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Fig. 1 Eleven blind Buddhist monks examine an elephant but fail to
agree upon a definition. An illustration of the old fable by the
Japanese artist Hokusai Katsushika (1760—1849)
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Metabolic Syndrome — WHO 1999

Metabolic

At least 1 of + at least 2 of
Syndrome

- Type 2 diabetes - Hypertension
¢ IGT * Obesity

* Insulin resistance  Raised TG or low HDL

* Microalbuminuria

—— - — o —

* Hyperuricemia

- Not required for definition
* Hypercoagulability [l -
But may be part of the syndrome

* Hyperleptinemia
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» Other components: hyperuricemia, coagulation disorders, raised PAI-1
Not necessary for the recognition of the conditions.

Diab med 15:539-553, 1998
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Clinical identification (=3 risk determinants)

Risk Factor Definition Level

Waist circumference
Men (cm) > 102 (90)
Women (cm) > 88 (80)
Triglyceride (mg/dL) =150
HDL-C
Men (mg/dL) < 40
Women (mg/dL) < 50
Blood pressure (mmHg) > 130 /285
Fasting glucose (mg/dL) =110

JAMA 285:2486, 2001
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EGIR Criteria

(European Group for the Study of Insulin Resistance)
# Non-diabetic subjects [H4!
@ Hyperinsulinemia + LI X| 474 = 2 0 &

Risk Factor Definition Level

Fasting insulin concentration
Hyperinsulinemia above the upper quartile for the
non-diabetic subjects

Hyperglycemia FPG 2 110 (mg/dL)

Hypertension > 140 and/or 290 (mmHg)
Triglyceride (mg/dL) = 180 and/or
Dyslipidemia HDL-C (mg/dL) < 40 and/or

Treatment for dyslipidemia

Central obesity | WC 294 cm(M), 80 cm(F)
Balkau B et al. Diabetes Metab 28:364, 2002




" I
AACE Criteria

(American Association of Clinical Endocrinologists)

€ Non-diabetic subjects CH &}
@ Insulin resistance + LIHX| 4= 20 O &

Plasma glucose (mg/dL)
" Fasting glucose 110 - 125
= 120 min post-glucose challenge(75g) = 140
Triglyceride *(mg/dL) =150
HDL-C * Men (mg/dL) < 40
Women (mg/dL) < 50

>130/ =85 or
current Medication

Physiological
Obesity (BMI, WC) variables

Not a criteria for Dx.

Blood pressure *(mmHg)
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1= Insulin resistance & at | At least 3 of the | Hyperins
= least 2 of the following following ulinemia
FBS PP2H
Gl I li ist FBS > 110 mg/dL
ucose nsulin resistance mg - L
Abdomin | WHR > 0.9(M)/ 0.85(F) | WC(cm) >102 (M) | > 94 (M)
al obesity or BMI > 30 > 88 (F) | >80 (F)
BP >160/90 >130/85 >140/90 | >130/85
TG >150 > 150 -180 > 150
HDL-C <35 (M) /<39 (F) <40 (M) /<50 (F) -
<40 < 50 (F)
Microalbuminuria
J|E} Hyperuricemia
Hypercoagulablility
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Metabolic Syndrome

Key components

- Glucose intolerance - Central Obesity

- Hypertriglyceridaemia - Hypertension

: TApoIipoprotein B : lFibrinonsis

- JHDL-cholesterol - TSmall dense LDL

Insulin Resistance Endothelial dysfunction
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IDF Consensus

* And what of INSULIN RESISTANCE ?

Not measured - too difficult
But — central obesity plus TG likely to

have IR
What of insulin resistant non-obese ?



IDF Consensus

* Central Obesity

M (cm)
Europids 94
South Asians 90
Chinese 90
Japanese 85

F
30
30
30
90

Sub-Saharan Africans, Middle East — use Europid figures
South/Central Americans — use South Asian figures



IDF Consensus

e Definition

Central Obesity

Plus any two of :

> Raised Triglycerides
» Low HDL-cholesterol

» Raised blood pressure

> Raised fasting plasma glucose

(or pre-existing DM)



IDF Consensus

Cutpoints
» Triglycerides : 2 1.7 mM (150 mg/dl)
* HDL-cholesterol : < 0.9 mM (40 mg/dl) M
<1.1mM (50 mg/dl) F
* Blood Pressure : =130 mm Systolic
or 2 85 mm Diastolic
or treatment
» Fasting plasma glucose : 2 5.6 mM(100mg/dl)




Joint Scientific Statement

Harmonizing the Metabolic Syndrome

A Joint Interim Statement of the International Diabetes Federation Task
Force on Epidemiology and Prevention; National Heart, Lung, and Blood
Institute; American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International Association for the
Study of Obesity

K.G.M.M. Alberti, FRCP; Robert H. Eckel, MD, FAHA; Scott M. Grundy, MD, PhD, FAHA;
Paul Z. Zimmet, MD, PhD, FRACP: James 1. Cleeman, MD; Karen A. Donato, SM;
Jean-Charles Fruchart, PharmD, PhD:; W. Philip T. James, MD:

Catherine M. Loria, PhD, MS, MA, FAHA; Sidney C. Smith, Jr, MD, FAHA

Abstract—A cluster of risk factors for cardiovascular disease and type 2 diabetes mellitus, which occur together more
often than by chance alone, have become known as the metabolic syndrome. The risk factors include raised blood
pressure, dyslipidemia (raised triglycerides and lowered high-density lipoprotein cholesterol), raised fasting
glucose. and central obesity. Various diagnostic criteria have been proposed by different organizations over the
past decade. Most recently, these have come from the International Diabetes Federation and the Americz: ar
Association/National Heart, Lung, and Blood Institute. The main difference concerns the measure forf central
obesity, pith this being an obligatory component in the International Diabetes Federation definition, lower than in
Tc Amcrican Heart Association/National Heart, Lung, and Blood Institute criteria, and ethnic specific. The present
article represents the outcome of a meeting between several major organizations in an attempt to unify criteria. It
was agreed that there should not be an obligatorv component. but that waist measurement would continue to be
a_useful preliminary screening tool. Three abnormal findings out of 5 would qualify a person for the metabolic
syndrome. A single set of cut points would be used for all components except waist circumference, for which
further work is required. In the interim, national or regional cut points for waist circumference can be used.
(Circulation. 2009:120:1640-1645.)

Key Words: AHA Scientific Statements m metabolic syndrome m risk factors m diabetes mellitus
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g Diabetes is a condition where the body is unable to automatically Handbook of
iy regulate blood glucose levels. To learn more about diabetes click here Diabetes
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AusDiab 2005

The Australian Diabetes, Obesity
and Lifestyle Study

Tracking the Accelerating Epidemic:
Its Causes and Outcomes
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Baseline data from AusDiab 2000

The AusDiab survey carried out in
1999-2000 provides benchmark Australian
prevalence data

2000 findings, Australians > 25 years old:

— 7.4% had diabetes (doubled since 1981)
—16.3% had pre-diabetes (IFG/IGT*)

— 59.6% were mildly overweight or obese
— 28.8% had hypertension

— 51.2% had total cholesterol 2 5.5 mmol/L, and 20.5% had
elevated triglycerides (2 2.0 mmol/L)

— 2.5% had proteinuria, 6.4% had haematuria
and 1.1% had elevated serum creatinine

W5Dag
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Aims of the five-year follow-up

* Describe the natural history of:

— Type 2 diabetes
— Pre-diabetes (IFG/IGT?)
— Associated cardiovascular disease, risk factors

and complications
 |ldentify risk factors associated with
worsening glucose tolerance status and
diabetic complications

 Measure the progression of renal disease in
diabetic and non-diabetic populations

W5Dag

g g *IFG— impaired fasting glucose; IGT — impaired glucose tolerance. INTERNATIONAL @
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Definitions for ‘prevalence’
and ‘incidence’

* 1999-2000 data:
Prevalence — the proportion of people within a
population who have a certain disease or
condition at a particular time

2004-05 data:
Incidence — number of new cases of a disease

or condition arising in a population over a
period of time

W5Dag
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Survey methods and
response rates
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Sampling frame for the AusDiab follow-
up 2004-05

Individuals participating in the baseline survey
n = 11,247

Individuals ineligible for invitation n = 459

* Requested no further contact = 128
* Excluded* =331

Total individuals eligible for invitation to AusDiab 200405
n=10,788

V“\\S Dfa 7 * ‘Excluded’ — included participants who had moved into a nursing facility classified for
* - high care, or were ineligible due to chronic or terminal illness
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Response rates to the AusDiab
survey 2004-5

Eligible participants
10,788
Cancelled
g 1,990

On-site attendance Attendance at external Health conditions
6,400 pathology laboratory telephone questionnaire
137 , self report
2,261

Participated in AusDiab survey 200405
8,798

INTERNATIONAL @
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Response rates by state or territory

State | Number On-site Pathology Self-reported Overall
eligible testing laboratory medical responders
attendance* conditions only
n n (%) n (%) n (%) n (%)

1,429 821 (57.5) 52 (3.6) 337 (23.6) 1,210 (84.7)
1,526 990 (64.9) 28 (1.8) 210 (13.8) 1,228 (80.5)
1,458 871 (59.7) 14 (1.0) 323 (22.1) 1,209 (82.9)
1,700 1,102 (64.8) 2 (0.1) 296 (17.4) 1,400 (82.4)
SA 1,700 945 (55.6) 29 (1.7) 467 (27.5) 1,441 (84.8)
NT 1,202 702 (58.4) 5 (0.4) 189 (15.7) 895 (74.5)

QLD | 1,748 954 (54.6) 7 (0.4) 433 (24.8) 1,394 (79.7)
ACT 25 15 (60.0) 0 (0) 6 (24.0) 21 (84.0)

Total 10,788 6,400 (59.3) 137 (1.3) 2,261 (21.0) 8,798 (81.6)

V_\),S Died * External pathology laboratory facilities were either not available or were limited
’ in TAS, SA, NT and QLD
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Please fill out the following questionnaires on Birth Weight,
Medication Use and General Health and Wellbeing [SF36)
and bring them with you to the testing site. Each of the

following 3 pages has questions on both sides of the paper.

Birth Weight

The following questions are about your weight at birth. We are trying te find ocut

if thara is any relationship between birth weight and chronic diseases, such as
diabetes [high blocd sugar), high blood pressure, and kidney diseass.

In order for us to achieve our goal we would like you to record your birth weight,
or an estimate that is as accurate as possible, in the space provided below. You
may naed to ask a family membear, or trace the information through your hospital
or medical records,

1) What was your birth weight?

simermiree B i 0 O e Kgfgrams  OR e DONE KNV
2] How accurate do you think bhis estimate is?

[ ) Very accurate { ) Fairly accurate { ¥ A guess

1

3] Please indicabte how you obtsined this birth weight?

) Farmily roember
| Medical records

) Local Dochor

Y Obher = plemts apacile e e e

4] Do you know il you were born:

[ ) Fudl Terrn {9 months}?

[ ) Twa or more weeks before the due dale?

{ ) Dont know?

L e — P Py

5] Any thére any comments yod wish B

INTERNATIONAL &3
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6. When is the pain the worst?

Sy Shudy

"’*-r.,' :mw*"’v Dwring the night@  Day and night the same © During the day ©
AusDiab: Diabetes Complications Survey Form 7. Does the pain ever wake you at night?
SIGNS AND SYMPTOMS IN FEET & LEGS YesC Noo
1. Have you ever had a foot ulcer (defined as - full thickness skin break below the maiteoli B. Do any of the following help or reduce the pain?
for more than 1 week]}? Walking o Muitiple responses aHowed

Yes o Standing ©
Mo - Sitting down or lying down ©
Don't Know o Oither {including medication) ©

2. If yes, What was the cause? (eg shoes) 9. Where do you get this pain or discomfort?

Mark in the place(s} with an "x" on the diagram

Site

3. How long ago did you hawve the ulcer?

In the last month o
In the last year o
In the last 3 years o
More than 3 years ago @

4. Do you get any pain or discomfort in your legs or fest?

Yes o

Mo o

Don’t Know o (Score only the highest scoring site)
if no, go on to foot examination 015 Z. Fest o

3. How would you describe the pain or discomfort? (Mark all bypes of pain)
1. Knee toankle ©

Buming / numb / tingling <
Aching / cramp-like ! tired O 0. Amywhere else ©

Cther o
N N N N

“Cles, opesity International Diabetes liisuwuie wicivourne zuvo IINJITT U1 L. e




]|

46
0
=

N

genesny o

()

INTERNATIONAL @
A @?2005 Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES
Yetes, pesti® International Diabetes Institute Melbourne 2006 INSTITUTE




\)e\'\EJ}.;ﬂV .

INTERNATIONAL &
Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES )

International Diabetes Institute Melbourne 2006 |NST|TUTE




P SPE o) R
Have you been hosp talfs—a
12 months? (If Yes, please s

etails of
re are any changes, in t
42D Second next of kin/cl
£ 7 Name:
_4 Address:
A Suburb:
; Postcode:
Phone: - M’ i
: , e TrEIL. €
o] i e RNS

Ve stugy ®

RUALS L A
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http://www.bakeridi.edu.au/ausdiab/

3 Baker IDI - AusDiab - Microsoft Internet Explorer
OriEy MmEE) EJM) SHEA BT EsEH)

Qiz-Q KRG Lzesrzawn @ -2 & -[JK B

i |@ http ./ wewewe, bakeridi, edu, au/ausdiab

HOME — COMNTACT L
HEART & DIABETES INSTITUTE
ABOUT US OUR RESEARCH HEALTH SERVICES PUBLICATIONS COMMERCIALISATION CAREERS EDUCATION SUPPORT US
About Us AusDiab
AMREP The Australian Diabetes, Obesity and Lifestyle (AusDiab) study is the largest Q.
* AusDiab Australian longitudinal population-based study examining the natural history of .
> - diabetes, pre-diabetes (in which glucose metabolism is impaired but not to the p
Key Findings level to cause diabetes), heart disease and kidney disease. z
® Ppublished Research & Abstracts ) . . ) %
The baseline study conducted in 1933-2000 provided benchrmark national data %o
® Publications & Resources on the prevalence (or number of people) with diabetes, obesity, hypertension ':'s;,s
P Collaborators & Staff and kidney dizease in Australia. The second phase of AusDiab, completed in es,
R : December 2005, is a five year follow-up of the people who participated in the
P Sister Stuiies baseline survey. The results of the follow-up provide & unigue picture of the
> incidence (or number of new cases) of diabetes, cardiovascular disease and
Sponsors kidney disease over five years, and allows us to improve our understanding of
> Baker IDI Alice Springs the factors that increase the risk of these conditions. 3 =
- T N
* Baker IDI South Australia o T4
* Groundbreaking Advances Field survey \sDj
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Faptburas A Global Sharing of Knowledge — Meet our Visiting Res=archers

Who is the merage AusDiab participant? The kasZisk feem iz ferhmaie 1o Reve visfieg rewarthers fram e aver the warld who came 92 work ea sealyieg dow fram e gojed, saoow oging ©
m hb&%h E"hul:.- sub-study ;uu:l extherge of infereefice and krwadedee, pdding 93 cor idevsimding of dichetes ord moreesing the wteraficedl reputetion of fie Ausliek
#usidab attracts top iImbternational ressarchers dy.

Ure thee past [ maniths, we beve bod feur vistieg neseorchers wookiog with the baxDink tzam:

Ulsgyie S8
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£ o, Mewsletter of the AusDiab Study: 2007

q"""'-'-'er.n_s, u,dfs
» . Wins Research
A‘“ 5 D 1LAP: Excellence awarq

Cenfirming thet kaslhab o o bigh quelity reseanch shedy of greet mperfone te impremg the
heeitd of all kestrefions, the BpcDiab stydy was awarded the 3006 Victcrise Depariment of

Dr Beverely Ealfime

Receptly wwarded the 2007 Kelly Werd werd for Ouishondireg Achizvement i Epidemlegy. Beverey b beee
bared i Fers For the lest 20 peers, working for INGSH e Fresch Mesiosl Beseorch Downal) ax o Dredver of
Reoearth in Tz apedeminlsgy deportment. Inferested now in bisiveg booed port-tiwe in both France ood Melbsame,
Beverey is bopng to form caleaboeetions with French end Asstrelion reseendiers — 0 samerage o flaw of
peaple, end the developmend of new solly, in beeh firechons” Beverley greatly enjoys workmg with the fasSiab
tem, which T s0ys S5 o bvedy reseonch Bese mad a sirong coleginl smazphere.

Humen Services Fablic Heodh Recepsch Lweed Far Exelleace.

Erecented fy fhe Ministes Far Secith, The Hoa Branwyn Filce, WF, the owosd was sooepred by
Prefesses Janathan Shaw (wha co-directs dhe RasDiak stwdy with P rofessar Foul Tommet 40
tagether with members af the Aucliod teem.

“Thiz award acknowledges not only cer dedicated teom of
skilled reseorchers but also the thousands of wvolunfeers
whao have porticipated in the study so far” - Professor Poul
Zimmiet

Crreatly, preparotions Geve begen for the third cage of Awcdeh. This will avalve the
reseanchers re-vaiting ol the shaly's pedtidpasts, wrd recaiting another 20,000 geaple,
thnt we ima egain beochmark the aotor’s beslth ord cmdudt comperizsaes with the frs e
o the rete af dishetes apd relmted conditions., sech o odeaity oad kodeey disese.

Asseiunt Fredessor Surg-Roe Gm

Seenfar Km nemely commenced ¢ 12 manih perwd wering of the friereanoedl Dadetes booute whers ke
hope: %2 lesr oz muh o5 ke on aboof the epaerviclogy of dabetes. Se ic e first Gisbetes physoon from
Earea to visi the |estitete, ond s abmste sim is to retem bo Sooud, sad =sheblsh ¢ dabetes reseorch institute
b s While in dnstolia. Saag-foz will wark with e Rurliod fesm on enolvsing dats with o specfic fams e

Eiabere: cmplorhoar

Baoed of Breea Univeraity, Swedee, Stefon iz v condindeqis, and comes eeovally 2 werk with eor receards teom,
cancenirting spedfimby on fhe development of dnbebes e aendovamle dzease m reloen o obesty od
wilipoire: [bermones praduced iy fut o). | om 5o grofede fur this apperteity fo be part of tvo coarivies
ol miteres’ mps Steim, whe works with Beth Aeslick dets ond dete from @ series of Sl sureeys

canducied in Mourtivs since 1567
Stefon brirgs o wenlth of experenie to fhe feaw, ond biv resescch is making ecelent wegres:, with Seim
ing bies wark of B el corferencer

Profenar Ed Beyhs

Tine of Hhe warld's leedng epdemislagests in fie dadetes field - B Boylo fram the Duiversfy of Wackngt is
sperding 12 marths ot the Irremationl Digbetes Insfitete b cojunchon wih the Au:igh ream, Edis privsgly
acking ot the predidar of ditkete: md hypperiensen, B wen the Uriversty of Wochington Meticne deord far
Ugtstending Bzeiviship i 3004, 30 this it akie o wefchle appertwety far oar yoeng esesndiens o reeive R
merftring. T erjoy ollsheraieg with reseercers wha bave particular issves wné probiems o work ant, ez | very
math enjey problem meiving” £d speat bt lort reSbeticol perisd werking of fie Internationsd Digbetes Instinvte in
the late 19502 end consequentty bes oom fow cor ressasch teom bes evabved aver dhe lnak ekt yeer. ‘Uverd],
the lestiiwte bes ¢ mare developsd mad escaved neseonch tesm now with more investigober: ond @ gredter fann
or Bustrolion. s’
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Annual AusDiab Partnership Meeting

This year the AusDiab partner-
ship scientific meeting will be
held on the 6th and 7th De-
cember and will draw together
AusDiab collaborators from
around the country. It will pro-
vide researchers with the op-
portunity to present recent
analyses stemming from the

AusDiab study, as well as pro-

4&
0
=

N

viding a forum for collabora-
tors to discuss future plans
and Initiatives. Adrian,
Dianna, and Liz will present
findings on the outcomes of
obesity and mortality, base-
line predictors of diabetes,
lifetime risk of diabetes and

life expectancy in those with

diabetes, the role that weight

change plays in the incidence
of diabetes, and the associa-
tion between blood glucose
and the development of hy-

pertension.
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Foliow us: n = CONTACT US

Baker IDI

HEART & DIABETES INSTITUTE

Search Baker DI

HOME ABOUT US OUR RESEARCH CLINICAL SERVICES EDUCATION SERVICES PARTNERSHIPS CAREERS STUDENTS SUPPORT US

Home  Our Research = Research Highlights & AusDiab

RESEARCH HIGHLIGHTS

RESEARCH PROGRAMS KEY FINDINGS

RESEARCH DOMAINS

HABORATORY HEADS & GROUP LEADERS THE TWELVE YEAR FOLLOW-UP SURVEY IN 2011/2012
RESEARCH HIGHLIGHTS REVEALED THE FOLLOWING...

Breakthroughs

:}:‘:;;g‘"‘ﬂ Projects Click here to hear AusDiab Co-Chief Investigator, Professor Jonathan Shaw talk about the study, the latest
Key Findings findings and the implications for individuals, communities and policy makers.
Published Ressarch & Abstracts
Publications & Resources 3 .. AT AF s . . . 4 - ’
VER W r 079 1 (=1 ] b o 0y vielnne h " FEess I 0 4~ 0L ey ral
Colleborators & Stef E..,, y ;ea , 0.7% of adults developed diabetes, 3% developed high blood pressure, 0.4-0.7% developed
Sister Studies signs of kidney damage.
Sponsors

Dementis Resaarch Living in the most socially-disadvantaged areas of Australia doubled the risk of developing diabetes

TECHNOLOGY CAPABILITIES . o _ )
Cwer 12 years, the average gain in waist circumference was 5.3 cm, and was greater in women than in
RESEARCH OFFICE men, and in younger people than in older people.

BAKER IDI RESEARCH ONLINE . )
People with previously known diabetes have a similar risk of mortality to smokers.

Self-report physical activity fime was approximately 50% greater than objectively measured physical
activity time, whilst self-report sitting time was approximately half that measured by objective means.
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pre-diabetes
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Weighted prevalence (%) of associated conditions
stratified by glucose tolerance status

Glucose tolerance status
Associated condition Diabetes IFG IGT Normal

Hypertension* 69.3 43.5 50.1 21.1
Obesity (BMI 2> 30 kg/m?) 44.4 30.1 31.5 15.9
LDL (= 3.5 mmol/L) 45.9 59.6 53.0 44.1
HDL (< 1.0 mmol/L) 23.1 16.8 11.6 10.6
Triglycerides (= 2.0 mmol/L) 42.9 31.4 31.1 16.0

* On treatment, or systolic pressure > 140 mmHg,

Wwolig .
X o @astolic pressure > 90 mmHg
%f; § IGT — impaired glucose tolerance; IFG — impaired fasting glucose. INTERNATIONAL

=

%o,. \,52005 Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES
%%S, Obesi™ v
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Incidence of diabetes according
to baseline body mass index
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Baseline BMI status

*_ Body mass index (BMI: weight/height?) was categorised into three groups: (i) normal: BMI < 25.0 kg/m?;
% ;é (ii) overweight: 25.0—29.9 kg/mz; and (iii) obese: > 30.0 kg/mz. INTERNATIONAL @:

%o/é k§2005 Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES
Yetes, pesti® International Diabetes Institute Melbourne 2006 INSTITUTE
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Incidence of diabetes according to
baseline waist circumference categories
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' v Waist circumference: (i) normal: < 94.0 cm for males, < 80.0 cm for females; (ii) overweight: 94.0—101.9 cm
2 = for males, 80.0—87.9 cm for females; (iii) obese: > 102.0 cm for males, > 88.0 cm for females. INTERNATIONAL
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Incidence of diabetes according
to baseline physical activity

1.4 ® Males

™ Females
m All

~_
P
o]
P
>
P
<P
(="
X
N’
<P
&
=
=2
=
©
&
=
e

o
o
|

Sedentary Insufficient Sufficient

4&
0
=

N

Baseline physical activities categories

INTERNATIONAL @
Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES I)

International Diabetes Institute Melbourne 2006 | NST|TUTE



Incidence of diabetes according
to baseline hypertension status
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WS Disg Baseline hypertension status

Hypertension (high blood pressure) was defined as having a blood pressure > 140/90 mmHg

% 2 and/or taking blood-pressure lowering medication. INTERNATIONAL @
%o,é «5’62005 Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES I)
Yetes, pesti® International Diabetes Institute Melbourne 2006 INSTITUTE




Incidence of diabetes according
to baseline dyslipidaemia status
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Dyslipidaemia was defined as those with triglycerides > 2.0 mmol/L or high-density lipoprotein
3 cholesterol levels < 1.0 mmol/L.
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Incidence of diabetes according
to baseline metabolic syndrome status
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Metabolic syndrome was defined according to the definition by the International Diabetes Federation.
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Mean weight change over five years
according to baseline age
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Proportion of individuals classified by body
mass index in 2004—-05 according to baseline
body mass index status

BMI status at baseline BMI in 2004-05

Normal Overweight Obese
n (%) n (%) n (%)
Normal 2,369 1,831 (77.3) 530 (22.4) 8 (0.34)

Overweight 2,560 194 (7.6) 1,917 (74.9) 449 (17.5)
Obese 1,356 6 (0.4) 120 (8.9) 1,230 (90.7)

Total 6,285 2,031 2,567 1,687

W5Dag

Wy * Body mass index (BMI: weight/height?) was categorised into three groups: (i) normal: BMI < 25.0 kg/m?;
% gii) overweight: 25.0—29.9 kg/m?; and (iii) obese: > 30.0 kg/m?. INTERNATIONAL @

a”qé @52005 Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES
Yetes, pesti® International Diabetes Institute Melbourne 2006 INSTITUTE




Proportion of individuals classified by waist
circumference in 2004—05 according to
baseline waist circumference categories

Waist circumference

: ) Waist circumference categories in 200405
categories at baseline

Normal Overweight Obese
n (%) n (%) n (%)
Normal 2,496 1,752 (70.2) 628 (25.2) 116 (4.7)

n

Overweight 1,637 301 (18.4) 771 (47.1) 565 (34.5)
Obese 2,163 44 (2.0)  238(11.0) 1,881 (87.0)

(
Total 6,296 2,097 1,637 2,562

W5Dag
i e Waist circumference: (i) normal: < 94.0 cm for males, < 80.0 cm for females; (ii) overweight: 94.0—101.9 cm
g é for males, 80.0—87.9 cm for females; (iii) obese: > 102.0 cm for males, > 88.0 cm for females. INTERNATIONAL @
%o/. @52005 Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES
%, W . o .
®les, Opesitt ® International Diabetes Institute Melbourne 2006 INSTITUTE




Metabolic syndrome
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Incidence of the metabolic syndrome
according to gender
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Incidence of the metabolic syndrome
according to baseline age

® Males
® Females
= All

35-44 45 - 54 55 -64 65-74

~~
o
<
(<P}
>
-
(<P}
(=9
NS
\ —
(<P
(P
=
(<P}
=
© |
(P
=
py
sD/
) leé

Baseline age (years)

sn >

INTERNATIONAL @
Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES I)

International Diabetes Institute Melbourne 2006 | NST|TUTE




e,

Incidence of the metabolic syndrome
according to baseline waist circumference
categories
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%ée, %,»'&‘# 2005 Australian Diabetes, Obesity and Lifestyle Study (AusDiab) DIABETES

es, Opesity International Diabetes Institute Melbourne 2006 INSTITUTE

2 L.
2 z  Waist circumference: (i) normal: < 94.0 cm for males, < 80.0 cm for females; (ii) overweight: 94.0—101.9 cm
3 & for males, 80.0—87.9 cm females; (iii) obese: > 102.0 cm for males, > 88.0 cm for females. INTERNATIONAL @I)



Incidence of the metabolic syndrome
according to baseline physical activity
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Incidence of the metabolic
syndrome according to baseline glucose
tolerance status
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I94 Baseline glucose tolerance status

2 ZNGT — normal glucose tolerance; IFG — impaired fasting glucose;
5 #]GT — impaired glucose tolerance; DM — diabetes mellitus INTERNATIONAL @
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Obesity as a predictor of deterioration
in all components of the Metabolic Syndrome

HDL < <0.01
Cholesterol G, <() 001

T Fasting
Plasma
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Systolic Blood /
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Triglycerides




Do components of the Metabolic
Syndrome predict an increase in obesity?

<Gyl Sm— ——
HDL G 1<().01
Cholesterol G ,<() 001

Fasting

Plasma

\ Glucose

Systolic Blood -h Post Load

Plasma
Pressure
Glucose

Triglycerides

Aus Diab data. Unpublished



Today’s Talk

® History of Metabolic Syndrome

® Dyslipidemia and Metabolic Syndrome
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Interrelation Between
Atherosclerosis and Insulin
Resistance

Hypertension

Obesity
Hyperinsulinemia \

Insulin Diabetes
Resistance ! Hypertriglyceridemia 2=

therosclerosis

Small, dense LDL
Low HDL
Hypercoagulability




Role of FFA in Insulin Resistance

Adipocytes Liver
» Increase in adipocyte number » Increased accumulation of
and size increases FFA output triglyceride in liver
» High FFA concentration » Hepatic glucose output 1
decreases glucose uptake and » Overproduction of TG rich VLDL
utilization in muscle and liver — small dense lipoprotein

o



Mechanisms Relating Insulin
Resistance and Dyslipidemia

Fat Cells Liver
NFFA p
AN TG @ (hepatic
N Apo B lipase)
IR X N VLDL
@ Apo A-1
I Kidney

Insulin @ @

.‘ (lipoprotein or hepatic lipase)



Dyslipidemia in Diabetes and
Metabolic syndrome

Triglycerides
VLDL
LDL

small dense LDL

HDL




Relation Between Insulin Resistance
and Hypertriglyceridemia

625
500
400

300

Plasma TG (mg/dL)

200

100 200 300 400500 600
100 1nsulin Response to Oral Glucose*

* Total area under 3-hour response curve (mean of 2 tests).
Olefsky JM et al. Am J Med. 1974;57:551-560.



Association Between
Hyperinsulinemia and Low HDL-C

60
" Hyperinsulinemic

— £<0.005 Bl Normoinsulinemic
7 50
2 P<0.005
O
£ 40
@)
a
T 30

20

Nonobese Obese

: LeRoith D et al., eds. Diabetes Mellitus.
-Raven,1996:509-519.




Increased Small LDL Particle Number
A Prominent Feature of the Metabolic Syndrome in the Framingham Heart Study

TABLE 3. Correlations Among Small LDL Particle Number and Components of the MetSyn

Waist Fasting
Circumference Glucose

SBP DBP

i

5

SBP 0.73 0.29 0.23 —0.06 0.23
DBP e e ca 0.32 0.17 —0.07 0.25
Waist circumference e s e e 0.28 —0.35 0.41
Fasting glucose —0.14 0.18
HDL-C —0.52
Triglycerides

See the footnote to Table 1 and text for explanation of abbreviations.
Data are Pearson partial correlations adjusted for age and sex.

o

Circulation. 113:20-29, 2006



LDL Particles (nmol/L)

Relations of total LDL particle number and LDL
cholesterol value to the level of HDL cholesterol

— | DL Particles
......... LDL Cholesterol

1800

2

1400 -
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1000 - ; . + 100
20 40 60 80 100

HDL Cholesterol (mg/dL)

‘ Circulation. 113:20-29, 2006



Increased Small LDL Particle Number

A Prominent Feature of the Metabolic Syndrome in the Framingham Heart Study

— | DL Particles
......... LDL Cholesterol

1800 -

1600

LDL Particels (nmol/L)

1400 -

1200 -

1000 - r . . 100
0 100 200 300 400
Triglycerides (mg/dL)

Circulation. 113:20-29, 2006




Increased Small LDL Particle Number

A Prominent Feature of the Metabolic Syndrome in the Framingham Heart Study

TABLE 4. Plasma Levels of NMR-Determined Lipoprotein Measures and Biochemical Lipid Measures With
Increasing Number of MetSyn Features*

No. of Components of MetSyn

0 1 2 3 4 5 P for Trend
Women n=>562 n=464 n=298 n=134 n=102 n=29
NMR-derived lipoprotein measures

10 +69  <0.0001

Small LDL particles, nmol/L 428+15 591+16  756+20  918+30 1090+34 118764  <0.0001

Large LDL particles, nmol/L 714+12 71613  697+17  618+25  529+28  419+53  <0.0001
Biochemical lipid

LDL-C, mgh 33%6 = <0.0001
<0.0001
<0.0001
<0.0001

n=286 n=407 n=335 n=233 n=113 n=30

1690 76769  <0.0001
Small LDL particles, nmol/L 574+26 81321 991+24 1232+29 139641 136179 <0.0001
Large LDL particles, nmol/L 684+17 63014  520+16 411+19  336+27 362+52  <0.0001

Biochemical lipid measures

0.01
<0.0001
<0.0001
<0.0001

Circulation. 113:20-29, 2006



Today’s Talk

® History of Metabolic Syndrome
® Dyslipidemia and Metabolic Syndrome

® PROPIT study
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ProPit study

PROPIT: A PROspective comparative clinical study evaluating the efficacy and
safety of PITavastatin in patients with metabolic syndrome

Short title: efficacy and safety of pitavastatin in metabolic syndrome (PROPIT study)

PROPIT Study Team:

Sung Hee Choi'*, Soo Lim**, Eun Shil Hong'*, Ji A Seo’, Cheol Young Park’, Jung Hyun Noh®, Ji Oh
Mok’, Ki Young Leeﬁ, Jong Sook Park’, Dae Jung Kims, Chang Beom Leeg, Sung Rae Kim™ T ,and Hak
Chul Jang* T

A : ProPit study
r# X{'2: Clinical Endocrinology (Oxford) 2015 May;82(5):670-7



PROPIT study team
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Metabolic syndrome(MS) Score

The IDF
consensus
worldwide

definition
of the

METABOLIC
SYNDROME

otefjel =7 sHE 7z = MS score

1) &2|S8 (2 90cmO| A}, 0f 85cmO|Ah
SIDF7}0|E2}QI 7| & T4
2) S5€Y (100mg/dL 0] &)
3) ZAX| (150mg/dL 0| A)
4) HDL 23 AHE (&< 40mg/dL, 0] < 50mg/dL)
5) &t : 27| "Q>130mmHg E= 0|2t
(o)

2F>85mmHg, 1 &€ X|E2H 58

L

et met

4

CHAIS 2o 28X} = MS score >3
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ProPit study Design

522 87 (5 score 29
Primary xISLSETLO M
CHAIZ 2t 2 Xlo| MS score 7Z{MB™
MED B VM X E
Secondar i o : :
o dpoint}s’ LDL-C, LjEHX|H |'/J_L|o|- |=to| H|-€, Apo B/Apo Al, hs-CRP, Adiponectin,

Framingham Risk Score, etc.
2|HI2 E0{z (n=80), Control a(n=84)

Prospective, randomized, multi-center, open-label study

WEST N2 (SM 2)

Screening——» S XtQ]

2|HI2® 2mg/day + M=t 7| M (PTV+HLSM )

24 weeks 48 weeks

Clinical Endocrinology (Oxford) 2015 May;82(5):670-7




CHIBA Study - Subgroup analysis of MS pts.

B|HI2 = CAIS =2 EHXICi A Atorvastatin CHH| 2| X QI
LDL-C 227} LLEFGSL T

non-HDL-C TC LDL-C TG HDL-C

10 6.7
g 0
Q
=
o
-  -10}
(@)]
=
-
=
© _20 L
Q
(@)]
5 252
-S -30 ~ Hokok
L L1

N.S.
(p=0.060)
-40 F I
o ey N.3 '13;1
T 458 M 2|Et=® (n=28)
-50 ~ N.S. xokk I Atorvastatin (n=25)
(p=0.084) L1
. P<0.05 *: p<0.05, ¥*: p<0.01, ***: p<0.001 (vs. Week 0)
> TS SHISH O|AX|AES EXHn=53)

or atorvastatin 10mg/day for 12weeks Yokote K Atherosclerosis 2008, 201(2):345-352



CHIBA Study
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-10
-20
-30
-40
-50
-60
-70
30 40 50 60 70 80 90 100

Body weight (kg)

Changein
non HDL-C (%)

Atorvastatin

(%)
10

3 y=0.31x-58.63
r=0.32, p=0.006

'10 " ' ]

-20
-30 A
-40 .
-50
-60

-70
30 40 50 60

Changein
non HDL-C (%)

70 80 S0 100

I Body weight (kg)

(%)

y=0.04x-40.75
r=0.04, p=0.822

60 70 80 S0 100 110 120 130
Waist circumference (cm)

y=0.29x-64.32
r=0.33, p=0.034

60 70 80 S0 100 110 120 130

Waist circumference (cm)

-40
-50
-60
-70

(%)

y=0.13x-41.81
r=0.05, p=0.736

15 20 30 35 40

25
BMI (kg/m?

(%)
10

0 y=0.88x-61.55

r=0.279,

-10 g P=0s022
-20

-30

15 20 30 39 40

BMI (kg/m?



Change on Glucose metabolism

oHIE =

FPG [mg/dl]
S

U1
o
1

=g

S} X}O|

—

et

o X o

N.S

* (p<0.001)

N.S

=

ul

o
1

3 months
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J Atheroscler Tromb 2008;15(5):269-275
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Baseline patient characteristics

Category 2|HI2® E0{ 2t MErZaL 7 M A p-value

)%E" B 00 50(62.50) 51(60.71)
n§ 30(37:50) 33(39:29) 0.8142
LI;_L:II_ (SD) 51.68(9.17) 50.79(10.18) 0.5581
MZEF (cm) 164.72(8.03) 165.94(9.21) 0.3697
S2A (Kg) 73.43(11.82) 75.81(12.50) 0.2119
K| & ZF X (kg/m?) 26.96(3.14) 27.43(3.18) 0.3362
St (mg/dL) 114.21(12.31) 118.40(15.33) 0.0560
S48t (mg/dL) 157.46(56.73) 178.62(72.09) 0.0379
HDLZ 8| A H| & (mg/dL) 47.72(9.45) 47.01(10.41) 0.6496
ol2| =8 (cm) 92.84(5.63) 94.36(6.74) 0.1208
=7\ (mmHg) 129.76(10.62) 127.83(10.97) 0.2544
ojet7| & et (mmHg) 81.06(7.61) 81.14(7.89) 0.9472
oHEl (bpm) 73.15(8.15) 73.35(8.13) 0.1208

e

Clinical Endocrinology (Oxford) 2015 May;82(5):670-7



Metabolic Syndrome(MS) Score

c[HIE® F0

100% - 100%
90% 90%
80% - 80% -
70% - 58 70% 5X
60% m4A 60% - w4E
50°/0 =1 .3§ 500/0 , .3§
o 1 | X
40% m2 i 0% =0X
300/0 7 2] 1 ; 300/0 | m .I g
Aty 8 E— oA 0% 0=
100/0 | | P 100/0 |
0% - — — 0o
SPAIPA PSPARES HX A HX =
. MS score & & & Xl HIE : 52/80 (65%) MS score JH& & &K} HIS : 41/84 (49%)
48 & MS EXIJI OtLl X2 27& &1 U8 483 & MS XDt OtLl X2 234 &1 H|I8
(MS scores <2) : 35/80 (44%) (MS scores <2) : 26/84 (31%)

‘ Clinical Endocrinology (Oxford) 2015 May;82(5):670-7



Metabolic Syndrome(MS) Score
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‘ Clinical Endocrinology (Oxford) 2015 May;82(5):670-7
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Metabolic Syndrome(MS) Score
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c|HI2© R0t

x| H
Hx| &

2) sj2|=&|
3) S8%X|'8

4) HDL ZE|AH E

B|HtZ © £0]2
35/80(43.8%)
16/80 (20%)
30/80 (37.5%)
19/42 (45.2%)
12/30 (40%)
18/63 (28.6%)

26/84(31.0%)
18/80 (22.5%)
22/80 (27.5%)
10/50 (20%)
12/37 (32.4%)
24/61 (39.3%)

P-value
0.090
0.699
0.177
0.009
0.521
0.205

e
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Triglyceride
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Visceral fat / Subcutaneous fat ratio
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Apo B/A1l ratio
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Framingham Risk Score
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Changes in glucose tolerance by 75g OGTT
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