*ADA prediabetes range, A1C: 5.7 6.4%

Selvin etal. N Engl J Mbd. 2010;362800-11

Hazard ratios* for CVD mortality for FPG[]j ) and 2hPGj ) intervals
using previously diagnosed DM] ) as reference category.

08

0.6

Hazard ratio

04

02

0.0 i & 2
<30 3165 6677 78-10010.1-110 2111 KnownDM 270 6169 4660 <45

o om FPG 2PG 30
Ryden et al. European Heart Journal(2013) 34 3035-3087




-

Impaired Glucose Tolerance Increases Mortality Risk. The DECCDE
Study Outline
02 == Diagn osed diabetes (n = 5)
° = Undiagnosed diabetes (n—3 071) C .
5 — Impaired glucosetolerance (n =2,766)* + Case histay
; — Normal glucose tolerance (n = 18,252 )¢ » For and against screening for diabetes and diagnosing prediabetes
B o1 q THowrodw « Definitions and prevaence
§ « Risks ofimpaired ducose metabdism
« Guidelines for screening
o N N B B 10 « Lifestyleinterventions for prevention
Follow-up  (vears) » Pharmacolagical Interventions for prevention
32??"5 o;‘n;:::; idsriology Critera in Europe; n= 25364 men and women 2 30yearsof Age. . Case HIStCI’y
DECODE Study Group. Lancet. 1999; 354:6 17621 °

Screening for Type 2 Diabetes & Prediabetes in Asymptomatic Categories of Increased Risk for Type 2 Diabetes (Prediabetes)
Individuals
) . Diabetes Risk Factors
o Type 2 diabetes testing T Pryscal mectvity FPG 2.hr PG* A1C
— Adults of any age who are overweight or > Firstdegree relative with
obese” and who have 21 diabetes risk factor diabetest 100-125 mg/dL 140-199 mg/dL 5.76.4%
— Begin testing at age 45 > Highiisk roelethniclty 5.6-6.9 mmolL 7.8-11.0 mmad/L 39-46 mmol/mol
— Normal test? Repeat at 23-year intervals Stk Impaired fasting Impaired glucose
o Prediabetes testing > ?gﬁfﬁg ngu glucose (IFG) tolerance (IGT)
—AIC, FPG, or 2-hPG after 75-g OGTT L AT ST 16T, o I
— Identify & treat other CVD risk factors > Hypertension Risk is con‘tinuous, e_xtending below Iowg limit of range and becoming
— Consider testing in children and adolescents | (B40S0 o on treaiment) disproportionately greater athigher ends of range
who are overweight or obese and have > CvDfhisty
22 dighetes risk JEkrS.e. s > Condions assodated, A T i g 0GTTord quwstobra tet
L0=A i . Natve Amaicn Asan Arercan | Pa:fl:\da\er —_— PG=plasma glcasel
ADA 2016 Séﬁéeelmsw “'"Fss"g'm PR sicoaransndo P ADA 2016 _Guidelines J Arerican Diabdes As oddia. Diketes Care. 201 63gs pp 1:51-8106

Definition of pre-diabetes
Fasting glucose and 2-h blood glucose (OGGT)

* Pre-diabetes definition (ADA)'
— Impaired fasting glucese(IFG) 5.6—-6.9 mmollL
or
— Impaired glucose tolerance (IGT)
2h glucose atOGGT 7.8-11.0 mmollL
« Fasting glucose abruptly increases ~3yr and post OGTT ~5yr before the
diagnosis of diabetes?
« Annual probability of developing diabetes
— Both IGT and IFG: 10.8%*
— IGTor IFR (notboth) 54%

Evidence-based classification used by ESC/EASD

‘Genuth et al. Diabeles Care. 2003:26:360-3167
“Tabak et al. Lancet. 2009;3732215-21

*Herman et al. Ann Intern Mbd. 2005:142:323-332
“De Vegt et al. JAMA. 2001;285:2109-2113

Ryden et al. European Heart Journal(2013) 34 30353087




Outline

« Defining obesity, dabetes and pre-diabetes

« Obesity, fatdistribuionandinsuin resistance

» Prevalence of obesity, diabetes and pre-diabetes
» Health risks to the person with pre-diabetes

« Benefits of weight loss

&

5 yr incidence of type 2 diabetes by quartiles of
PAI-1 in subjects with norma (NGT) and
impaired (IGT) glucose tolerance at baseline

s
%
2 PAL1 Quartile
-
20 o
% oz
1 o
- ,—l_l—]_| N
s
o T T
NGT 1GT

Festa et al. Diabotes. 200251:1131-1137

Association Between Impaired Fasting Glucose (100 to 125 mg/dl)
and Cardiovascular Outcomes

Sty Rotatv ®
© sk (@6%C)  Waight
Tai 2004 —_— 1.25 085, 1.89) 431
McNeill 2006: Men — 1.28(1.05,1.57) 1565
McNil 2006: Women _ 1.08(089, 1.31) 1695
1.37 (087,2.16) 308
Pankow 2007 —_— 087 067,1.12) 950
L2007 —-— 120 (1.10, 1.51) 2624

128 (0.88, 1.86) 452
Wang 2007: Women 120090, 1.84) 495
Wwang 2007 1.08 (0.73,1.60) 4.11
110080, 1.40) 800
1.40(090,2.10) 353
1.18(1.09,1.28) 100.00

Wang 2007: Men

Lovtzky 2008: Men
Lovtzky 2006: Woman 1
Overall (-squared = 0.4%, p = 0.437) <>

s

Ford et al. JACC. 2010;65:1310-17

Pre-diabetes and cancer mortality- men
Hazard raios are adjusted h relden
to normal glucose tolerance(HR=1)
Prote
Bronchus of lung L
AlCancers k-
o 1 2 4 6 8
Witivariats-adjustod sanermortality fozard ralo
Zhou et Dios3iser7e

Pre-diabetes and cancer mortality- women

!

Kidney o bisdder
Hazard ratios are adjusted n reldo
to nomal glucose tolerance(HR=1)

Braast

=
Bonchusoriiag  ——s
Pancreas ._.}_4
e Prediabetes
}..
2 4 6

P— |

Allcancers

8

Miltivariate-adjusted caner-morality fazard rato

Zhou et al. Diabetologia. D10:531867-76

Pre-diabetes and cancer mortality- men

Kidneyor bladder
Hazard ratios are adjusted h reldm
to normal glucose tolerance(HR=1)

Prostate
Bronchusorlung &

Pancras Aldiabstes

Liver
sUndiagnosed diabetes

Stomach or colenrectum
Prediaetes.

Multivariate-adjusted cancer-mortality fazard rato
Zhou et al. Diabetologia. D10;531867-76




Pre-diabetes and cancer mortality- women

Kidney or bladder

Hazard ratios are adjusted h relda
to normal glucose tolerance(HR=1)
Brasst

Bronchus or lung *

Pancrsas Al diabstes

wKnown diabetes
Liver

mUndiagnosed diabstes
Stomach or colon-rectum
Prediatetes.

Miltivariate-adjusted cancer-morality fazard rato
Zhou et al. Diabetologia. D10;531867-76
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Case History

Effect of interventions on weight change in pre-diabetes

Sty and langih of folow-up (years)

Folow.up 1 year . 1 Oysonetal 1997,7 1
- Mensink et al. 2003, 1

2002,°1
. Pooled effect, 1 (4 studies)
— | Uino et ot 2002 2
Follow-up 2 years - Tuomiehto et al 2001,""2
0PP2002,°2

Pooled effect, 2 (2 stuches)

Followup 2 years - PP 2002, 28 (average folow-up)

Jarett ot ol 19677 10
B s " 2 o 2 . 6
Wexght change n the imerverion versus contol roup (x3)
Norris etal. Am JPrevMed. 2005;28:126-139

Lifestyle intervention studies to lose weight
and prevent type 2 diabetes

« Diabetes Prevention Program’
— US,3234 overweghtmenandwomen with IGT and IFG
— dietplus exerdselifestyle interventionto loseweightvs. placebo ad
metformin vs.placebo(4-yearfollow-up)
« Diabetes Prevention Study (DPS)?
— Finland, 522 ovemweightmen and womenwith IGT

— dietplus exerdselifestyle interventionto loseweightvs. placebo
(6-year follow-up)

« DaQing IGT and Diabetes Study (Da Qing)°
— China, 530 men and women with IGT
— diet exercise,anddietplusexerdse lifestyle intervertionsto lose
weightvs.placebo (20-year follow-up)

"Knowler et al. N Engl J Mpd. 2002;346:393-4; Tuonilehtoet al.N Engl J M.
244024350 a0 o1 o) 2 ™

The Diabetes Prevention Study'?

+ 5centres across Finland in men and women

— Aged 4065 years

— BMI 225 kgim?

— IGT: Defined as a2h plasma glucose 7.8-11.0 mmoll following OGTT (75 g)
523 subjects were randomly assigned to either:

— Lifestyle modification (n= 265)

— Control (n=257)

Interventions:

~ Control: initial general information on lifestyle changes and annual follow-up

— Interventio: 7 sessions with anutitionist during year 1 and avisit every 3 months
thereafter aimed at reducing weight (target <25 kgim?), and dietary modification
(<30% energy intake from fat). Individual guidance to increase physical activity.

Mean subject disposition:

~ age, 55 years; BMI, 31.0 kg/m?; gender, 67% female

Average follow-up: 3.2 years

‘Eriksson et al. Diabetologa. 199942:793801; Tuomilefto et al NEngl J Med. 201:3441343-8

Diabetes Prevention Study showed that weight loss reduced
risk of type 2 diabetes by 58%

=522 men and women with
prediabetes; mean BM=31

type 2 diabetes

Cunulative probability of remainingfree of

== Control group == lntervention gowp.

0.4

1 T Z 3 4 5 3
Study year
Tuonilehto et al. N Engl J Mpd 2001;344:B43-D




The Diabetes Prevention Program?

« 27 centres accssthe USin menand women
- aged 225 years
~ BMI224 (222 in Asians) kg/m?
~ ADA 1997 ciiteria for prediabetes?
+ 3234 subjecs were randomlyassigred to either:
~ Intensive lifestyle modification (n= 1078)
~ Standard lifestyle recommendations plus metformin (850 mg BID) (n=1073)
~ Standard lifestyle recommendations plus placebo (BID) (n=1082)
+ Lifestyle interventions:
~ Intensive: target 7% weight loss; 2150 min weekly exercise; 16 lessons; individual and
group sessions
~ Standard: written information; annual 30 min counselling
+ Mean subjectdisposition:
~ age, 51 years; BMI, 34.0 kg/m?; gender, 68% female; race, 45% non-Caucasian
« Average follow-up (iriial): 2.8 years

*Knowler et al. N Eng/ J Mbd 2002;346:393-4(5.

Diabetes Prevention Program:
Effect of Interventions on Weight
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Knowler et al. N Engl J Med. 2002;346:393-48

Diabetes Prevention Program:
Cumulative incidence of diabetes
: Placebo : Metformin : Lifestyle
40

% 30

5

o .
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I 250001
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Knowler ot al. N Engl J Ned. 2002;346:393-43

Contribution of weight loss following lifestyle intervention to the risk
of developing diabetes in DPP

Forevery 1 kg of weight loss, theriskof dewlopig diabeteswas reduced by16%
0=

For every 1 kg of weight loss, the risk of developing diabetes
was reduced by 16%

Incil

T T T T 1
-15 -10 -5 o 5
Change in weight (kg)

© overall riskd tre mea wight bssover a avaage d 32y @rsoffolowp

Hamman et al. Diabetes Care. 2006;29:2102-7

Baseline factors predicting restoration of normal glucose regulafon

(NGR) in pre-diabetic subjects inthe DPP
Predictors of regression to NGR HR (95% CI) P
ILS vs. placebo 2.05 (1.66-2.53) 0.0001
Metformin vs. placebo 1.25 (0.99-1.58) 0.0601
Younger age 1.07 (1.02-1.11) 0.0031
Male vs. female sex 1.17 (0.98-1.40) 0.0784
Caucasian vs. non-Caucasian 1.00 (0.84-1.19) 0.9986
Lower fasting plasma glucose 1.52 (1.36-1.68) 0.0001
Lower 2-h plasma glucose 1.24 (1.13-1.35) 0.0001
Greater insulin sensitivity (/fasting insulin) 1.07 (0.99-1.16) 0.0934
Greater insulin secretion (CIR) 1.09 (1.01-1.17) 0.0353
Higher baseline weight 101 (0.92-1.11) 08229
Greater weight loss 1.34 (1.21-1.49) 0.0001

Pereault ot al. Diabstes Coro.200932:1583.1588

The Diabetes Prevention Program Outcomes Study (DPPOS)

* Long-term follow-up of the Diabetes Prevention Program (DPP)
» To investigate whether the delay in development of diabetes
seen during the DPP canbe sustained
» To assess long-term effects of the interventions on hedth
« diabetes incidence
* weight change
« cardiovascuar
« disease risk

DPP Research Goup. Lancet ePub October 29 2009D0K:10.1016/S0140- §36(09)6 %574 54




The Diabetes Prevention Program Outcomes Study (DPPOS)

v

v
69 iive but not seen
forx18 m

DPP Research Group. Lancet ePub October 26 2009DO0I:10.1016/S0140- 6736(09)6 574

The Diabetes Prevention Program Outcomes Study
(DPPOS)

Participants informed of the main results from DPP

Metformin and placebo groups entered into a 1-2 week drug washout
study to identify whether treatment of fasting glucose accounted for
the diabetes risk reduction with metformin

Unmasked to their treatment assignments, and placebo stopped

Al participants, including the original lifestyle group and those who
had developed diabetes, offered a group-administered version ofthe
16-session lifestyle curriculumas a bridge protocol

DPPOS follow-up protocol was started in September, 2002

Lifestyle sessions (HELP) were offered to all participants every 3
months

Primary outcome, as in the DPR, was developmentof diabetes

DPP Research Group. Lancet ePub October 29 2009D0L:10.1016/S0140- §36(09)6 H57-4

Weight changes and diabetes incidence from Diabetes Prevention
Program randomisation and enrolment in the DPPOS

® Lifeste 8- Metformin -1 Pacsbo

Lot ites iy

Inpatient care 5817
Emergency room visits 1,690
et Ungent care visits 1945 !
5 £ tion medications 6619 6959
; supplies and biboratory
! ! ! betes 1248 1628
57 24563 25615 8
DPP_Research Gioup, Lancet ePub October 29 200900110,1016/S0140 6736(09)6 U574 D2P_Research Goup Lancel ePub Oclober29 200000110 1016/S0140: ”

Undiscounted, per capita, direct medical costs of care outside the
DPP/DPPOS

Costs by year Placebo

1-DPP
2.0PP
3.DPP
4 (Bridge)
5-DPPOS

Costs by category
Outpatient visits

Articles I

The long-term effect of lifestyle interventions to prevent
diabetes in the China Da Qing Diabetes Prevention Study:
a20-year follow-up study

hang, inping Wang,
ing, Theodore | Thompson, Robert B Ge

Li, Hongliang Li, Yayun fiang, Yali An, Ying Shuai

v Ho, Peter H Bennett

Summary
Background Intensive lifestyle interventions can reduce the incidence of type 2 diabetes in people with impaired Lowet 2008, 73 78385
glucose tolerance,

The Da Quing Study — description and interventions'2

33 centres acrassDa Quing Ching men andwomen
— Aged 225 years
~ IGT: Defined as a 2+h plasma glucose 7.8-<11.1 mmol/ following OGTT (75 g)
577 subjects were randamly assigned to either:
— age, 55 years; BMI, 31.0 kg/m2; gender, 46% female
—~ Control (n=138)
- Interventions; diet, exercise or both (n=438)
Interventions:
~ Control: general info on diabetes and IGT; general brochures on diet & exercise but no individual sessions.
~ Interventions: Counselling sessions were conducted weekly for 1 month, monthly for 3 months, every 3
months thereafter

Diet only: for BM >25 reduce calorieintale to aciew weightlosses 0f0.5-1.0kg per month wtil BM=23. Dietay
recomendations were individuallytaibred

Exercise only: 1 exerdseunit rarged gentle (30mins) to vay strenuous (5 mins). Age <50increae 2 witsfay
>50 1 unitiday.

Diot & exercise: Instructins ard courseling smilar to those descrbed abore

Intervention and follow-up: 6 yearsand20 years

‘Pan et al. Diabetes Care. 1997;20:5F-44; %iet al Lancd. 2008371:1783-9
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The Da Quing Study — patient disposition

n1986

34 ost o fllow-up (31 i Inenventicn, 3 ncontrol

Li etal. Lancet 2008;371: 183-89 o1

Da Qing study participants by group at baseline (1986), end of

the 6-year active intervention (1992), and end of follow-up

2006)

Control Combined intervention
1986
Total (n=138) (n=438)
Age (years) 466 (08) 447 (0-4)
Sex (men/women) 79/59 233/205
Body-mass index (ka/m’) 35203 257 (02)
Fasting glucose (mmol/L) 552(007) 560 (0.04)
i ueatatont trnsi oo 2000
1992
Total (n=133) (n=397)
Body-mass index (ka/m’) 258(033) 252(018)
2006
Body-mass index (ka/m’) (n=82)24-4(0-29)  (n=266) 245 (0-9)
Change in body-mass index from 1986 to 2006 (ka/m?) 2)-157 (029)  (n=266)-1.41(018)
Change in weight from 1986 to 2006 (ka) 7200 Th=200) 37 (05) II
ekpaocool locooc

Li et al. Lancet 2008:371: 183-89

62

Da Qing study, intervention and incidence of type 2 diabetes

=530 overweight Chinese men and women with
IGT; mean BM=26

Cumulative incidence of all-cause and cardiovascular mortality
during follow-up in Da Qing Diabetes Prevention Outcome Study

I Intervention & Followup 3
N " 1] >
£ H {
g 60 E 5 1
8 i 1
2w q : — 1 -~
z 20 1 6-yearintervention hazad ratio= 0.49 (95% Cl, 0.33-073) @« « % W8 Y » 2 5
H I 20yearfollowup hazard ratio= 0.57 (954 CI, 0.41-081) oo G a6 o owm w
3 .
o v M v T T T T T 1
0 2 4 6 8 10 12 14 16 18 20
Years of follow-up
Lietal. Lancet. 2008371:178-9 ==Control = Lifestyleitterertion Li etal. Lancet. 2008371:178-9 o4
m =

Findings of four lifestyle intervention studies
that aimed at preventing type 2 diabetes in
subjects with impaired glucose tolerance

Study Cohort  Me:n Duration RRR ARR NNT
size BMI (years) (%) (%)
(kg/m?)
Malmd 217 26.6 5 63 18 28
DPS 523 31.0 3 58 12 22
DPP 2161° 34.0 3 58 15 21
Da Qing 500 25.8 6 46 27 25

RRR = relative risk reduction; ARR = absolute risk reduction/1000
person-years; NNT = numbers needed to treat to prevent one case of dia-
betes over 12 months.

“Combined numbers for placebo and diet and exercise groups.

From_Ryden et al. European Heart Jounal. 2107:28:®-136

Baseline factors predicting restoration of normal
glucose regulation (NGR) in pre-diabetic
subjects in the Diabetes Prevention Program

HR (95% CI) P

Regression to NGR

ILS versus placebo

Metformin v

placebo

female sex

n versus non-Caucasian

er 2-h plasma glucose

Greater insulin sensitivity (Vfas

Higher baseline weight
Greater weight loss

Perreault et al. Diabetes Care. 200932:1583-1588

2.05 (1.66-2.53)
1.25 (0.99-1.58)
1.07 (1.02-1.11)
1.17 (0.98-1.40)
1.00 (0.84-1.19)
1.52 (1.36-1.68)
1.24 (1.13-1.35)
1.07 (0.99-1.16)
1.09 (1.01-1.17)
1.01 (0.92-1.11)
1.34 (1.21-1.49)

<0.0001
0.0601
0.0031
0.0784
0.9986
<0.0001
<0.0001
0.0934
0.0353
0.8229
<0.0001
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Case History

-
XENDOS trial (orlistat + very low calorie diet):
Weight loss and diabetes incidence
s
2
g 1o
72163
§ s K
° 7143;12
g oo €oeros
H
os
3 A © Placeno
s esuia o otistat
2 Weight change difference T0-36 months: P = 0.0125
:§ 85 Diabetes incidence: 10.9% (placebo) v 5.2% (orlistat)
] e
EXEEEEEEEEEEEE )
Richelsen ot al. Dabefos Caro. 2007:0:27-32

Trial design: SCALE Obesity and Prediabetes
Liraglutide 3.0 mg in weight management (160 weeks)

Liraglutide 3.0 mg (n=959)

Placebo (n=487)

3,731 participants
*218 years
*Stable BW
*BMI 230 kg/m? or
227 kg/n? + comorbidities

Without

Liraglutide 3.0 mg (n=1,528)

ith prediabetes’ wef

Ypiacevo =757)

Lifestyleirtenertian >
500 kcalday det + fphydcaladiit
Randomisation \.

2:1) I " Treatment duration
156 wks
Dose escdaton 160 wks
0_4 vks EOT

BW, bodywdcht EOT evdd tedmnt RU, fdbwup HROL tedh-rdaaqualty diié:wis wee!
le Roux OV dal Oesy Week2-6 Novermter201 L Aigdes, CA USA(T-RLB3SI3.
1. ADA. Diales Cae2 D33Swg.1)S1+61

Proportion of subjects di ed with T2DM over time
0-172 weeks

= Liraglufide 30 Mg === Placebo
ssess Offdrug follow-tp  =s=s+ Offdrug follow-p

i canianisaial

g,\m 2
2
I 8
T=
£ °
Bg ¢
N 7}
5
o 0 ’ .
0 8 16 24 32 40 48 56 64 72 80 88 96104212120 128 135144152160
Week
Liraglutide 3.0 mgn=1,472 1,313 1,204 1,135 1,060 977 10 863 830 799 776
Placobo w38 G Ses s> s 4z o s s a0 ree
Full ands T o
Rk

Regression to normoglycaemia
Measured at OGTT visits: 0—172 weeks

— Liraglutide 3.0 mg —— Placebo

100
1

o N
S oe%y
5 © 1 Liraglutide 3.0 mgincreased the
$ b sov likelihood of norm oglycaemia
§_ 40 36%) + OR=36[95% Cl, 3.0t0 4.4]
4 36% P<0.0001
& 1

20 1

0 1

4 ) 5% 80 14 128 160 172
Week
Full andyes ot Sattiat a T o4 quomtdearerdiOR atfs dia
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Case History

« JGis a 54 yr. dd Caucasian commercial airline pilat | %

* He has passed his airline certification 6 months’ ago > |

« He falls and sustains a Colles’ fracture of his |eft wrist

« On admissionto the fracture clinic, he has a capillary.’,
blood glucose measured ®

« The result is 57 mmol/l (104 mg) and he is told that
he should see his doctor as he has pre-diabetes

< His father and brother bath developed type 2
diabetes in their 70’s

* He has a BMl of 30 kgm?

Case History

* Do you agree tathe has pre-diabetes?

Case History

* Do you agree tathe has pre-diabetes?

* Yes

IFG-FG 6.1 (110) 5.0 (90) 56 (101)
IGT-2hG 7.8 (140) 6.5 (117) 7.2(130)
Diabetes-FG 7.0 (126) 5.8(104) 6.5(117)
Diabetes-2hG | IL.1 (200) 94 (169) 10.3 (185)

» But this was taken under conditions of stress, so probably not valid s

Case History

« If he does will this stop him flying?

CACI - Pro-Diabetes Worksheot s oszszoe)
Glicose Exvatontntokrance. Polycrate Ovary Syvdiome)

The Examiner must review a cuTont status roport by the treating physician and any
‘e for 1f the applicant
s ALL
pplcant - or second- h i
AME MUST REVIEW ACCEPTABLE CERTIFICATION CRITERIA

Guide for Aviation

Medical Examiners Trooko syl o o T1¥es
regimen and no changes
Symptoms ssastated wih TThene
Gabetes L}

TTRene
or fucose less than cr 6quat 10
70 o) witin the pest 12
ot

TTUews than 128 @l

Cument ATC| T
Less then or squal 10 6.5 mgfeL.

petermec

hitps /fww.faa gov/aboutioffice orgihealquarters offies /a/s/diice/aamame/guide/pp proesséxam techitemts/am/diabetes/

Case History

« Are there further tests that you woud wantto do?

* Yes:
—-OGTT
— HbA1c
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What to discuss with patients with pre-diabetes

Case History

A diagnosis of pre-diabetes does not mean that you will develop
diabetes. In fact, of 100 people like you, fewer than 50 are likely to
develop diabetes in the next 10 years

There are ways of reducing your risk of developing diabetes that involve
changing your diet and being active. These can result from efforts you
make as well as changes in your environment (food supply, workplace
conditions, education, and other social determinants of health)

There are drugs to delay diabetes, but these are the same drugs you will
need if you do develop diabetes, and the value of starting them before
you have developed diabetes is unknown

« If these confirm a diagnosis of pre-diabetes would
you treat himwith
— Advice on diet and exercise
— Metformin
— Other hypoglycaemic medication
— Weight loss medication

* Lets discuss!!

Yudkin and Mbntori. BMJ. 2014; 349: g45

Y TT T I :
: . Recommendations for Preventing orDelaying Type 2

AACE prediabetes algorithm 2015 Diabetos 9 ying Typ
IFG (100-125mgidL) IGT (140-199 mg/dL) metabolic syndrome (NCEP 2005) _ i _

R —— Individuals with prediabetes: bRe;erﬁ_o Imens'vel_dlet & phySlc'aalacﬁhvﬂy
e: ehavior counseling programtargetin,
(including medically 3sisted welght loss) IGT, IFG, or M1C5.7%64% -Weight loss (7%ofgbodygweigh()g 9
Other VD Weight loss i i *Increased physicalactivity
Risk factors Theraples FPG > 100 | 2-hour PG > 140 (2150 miniveek moderate activity)

Consider metformin therapy fortype2  Especially in presence of
diabetes prevention in individuals with ~ *BMI >35kg/m’
diabete *Age <60 years
prediabetes *Women with prior GDM
At least annual monitoring ofindividuals with prediabetes
Screen for and treatmodifiable CVD risk factors:obesity, hypertension, dyslipidemia

Progressi
Dyslipidaemia | Hypertension oprEsen

route route

Proceed to
hyperglycaemia s i DSME & DSMS appropriate for prediabetes to receive education and supportfor diabetes
algorithm prevention or delay
AACE, American leg d CVD, ardovasula dsese:DM dabdesnelius FPGfagig
Plastia gluc:GLP-1RA ToPor B@ILIFG Gewe IGT P Retoroichobace! Metforin is not FDA approved in theUnited States for type 2 dabetes pretention
EducationProgam G, phsra gL@s:TZD, hamlthedme ovp: gisease paired fasing gcow:; IGT=inpaired glcos tolaance

Garber AJ et al. Endocr Pract 2015:21:88-47 ADA 2016 _Guidelines | Daln 0839500 15190




