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@1910AAINYBY control UsznBUMEY
1. First control per case: Attendant or relative of a non—cardiac, or an unrelated (not first
degree relative) attendant of a cardiac patient
2. Second control per case:
2.1 Preferred: Patients attending the hospital or ouipatients clinic for the following
reasons

2.1.1 refraction and cataracts

2.1.2 ear, nose and throat examination
2.1.3 physical check-up
2.1.4 routine pap smear
2.1.5 routine breast exam
2.1.6 elective minor surgery for conditions that are not obviously related to CHD
or its risk factors
2.1.7 elective orthopedic surgery
2.2 acceptable: Patients attending the hospital or outpatients clinic for the following
reasons:
2.2.1 outpatient fractures
2.2.2 - arthritic complaints
2.2.3 plastic surgery
2.2.4 hemorrhoids, hernias, hydroceles
2.2.5 routine colon cancer screening
2.2.6. endoscopy

2.2.7 minor dermatological disorders

CAWINDOWS\Deskiopilnier Hipropisaleeport_for_INCLEN,doc



Exclusion criteria : cases

- cardiogenic shock

- significant chronic medical illness (e.g. liver, untreated hyper or hypothyroidism, renal
disease or malignancy, or pregnant)
Exclusion criteria : controls
- no previous diagnosis of heart disease

no history of exertion chest pain

- significant chronic medical illness

- cardiogenic shock

m‘snﬁuz‘fﬂga (Data collection)
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Central Lab¥l Hamilton Health Sciences Corporation, Ontario, Canada
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A Global Study of Risk Factors
in Acute Myuneardiof Infarction

Center Recruitment ; Thailand

No. CENTER | = CENTER NAM ~ Timeto | Freezer
1 441 |Siriraj Hospital, Mahidol University | 1/2 hr. | -70 C
2 442 Chulalongkorn Hospital 1/2 hr. -70C
3 444 Ramathibodi Hospital 1/2 hr. -70 C
4 445 Khon Kaen University 1 hr. -20C
5 446 Prince Songkla University 1/2 hr. -20.C
6 447 Rajavithi General Hospital 1/2 hr. -40 C
7 448  |Bhumibol Adulyadej Hospital 1 hr. -70C |
8 449 Vajira Hospital 1/2 hr. -20C
9 450 Police General Hospital 1/2 hr. -20C
10 451 Pramongkutklao Hospital 1/2 hr. -40 C
11 452 Central Chest Hospital 1 hr. -20C
12 453 Cheing Mai University 1 Hr. -40 C

Page B




mnﬁi 1Physical Measurement Methods

Test

Description

Blood Pressure

Use a standard (mercury) sphygmomanometer. Systolic pressure is determined by
the first heard sound (Korotkoff phase I). Diastolic pressure is recorded at the level
when the sound just disappears (Korotkoff phase V). Patient must be supine for >
5 minutes, and should not have smoked for at least 30 minutes before this
measurement

Ensure adequate cuff size. Bladder should encircle and cover 2/3 of length of the
right arm with the bladder over the brachial artery. Its lower border should be 1
inch (2-3 cm) above the anticubital space. Deflate the bladder slowly. Take two

readings on the right arm and record exact values (avoid “rounding™).

Height

Standing height is measured with the subject in bare feet, back square against the
wall and eyes looking straight ahead. A set square resting on the scalp and a tape

measurement® from the wall is used to measurc height to the nearest 0.5 cm.

Weight

Weight is measured in undergarments using a platform scale, to the nearest 200

grams. The scales must be standardized to 0 before each use.

Waist

Circumference

Waist circumference is measured to the nearest 0.1 cm using a nonstretchable
standard tape measure attached to a spring balance exerting a force of 750 gms.*
Take measurement over the unclothed abdomen at the smallest diameter between the
costal margin and the iliac crest. The tape measure must be kept horizontal and just
tight enough to allow the little finger to be inserted between the tape and the
subject’s skin. Subject should relax with arms held loosely at sides. Take two

measurements.

Hip Circumference

Hip circumference is measured to the nearest 0.1 cm using a nonstretchable
standard tape measure attached to a spring balance exerting a force of 750 gms.
Take measurement over light clothing at the level of the greater trochanters (usually
the widest diameter around the buttocks). The tape measure must be kept horizontal
and just tight enough to allow the little finger to be inserted just under the tape.

Take two measurements.

Heart Rate

Measure pulse using the radial artery, felt at the wrist, on the right arm. Count the
number of heart beats during 10 seconds and multiply by 6. Patient must be supine
for > 5 minutes, and should not have smoked for at least 30 minutes before this

measurement,

* Supplied to each centre by Project Office.
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A15190 2 MSIlATIzaatRanyaslasens

Laboratory Tests Method Instrumentation
Lipid Profile
Total Cholesterol Enzymatic, colorimetric (CHOD/PAP) with cholesterol esterase, | Hoffman La Roche INTEGRA®

cholesterol oxidase and 4-aminoantipyrine. Cobas® Integra
Cholesterol Reagent.

HDL Cholesterol

Direct method. VLDL and LDL form an unreactive polyanion-
polymer complex. HDL is quantitated by Enzymatic,
colonmetric (CHOD/PAP) with cholesterol esterase, cholesterol
oxidase and 4-aminoantipyrine. Cobas® Integra Cholesterol

Reagent

Hoffman La Roche INTEGRA®

ApoA-1

APA reagent when used in conjunction with the Beckman Array
® system quantitatively determines the value of apolipoprotein
A-1 by rate nephelometry.

Beckman ARRAY®

ApoB

APB reagent when used in conjunction with the Beckman Array

® system quantitatively determines the value of apolipoprotein
B by rate nephelometry.

Beckman ARRAY®

Lp(a)

INCSTAR #86084 SPQ Reagent Test System for the
determination of Lipoprotein(a) by an automated

immunoprecipitin analysis and turbidimetric measurement.

Chiron 550 EXPRESS®

Coagulation Parameters

Fibrinogen

Automated STA Fibrinogen Assay — CLAUSS utilizing the

chronometric principle as the basis for clotting time detection.

STA® Fibrinogen Reagent

Hoffman LaRoche STAGO®

Serological markers of Infection

te follow

Glycated Haemoglobin (selected

sites)

Low pressure cation exchange in conjunction with gradient

elution. Reagent ~Chiron®

Chiron 765 Gchomat@

Fructosamine (glycated protein)

Colorimetric test by reaction with nitroblue tetrazolium. Cobas

® Integra Fructosamine Reagent

Hoffman La Roche INTEGRA®

Homocysteine High Performance Liquid Chromatography with Fluorescence Waters 625 LC System®
Detection. ( based on the method described by Fortin and
Genest.

Buffy Coat to follow

Serum Folate

Paramagnetic-particle, chemiluminescent immunoassay for the
quantitative determinatior of folic acid utilizing the Access®

Immunoassay system and reagents.

Beckman Access®

Serum Albumin

Colorometric - Modified bromocresol green dye binding assay.

Cobas® Integra Albumin Reagent

Hoffman La Roche [mcgra@

White Blood Cell Count

To be assayed at cach site.
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SPECIMENS AND QUESTIONNAIRE RECRUITMENT IN THAILAND

Oct-02
CENTER CENTER NAME BLOOD SPECIMENS QUESTIONNAIRE
Case Control Total Case Control Total
441 Siriraj Hospital 26 36 62 26 36 62
442 Chulalongkom Hospital 29 25 54 29 25 54
444 Ramathibodi Hospital 48 71 119 48 71 119 |
445 Khon Kaen University 9 9 18 9 9 18
446 Prince of Songkhla Uni. 24 34 58 24 32 586
447 Rajvithi Hospital 12 20 32 12 20 32
448 Bhumipol Hospital (1:1) 17 19 36 19 19 38
449 Vajira Hospital 9 18 27 9 18 27
450 Police General Hospital 20 30 50 20 30 50 |
451 Pra Mongkutklao Hospital 33 46 79 33 46 79
452 Central Chest Hospital 30 47 77 30 47 77
453 Chieng Mai University 8 8 16 8 8 16 |
Total 265 363 628 267 361 628
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Progress in Cardiology

INTER-HEART: A global study of risk factors for

acute myocardial infarction
Stephanie Ounpuu, PhD, Abdissa Negassa, PhD, and Salim Yusuf, DPhil, FRCPC, for the INTER-HEART

Investigators® Hamilton, Ontario, Canada

Background Although declines in mortdlity rates have occurred in most developed countries, increases are being
seen in developing countries. Our knowledge of risk factors for acute myocardial infarction [AMI] is largely derived from
studies in the former. Applicability of these results to other populations is unknown. The objectives of INTER-HEART are to
determine the association between risk factors and AMI within populations defined by ethnicity and/or geographic region
and to assess the relative importance of risk factors across these populations.

Methods INTERHEART is a study of 14,000 cases of AMI and 16,000 matched control patients from 46 countries,
which was conducted with a standardized protocol. Questionnaires were translated into 11 languages; physical measure-
ments were obtained, and 20 mL of blood was drawn and shipped frozen to a central laboratory in Canada. The study will
evaluate the importance of conventional and emerging risk factors within each geographic region and whether their impact

varies by region.

Results INTER-HEART is sponsored by the World Health Organization and the World Heart Federation and has
received funding from several peerreviewed agencies and many different pharmaceutical companies. A vanguard phase
(February 1999 to 2000 enrolled 4000 subjects from 41 countries. Full data collection started in April 2000 and is

expected fo be completed by October 2002.

Conclusions Several years of targeted work have allowed the development of the concepts that were fested in the
pilot studies. This has ensured the feasibility of INTER-HEART. This study has the potential fo have a major impact in develop-
ing a worldwide strategy for cardiovascular disease prevention, especially in developing countries and nonwhite popula-

tions. (Am Heart ] 2001;141:711-21.)

During the past 30 years, cardiovascular disease
(CVD) death rates have declined in several developed
countries, whereas they appear to have increased sub-
stantially in many developing countries. All geographic
regions are already having significant disease burden
from ischemic heart disease and can anticipate substan-
tial increases in both morbidity and mortality rates
(Table I). Globally, it is anticipated that both morbidity

and mortality rates from ischemic heart disease will dou-

ble between 1990 and 2020. Approximately 82% of
these anticipated increases in mortality rates and 89% of
the anticipated increases in morbidity from ischemic
heart disease will be seen in developing countries.!

From the Canadian Cordiovasculor Colloberation, McMaster University.

* A complete list of the INTER-HEART Investigotors is given in Appendix A.
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Several factors contribute to the trend toward in-
creasing rates of CVD in developing countries: First,
decreasing mortality rates from acute infectious dis-
eases have resulted in increased life expectancy,
which in turn will lead to a higher proportion of indi-
viduals reaching middle and old age. Second, lifestyle
and socioeconomic changes associated with urbaniza-
tion may lead to higher levels of risk factors for CVD.
Third, some populations (eg, because of specific
genes) may be particularly susceptible to the adverse
effects of a particular risk factor; this may lead to a
greater propensity for developing clinical events for
the same level of a given risk factor compared with
Western populations (Figure 1).

Table I estimates the rates of ischemic heart disease in
different regions of the world in 1990 and projects the
change by the year 2020. The rates projected in Table I
are based on changes in demographic profile and the
future effects of current smoking patterns. If the preva-
lence of various risk factors and the duration of expo-
sure to risk factors increase as a result of a longer life
expectancy and urbanization, the rates of CVD mortality
and morbidity could rise even higher than projected.
Therefore a global CVD epidemic is anticipated in the
next 30 vears. Effective CVD prevention requires a
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Table I. Regional differences in the burden from ischemic heart disease by sex (all ages)
Population estimates
Men Women Men Women
1990/2020 1990/2020 1990/2020 1990/2020
Region {x 1,000,000) {x 100,000) {x 100,000) {x 100,000)
Established market economies 390/434 407 /455 8.3/12.1 8.4/11.1
Formerly socialist economies of Europe 165/170 181/191 4.7/7.1 5.6/7.0
India 4397608 + 410/589 6.2/14.1 5.6/12.0
China 585/727 548/721 3.9/8.1 3.8/6.8
Other Asia and Islands 343/497 340/505 2.3/5.8 2.3/5.5
Sub-Saharan Alrica 252/555 258/565 0.9/2.2 1.2/2.6
Latin American countries 222/331 223/336 1.8/4.4 1.7/4.1
Middle Eastemn Crescent 256/496 247 /487 3.2/87 2.9/7.2
Total world 2654/3819 2614/3848 31.3/62.6 31.3/56.3
1D, lschemic heart disease.
Figure 1
Variations by
genetic propessity |
Altered
Epidemiologic gevirmentsl Possible metabolic Development
transitions > | siskfactors |~ respanse = of CVD
4 Infectious disease T Tobacco use Dyslipidemia
mortality
L Physical activity Elevated Blood pressure
T Life expectancy
T Energy & far Obesity
T Urbanisation consumption
Diabetes mellitus
1 Vegetarianism
Hyperhomocysteinemia
T Psychosocial stress
Abnormalities of impaired
coagulation e.g.
fibrinolytic activity

T

Variations by region and ethnicity

Conceptual framework for design of INTER-HEART.

globul strategy on the husis of an understanding of the
importance of known and putative CVD risk factors in
different geographic regions and cthnic groups.

The concept of risk factors (such as smoking, ele-
vated cholesterol, or blood pressure) associated with
CVD was derived from prospective epidemiologic stud-
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IHD mortality estimates Disability-adjusted life-years lost from IHD
Projected increase (%) Men 1990/2020 Women 1990/2020 Projected increase (%)
from 1990 to 2020 [x 100,000) {x 100,000) from 1990 to 2020
{(men/women) {men/women) {men/women] {men/women)
46/32 54.2/73.1 34.6/40.6 3517
51/25 42.6/60.9 28.1/31.2 43/11
127/114 56.0/138.4 45.3/89.3 147/96
108/79 32.7/74.0 27.3/45.1 126/65
152/139 21.2/52.9 18.4/39.8 150/116
144/116 10.9/252 12.7/25.5 130/100
144/141 16.4/39.0 13.2/29.5 139/123
171/148 29.7/82.3 23.6/53.0 177/124
100/80 263.7/545.7 203.3/3539 107/74
Methods

ies conducted mainly in Western populations.2
Whether the conclusions derived from these studies
are extrapolatable to people in developing countries
that include individuals of different ethnic back-
grounds is not clear. First, a particular risk factor may
not be as strongly related to coronary heart disease
(CHD) in some populations (eg, cholesterol levels
may not be a strong predictor of CHD among South
Asians}5), .nd some populations may be more sensi-
tive to specific risk factors (eg, South Asians show a
strong risk associated with elevated glucose levelsS;
absolute risk of CHD at the same level of blood pres-
sure varied substantially among different populations
in the Seven Countries Study?). Second, even if the
relation between a risk factor and CHD is similar, the
population-attributable risk will differ with variations
in prevalence of the risk factor (eg, mean cholesterol
levels in China® and some African? countries are
about 25% to 35% lower than in the West; therefore
even if cholesterol levels are similarly related to CHD,
the population-attributable risk would be lower in
these countries). Third, the relative importance of
risk factors may vary (eg, lower intake of vegetables
or their prolonged cooking!? may lead to lower folate
consumption and higher homocysteine levels in
South Asians, whereas psychosocial stressors may
play a larger role among Eastern Europeans!!).
Fourth, the prevalence of protective factors may vary
between populations (eg, high fish intake among Chi-
nesel?), Fifth, some inherent tendency (eg. propen-
sity for impaired glucose tolerance among South
Asians!'3 and other migrant groups'4) is accentuated
by urbanization. Therefore a study aimed at discover-
ing the relation between risk factors and CHD in mul-
tiple countrics representing different regions and eth-
nic groups will have a profound influence in
develoning a global strategy for CVD prevention.

Options for study design and design overview
Information on the importance of risk factors for
CHD can be obtained by (a) prospective cohort studies
in which risk factors are measured in a large group of
individuals who are followed until a sufficient number
of clinical events are recorded; (b) case-control studies
in which distribution of risk factors is compared
between diseased and nondiseased subjects; and (c)
intervention trials in which specific risk factors are ran-
domly assigned and incidence of clinical outcomes is
compared. Each method has its strengths and limita-
tions. Cohort and intervention studies have substantial
methodologic advantages; however, they are relatively
expensive and require a long duration of follow-up
compared with a case-control study. Although conduct-
ing cohort studies within a particular country may be
feasible, conducting a large global cohort study in sev-
eral countries with adequate statistical power would be
prohibitively expensive. Hence such studies are
impractical at present, especially if they were to
involve several developing countries in which the infra-
structure for research is not as well established as in
developed countries. A more efficient strategy is to
conduct a simple, standardized, case-control study
involving a large number of countries. Such a study
would provide quick and reliable information on the
importance of a range of risk factors for CHD.
INTER-HEART is an international, standardized, case-
control study, designed as an initial step to address the
burden of CVD. This approach has been recommended
by the Institute of Medicine/World Bank Report!5 and
the Global Health Forum. The objectives of INTER-
HEART are to determine the strength of association
between traditional (ie, smoking, hypertension, ele-
vated cholesterol, diabetes) and emerging (glucose
abnormalities, abdominal obesity, homocysteine, other
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Table I1. Recruitment targets by region and country Table il. Continued
No. expected No. expected
Region/ No.of Date recruitment Contrel Region/ No. of Date recruitment Control
country sites started Cases patients couniry sites started Cases patients
Asia Subtotal - 40 2300 2620
Bangladesh 3 June 15, 1999 200 200 Australia/ 30  January 1999 400 400
China 16 April 14, 1999 1000 1000 New Zealand
Hong Kong 1 June 15, 1999 150 150 Subtotal 30 400 400
Indic 3  February 7, 1999 400 800 Total sample 260 14,005 16,625
Jopan 2  Seplember 30, 1999 100 200
Malaysic 2 July 19,1999 200 400
Nepal 2 August11,1999 200 200
Pakiston 5 May?9, 1999 500 500 4 .
Philippines 8  March9, 1999 500 500 nutritional, psychosocial) risk factors and nonfatal
Singopore 3 August19, 1999 250 250 acute myocardial infarction (AMI) in the overall study
Sri Lanka 2 January 7, 1999 200 200 population and within each population defined by eth-
Thailand 12 Aprl 19, 1999 500 1000 ; . . 4
Lo sl nic group and/or geographic region, and the relative
Subtotal 59 L4200 5400 4 : .
Central/Eastern importance of risk factors across these different popula-
Europe tions. The results and infrastructure of INTER-HEART
Croatia 1 March 12, 1999 350 350 will also provide an impetus for future cohort studies or
Czech Republic 1 Januory 20, 1999 20 20 intervention trials in a few selected countries.
Greece 5 February 24, 1999 60 &0
Hungary 13 April 6, 1999 620 620 :
Peland 20 Jonwory29,1999 800 800 Study patients and methods _
Russia 1  September 9, 2000 200 200 INTER-HEART will study approximately 14,000 inci-
Subtotal 41 16480 1680 dent cases of AMI and 16,000 control patients matched
Western Europe by age (+5 years) and sex, with no prior history of heart
ﬁj;mcnv 5 ;22::'; :; “ ;9;’999 433 433 disease. Women will make up 25% of all participants.
The Netherdands 2 March 15, 1999 50 50 Recruitment will take place in 260 centers from 46
Spain 7 August2, 1999 125 125 countries in Asia, Europe, Middle East Crescent, Africa,
Sweden 1 April 9, 1999 300 600 Australia, and North and South America (Table II). The
M's.c‘[J:!mEGlg 17 925 1225 choice of countries for INTER-HEART represents 2 com-
e Ca . a . g >
Bahrain | Ocober31,1999 80 80 Bl & Ocrc 10 cepixaent éachh major reglon: of
Egypt 10 August3l, 1999 1000 1000 the world and feasibility. Within each country, centers
Iran &  November 13,2000 200 200 were chosen on the basis of practical considerations by
Kuwait | Februory 23, 1999 300 600 an INTER-HEART National Coordinator based in that
Qatar I July 1, 1999 100 100 _In some tries. the cent are distributed
Sutonateof 2 February 1,2000 150 300 e e i G
Oméen across the country (eg, Philippines, Thailand, China,
Syrio/Lebanon 3 100 100 Argentina, Brazil); in others they represent the entire
United Arab 10 March 24, 1999 400 400 country (Kuwait, Qatar, United Arab Emirates), and in
Emirates others they are highly selective (eg, India, Pakistan) and
Afs_“b"’"" 34 2330 . 2780 represent centers that are specifically interested in the
nca
Botswana 2 January 1B, 1999 80 160 saudy. . : ;
Cameroon 1 October 25, 1999 120 240 All patients admitted to the coronary care unit or
South Africa 9 Aprl 12, 1999 720 720 equivalent cardiology ward of participating centers are
Zimbabwe 1 150 300 screened to identify incident cases of AMI. Cases are
Subtotal 13 H07Q | ¥e20 identified by means of standardized definitions and
North America ki 24 Hous of £ Atleast
Canada 16 Avgust 16, 1999 400 400 enrolled within Oun'o_ Onset‘o "’Y“}pmms' tiea
United States 10 March 4, 1999 500 500 1 control patient per case is recruited with the use of
Subtotal 26 900 900 specific criteria (Appendix C).
South America
Argentina 10 February 19, 1999 380 380 Ethics
Brazil 16 March 31, 1999 600 600 N . d
Chile 6 April 14,1999 500 500 At entry to the study, informed consent is obtained
Colombia 3  May 15,1999 320 640 from each participant. The INTER-HEART protocol has
Guotemalo 4 300 300 been approved by appropriate regulatory and ethics
Trinidod and \ 200 200 councils in all participating countries and centers. All
Tobago analvses will be conducted hv INTER-HEART investiea-
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Table 1il. INTER-HEART questionnaire

Domain Method

Ounpusetcl 715

Source

Country of origin
Ancestor origin
Parents’ first language

Ethnicity

Education, occupation, income, wealth

Work acfivity, leisure fime

Frequency

Type of fobacco

Tobacco brand

Frequency

Filter/nonfilter

Environmental tobacco smoke

Cooking methods

Dietary patterns

Acute siress, chronic siress, depression,
locus of control

Sociceconomic status
Physical activity
Alcohol

Smoking

Nutrition

Psychosocial

Medical and family history
AMI, other vascular disease, stroke,
angina, dental, sleep potterns, recent

viral infection, antibiotic therapy
Medicalions

Diabetes, cancer, dyslipidemia, hypertension,

Study of health assessment and risk in ethnic groups!3
South Asians in United Kingdom'®

Hypertension in Afro-Caribbean, United Kingdom!7
Survey of Chinese Canodions'8

Canadian National Population Health Survey!?
Primary prevention study20

McElduff and Dobson?!

Epidemioclogy standardization project??

European prospective investigation of cancer??

India case-control study4

Study of health assessment and risk in ethnic groups'3
india caseconirol study®

Primary prevention study?4

Bobak et ol;25 Kessler and Mroczek, University of
Michigan, unpublished observations

MRFIT26

Study of health assessment and risk in ethnic groups!3

Preadmission, in hospital, hospital discharge

tors, and no patient identifiers will be presented on any
files transmitted to any committee or clinical center.

Data collection

Seven steering committee meetings have been held to
develop study forms, review results of feasibility studies
(addressing data collection, blood collection and pro-
cessing, and data transfer protocols) in 22 countries.
finalize the protocol before the start of the vanguard
phase, and review progress as the study moves to full-
scale recruitment.

The study questionnaire collects data on demo-
graphic factors (eg, country of origin, first language).
socioeconomic status (education, occupation, income),
lifestyle (tobacco use, physical activity, dietary pat-
terns), personal and family history of CVD, and risk fac-
tors. Trained staff administer the questionnaire before
the patient leaves the hospital. Data on medications
(prehospital, in-hospital, and hospital discharge) and
interventions are abstracted from charts. The compo-
nents of the questionnaire were compiled with the use
of previously validated questions included in prior stud-
ies of CVD risk factors (Table IID). 626 The question-
naire was initially tested with 110 cases and 104 control
patients from 20 countries in the INTER-HEART pilot
study and modified as necessary. It has been translated
into 11 languages (Chinese, English, Filipino, Hungar-
ian, Italian, Japanese, Portuguese, Russian, Spanish,
Swedish. and Uirdum.

Standard but simple physical measurements are per-
formed in duplicate by the same examiner on each par-
ticipant: height, weight, waist and hip circumference,
and heart rate, Waist and hip circumference are mea-
sured with a nonstretchable standard tape measure
attached to a spring balance exerting a force of 750g.

Nonfasting blood samples (20 mL) are drawn from
each patient to be stored frozen for biochemical analy-
ses (total cholesterol. high-density lipoprotein;
apolipoprotein B, immunoglobulin G, and immunoglob-
ulin A antibodies indicating infection with Chlamydia
priewmoniae, glycated hemoglobin, homocysteine,
serum folate, serum albumin, serum creatinine, and
white blood cell count). Genetic materials (buffy coat)
will also be collected to assess the relevance of candi-
date genes for AMI within each ethnic group. DNA
samples will be used exclusively for genotyping related
to cardiovascular risk factors. For cases, blood is drawn
within 24 hours of onset of symptoms of AMI. All sam-
ples are centrifuged within 2 hours of collection and
frozen immediately after processing. Samples are
shipped by courier from each site to the National Blood
Storage Site, where they are stored in liquid nitrogen
(-196°C). Specimens are then shipped in nitrogen
vapor tanks to the core laboratory at the Hamilton
Regional Laboratory Medicine Program, Canada. The
timing of all local and international shipments is guided
by a specified schedule that is determined by local
blood storage capacity (eg. blood samples will remain
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Table IV. Study power to detect minimum effect size of 1.5
for smoking and 2.0 for diabetes, o0 = .05 (2-sided) for
selecied cc_.uries

Prevaience Power

of risk to detect

factor in OR of 1.5
population or 2.0
Cases/control Smoking/ 1.5t/

Country potients diabetes 20

South Affica  720/720 31*(27)/4.2 (28) 96/87
India 400/800 17.5(29)/11.5{30) 76/9%
taly 400/400 32 (27)/8.3(30) 79/88
Egypt 1000/1000 20 (27)/4.3(31) 97/96
Brazil 600/600 32.6(27}/7.1 (30) 92/95
Colombia 320/640 21.4(32)/8.0(30) B81/89

United States  500/500 25.5(33)/7.0(30) 83/90

*Percentage of population exposed.
Study power [%].

at -20°C or -70°C for a maximum of 2 or 6 months,
respectively). Laboratory specimens are being stored
centrally in liquid nitrogen at the core laboratory, where
analyses will be conducted by INTER-HEART investiga-
tors. Analyses will be limited to those that relate to CVD,
its determinants, or cancer.

Data transfer and management

Data transfer for INTER-HEART was initiated in March
1999. Where toll-free lines exist, data are faxed directly
from the countries to the Project Office. The computer
system (DataFax) stores the optical image, and digital
reading technology allows most of the information to
be read and entered into a2 computer database directly.
The results of the computer-read data are verified
against a visual display of the faxed form by project
office staff. Any discrepancies are organized into quality
control reports and faxed back to the investigator at
regular intervals. This management system enables us
to have data entered into a central database within sev-
eral days of collection. Where toll-free lines are unavail-
able, completed case-report forms are transported
monthly by courier from each national coordinating
center to the project office. The data are then entered
into the data fax system and validated according to the

specified protocol.

Training and standardizafion

A number of procec ures have been incorporated to
ensure standardization and high quality of data: (1) a
comprehensive operations manual, (2) training work-
shops for national coordinators, (3) training video and
instruction manual distributed to all centers, and (4)
training workshops within each country. Several pro-
cedures are being used 1o maintain compliance and
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standardization: (1) center-specific pocket cards as
data collection aids, (2) monthly newsletters, (3) provi-
sion of presentation materials for local meetings, (4)
regular provision of quality-control reports to each
center, and (5) prompt mail, telephone, or e-mail fol-
low-up. In addition, a schedule of site visits has been
initiated and visits to selected hospitals in Bahrain,
Chile, Egypt, Kuwait, United Arab Emirates,
Bangladesh, India, Nepal, and Thailand have already
been completed.

Statistical considerations

The overall sample size for INTER-HEART is depen-
dent on (1) the sample size requirements for each par-
ticipating country or region (where smaller countries
that are similar are clustered together) and (2) the abil-
ity to detect variations in the effect of a risk factor by
region. The sample size per country was calculated on
the basis of the following pzrameter specifications: (2)
level of significance: 2-sided test at o = .05; (b) power
(1 - B): 80%; (c) effect size (minimum odds ratio [OR]
considered to be clinically important is dependent on
the risk factor of interest; for tobacco, smoking, and
hypertension, ORs of 22.0 are considered clinically sig-
nificant); (d) exposure (Exposure rate in the control
group was estimated on the basis of the prevalence in
the general population from previous studies in each
country; in some countries, two control patients are
recruited for each case. This different ratio satisfies
objectives for local, country-specific data collection and
analysis.)

Objective 1

Objective 1 is to determine the strength of association
between traditional and emerging risk factors and AMI
within each population defined by ethnic group and/or
geographic region. For common risk factors such as
smoking, we have >80% power to detect a minimum
effect size of 1.5 (OR). For less common risk factors such
as diabetes, 2 minimum effect size of 2.0 is detected with
>80% power within a geographic region (Table IV). In
the case of continuous variables (eg, serum total choles-
terol), we require 306 cases within each ethnic group to
detect 2 minimum effect of 1.3 associated with a higher
serum cholesterol level of 20 mg/dL.

Obijective 2

Objective 2 is to determine the relative importance of
risk factors across different populations (grouped by
geography). The OR for each risk factor as derived on
the basis of the above analysis will be compared across
regions. Table V reveals sufficient study power to
detect an interaction effect of 1.5 to 2.0 (ratios of ORs)
berween regions for the association of smoking and
hypertension with disease. A similar approach will be
taken for other risk factors.
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Table V. lllustrative example of study power [percentage) to detect interaction effect sizes of 1.5 and 2.0 {ratio of ORs) between

regions for selected risk factors based on o = .05 (2-sided)

Africa Middle East South America North America
South Asia 1.5" 2.0 1.5 2.0 1.5 2.0 1.5 2.0
Smoking 1.5t 84 100 88 100 23 100 Q0 100
Hypertension 2.0f 50 94 69 99 72 100 71 100

“Interaction effect of 1.5 implies that effect of smoking in Africa is 1.5 fimes its effect in South Asig, thatis, 1.5 % 1.5 =2.25,

{Minimum effect of 1.5 fo 3.0 (OR) of smoking ond hypertension is ossumed in South Asia.

Objective 3

Objective 3 is to determine the strength of associa-
tion between traditional and emerging risk factors and
nonfatal AMI in the overall population. With the pro-
jected sample sizes per region (Table II) and based on
local estimates of prevalence, we have sufficient statisti-
cal power to detect an effect size of 2.0 (OR) within a
region for several risk factors. Therefore the power will
be even higher to detect a similar overall effect.

Conditional logistic regression will be used to assess
(1) the relation between AMI and (3) conventional and
(b) emerging risk factors within countries or regions
and (2) the relation between risk factors and disease
acCross countries or regions. Provided that there is no
strong variaticn of effect of risk factors by regions,
overall effect estimates will be derived from the region-
specific estimates by means of a mixed-effects model 34
The overall cffect estimation is dependent on the
assumption of absence of strong variation of effect of
risk factors by region.

A priori-identified confounding variables will be
adjusted for in the analysis, and other potential con-
founders will be assessed empirically. An extrancous
variable will be considered as a confounder if it results
in a2 minimum of 10% changg in the regression coeffi-
cient of the risk factor of interest when included in the
model.35 As the first step toward establishing confound-
ing, the possibility of effect modification will be enter-
tained. Extraneous variables that do not satisfy both the
empiric criteria of confounding and effect modification
as assessed at the o = .1 level of significance will be
considered for inclusion in the final model on the basis
of gain in precision.

Sponsorship

INTER-HEART is sponsored by the World Health
Organization and the World Heart Federation and has
received funds from the Canadian Institute of Health
Research, Heart and Stroke Foundation of Ontario,
the International Clinical Epidemiology Network, and
8 pharmaceutical companies. For the majority of
countries, national coordinators have raised funds to
rower natient costs and costs of local coordination

(Appendix B). Most have secured at least one funding
source and have approached multiple additional
sources.

Study organization

INTER-HEART includes 260 centers from 46 countries
(a list of investigators is provided in Appendix A). The
study is coordinated by the Canadian Cardiovascular
Collaboration Project Office and the Population Health
Research Institute of McMaster University and the
Hamilton Health Sciences Research Center. The key
element of this organization is the collaboration of
health professionals in the design and conduct of large
studies. The project office is responsible for the overall
protocol development, study coordination, and interna-
tional meetings. INTER-HEART national coordinators
are responsible for local coordination: (1) raising funds
for data collection, (2) site recruitment and training of
study staff, (3) liaison between sites and project office,
and (4) monitoring data collection, storage, and trans-
fer. Annual meetings with national coordinators are
held to discuss the study and provide an educational
forum. The organization of INTER-HEART has ensured
the development of a protocol that is both feasible and
efficient in multiple countries.

Progress and timetable

Data collection began in January 1999 in a limited
number of centers. Gradual start-up has allowed us to
ensure that all data collection transport and comgguni-
cation protocols work for every geographic region. Full
recruitment commenced in April 2000 and will con-
tinue for approximately 2.5 years. As of December
2000, data have been collected centrally from more
than 8000 subjects. Mean age of cases enrolled is 57
years, and more than 20% of subjects recruited are
women. Expected trends in the prevalence of risk fac-
tors are already apparent. For example, approximately
45% of cases and 26% of control patients are current
smokers. Smoking rates ranged from 12% of control
patients in South America to 38% of control patients in
Sub-Saharan Africa. Prevalence of known diabetes and
hypertension is also higher among cases than among
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control patients (diabetes has been reported in 24% of
cases and 10% of control patients; hypertension has
been reported in 38% of cases and 15% of control
patients).

Results will be published at periodic intervals. Initial
results based on the overall population will be reported
when data on at least 10,000 individuals have been col-
lected (mid 2001 onward). A second series of publica-
tions based on geographically grouped data will be
available when data on at least 20,000 individuals have
been completed (mid 2002 onward). Publications
based on data by country will only be available at the
end of the study (mid 2003 to 2005). Analyses based on
frozen blood and DNA will also only be available in
2003 onward.

Potential limitations of the study

A case-control methodology has been previously
found to be useful for all of the risk factors that we are
mezsuring and has provided comparable estimates to
cohort studies for these risk factors.4364! However,
where appropriate, the study has been designed to min-
imize biases, and additional care will be taken during
analysis.

For example, the occurrence of AMI may change
some of the risk factors being studied: After the first 24
hours after AMI, cholesterol levels can drop. The proto-
col therefore emphasizes that all blood measurements
be taken within 24 hours of onset of symptoms. Median
time between onset of symptoms and arrival at the hos-
pital for patients recruited to date in the vanguard
phase is 3.5 hours (range, 2.5 hours in the Middle East
to 6.0 hours in South America); therefore, it is feasible
in most cases to collect blood within the 24-hour win-
dow. Such an approach has provided valid results in
the large ISIS case-control study of 12,000 cases and
24,000 control patients relating lipids to AMI (R.
Collins, Oxford University, unpublished data) and case-
control studics conducted by INTER-HEART investiga-
tors in India,* South America, 3 and Italy.37 Data will
also be analyzed, stratified by time from the onset of
the symptoms, to examine if there is a change in the
relation between those hospitalized early versus those
hospitalized late for a given risk factor. In a retrospec-
tive study, the occurrence of AMI may influence
responses to questions about stress, which would result
in an overestimation of the effect. In INTER-HEART,
stress will be measured primarily by accumulation of
major life events (eg, death of spouse), which is a more
objective measurement. Other psychosocial factors
such as years of education, job status, and income are
unlikely to be affected immediately after an AMI. We
are uncertain about the effects of the AMI on lipopro-
tein (a) and coagulation markers and will await the
results of a pilot study with serial blood analysis to
assess anv confounding. Onlv if this indicates no impact
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of the AMI on these parameters will we measure them
in INTER-HEART.

The preferred control patients are community based.
However, hospital-based control patients are allowed as
an alternative. The advantages of using hospital-based
control patients include enhanced motivation of
patients and study feasibility. A potential disadvantage
is that this control population may not be representa-
tive of the general population. For INTER-HEART,
sources for hospital-based control patients have been
carefully designed to reduce this bias. For example,
there is no known relation between cardiac risk factors
and refractory problems or cataracts. The broad list of
hospital-based control sources for recruitment could
result in biases, depending on the strategies adopted by
centers. However, by using different approaches to
selecting control patients for cases, we will be able to
test the robustness of our findings across different
recruitment strategies. We expect that the results will
be consistent for different methods of recruitment.

Conclusions

Seven years of related work and 2 years of targeted
pilot work have allowed us to develop the concepts
and protocols and to ensure feasibility of this ambitious
global project. The methods are based on our experi-
ences from <several case-control studies conducted by
INTER-HEART investigators. As stated in excerpts from
the Consultation on Research Initiative for CVD Control
in Developing Countries convened by the World Health
Organization and the Global Forum for Health Research
and confirmed by sponsosship from the World Health
Organization and the World Heart Federation, INTER-
HEART is already recognized as a project that could
have a major potential impact in developing a world-
wide strategy for CVD prevention, especially in devel-
oping countries and nonwhite populations.
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Appendix A

INTER-HEART Project Office Staff, National
Coordinators, and Investigators

Project office staff: S. Yusuf, principal investigator; S.
Ounpuu, J. Keys, study coordinators; S. Hawken, statis-
tician; C. Wright, R. Mayhew, S. Rangarajan, research
assistants; L. Westfall, P. Mackie, D. Cunningham, data
management.

Argentina: M. Ciruzzi®; R. Diaz*; E. Paolasso®; J. O.
Bonot; A. Caccavot; A. J. Gambartet; R. A. A. Gue-
rrerot; Australia/New Zealand: D. Hunt®; J. Varigos®; A.
Bunclet; D. Carelesst; R. Hendrikst; J. Sampsont; B.
Singht; J. Rankint; A. Thomsont; A. Hamert; Bahrain:
M. A. Halim®; Bangladesh: S. Haque®; G. M. Faruquet;
M. Hossaint; Botswana: C. Onen®; N. Honet; M. J.
Makhemat; Brazil: A. Avezum®; L. Piegas®; G. Reist;
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M. C. V. Moreirat; A. Rassi, Jrf; J. P. Estevest; L. C.
Bodaneset; A. Rabelo, Jrf; J. A. Marin Netot; J. Farrant;
R. Ramost; R. C. Vazt; A. Labruniet; C. Gunt; C.
Blachert; L. N. Maiat; L. Pereira Fot; D. C. Albuguer-
guet; J. A. M. Abrantest; R. L. Loureirot; A. C. C. Car-
valhot; O. C. E. Gebarat; Cameroon: W. Muna®;

Canada: S. Yusuf*; K. Teo®; S. OQunpuut; Y. K. Chant; C.

Joynert; A. D. Kitchingt; A. Morrist; A. Panjut; H. Leet;
1. Batat; B. Mayt; J. G. Hiscockf; Y. K. Chant; P. V.
Greenwoodt; W. Tymchakt; M. Natarajant; Chile: F.
Lanas®; S. Potthoff}; C. Santibanez}; D. Standent; A.
Lanast; China: L. S. Liu*; L. X. Jiangt; Colombia: L. E.
Bautista®; 1. A. Arenast; J. P. Casast; Croatia: Z. Rum-
boldt*; Czech Republic: P. Widimsky*; M. Brannyt; P.

Gregort; Egypt: M. S. Khedr*; M. G. Abdel-Aziz; S, Abdel-

Kadertf; M. A. Abdel-Moneimt; F. El-Demerdashi; A. El-
Saiidf; S. Gharibt; M. Hassanint; F. Abdel-Hamid Mak-
ladyt; L Sadekt; Germany: H. J. Rupprecht®; T.
Wittlinger®; P. Schusterf; A. Schmidt}; H. R. Ochst;
Greece: N. Karatzas®; A. Pipilist; T. H. Tsaknakist; A.
Tirologost; S. Chrisfakast; Guatemala: M. Luna®; Hong
Kong: J. Sanderson®; Hungary: M. Kelwai*; T. Gesztesit;
L. Halmait; A. Janosit; P. Karpatit; I. Predat; M.
Rusznakt; E. Sitkeit; P. Soltesz}; F. Szabokit; J. Tagjant;
India: P. Pais™; K. S. Reddy®; P. Joshit; D. Prabakarant;
Iran: M. R. M. Hasani*; K. Khadjooit; M. Hedayatif J.
Zamanit; R. Parvixit; M. Radpourt; §. H. Mirkhanit;
Italy: M. G. Franzosi*; G. Tognoni®; A. Branzi}; G.
Corsinit; R. Rossit; M. Villellat; Japan: M. Hori*; H.
Satot; K. Fujiit; Y. Yamada; Kuwait: M. Zubaid®; W.
Rashedt; Lebanon/Syria: S. Jabbour®; Malaysia: P. C. C.
Lang®; A. Lee*; A. Vidavalet; Nepal: M. R. Pandey*; G. B.
B. Baniyat; B. Rawatf; Netherlands: R. Peters*; D. C. G.
Basartt; P. N. A. Bronzwaert; J. A. Heijmerikst; H. R.
Michelst; G. M. A. Popt; Pakistan: K. Kazmi*; S.
Nishtart; A. Samadt; N. Memont; Philippines: T. Dans";
R. Alagadant; B. Albanot; L. Bada}; M. Balajadiat; G.
Buenaventurat; R. J. Cabuhatt; H. Cayabant; j. de le
Rosat; H. del Rosariot; D. Divinagraciat; D. Donort; A.
Fortunot; A. Gurangot; S. M. Jadloct; A. R. Justim-
bastet; E. Kot; L. Lagont; C. Larracast; G. Limf; G.
Lopezt; A. Mallarit; R. M. Manalof; V. Mendozaf; R.
Merinot; J. Monzont; D. Moralest; P. Moritot; V. Nadu-
rataf; I. Ongtengcot; M. Pasayt; A. Pilart; H. Punzalant;
C. Rectort; D. Salvadort; J. Sandagont; R. Santost; F.
Santost; A. Segismundot; R. Syt; B. Tamesist; E. Tan-
doct; D. Torrest; B. Tumanant; G. Vilelat; M. V. Villar-
ruzt; A. Yunquet; Poland: A. Budaj®; L. Ceremuzynski®;
A. Czepiel; T. Lusawat; T. Marczykf; 8. Stect; M. Szpa-
jert; M. Piepiokat; W. Krasowskif; A. Kozlowskit; K.
Janikt; S. Malinowskit; P. Miekust; J. Maciejewskit; J.
Gornyt; J. Gessekt; P. Burdukf; K. Religat; M. Ogorekt;
Z. Majchert; T. Waszyrowskif; Qatar: A. A. Gehani®; H.
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Appendix B
Summary of sponsorship and funding

The INTER-HEART study is funded through unrestricted
grants from several pharmaceutical companies (with
major contributions from Astra Zeneca, Novartis, Hoechst
Marion Roussel, Knoll Pharmaceuticals, Bristol-Myers
Squibb, and Sanofi-Sythelabo), the Intemnational Clinical
Epidemiology Network, Canadian Institutes of Health
Rescarch, Heart and Stroke Foundation of Ontario, and
various national bodies in different countries.

Argentina: INCLEN, OASIS-4; Australia/New Zealand:
OASIS4; Botswana: Astra South Africa; Brazil: OASIS4;
Cameroon: INCLEN; Canada: OASIS4; Chile: INCLEN,
Universidad de la Frontera, Sociedad Chilena de Cardi-
ologia Filial Sur; Colombia: Colciencias, Ministerio de
Salud; Croatia: Croatian Ministry of Science and Tech-
nology; Czech Republic: OASIS-4; Germany: OASIS4;
Greece: OASIS4; Hungary: ASTRA Hassle, National
Health Science Council, QASIS4; Iman: Iran Ministry of
Health; Italy: OASIS-4; Japan: Sankyo Pharmaceutical
Co, Merck Japan, Astra Japan; Kuwait: Endowment
Fund for Health Development in Kuwait; INCLEN;
Netherlands: QOASIS4; Pakistan: ATCO Laboratories;
Philippines: Philippine Council for Health Research and
Development, INCLEN, Pfizer Philippines Foundation,
Inc, Astra Pharmaceuticals (Philippines), Inc, Astra
Fund for Clinical Research and Continuing Medical Edu-
cation, Pharmacia and Upjohn Inc; Poland: OASIS4; Sin-
gapore: Singapore National Heart Association; South
Africa; MRC South Africa, Parke-Davis Pharmaceuticals,
Aventis, OASIS-4; Spain: OASIS-4; Sweden: Swedish
Heart and Lung Foundation Grant from the Swedish
State under LUA Agreement; Thailand: INCLEN, The
Heart Association, Thailand Research Fund; United
States: OASIS—i; Zimbabwe: INCLEN.

Appendix C
Criteria for recruitment of cases and control
patients

Cases. AMI was defined as clinical symptoms plus

electrocardiogram demonstrating significant changes
such as new pathologic Q waves or I-mm ST elevation
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in any 2 or more contiguous limb leads or a new left
bundle branch block or new persistent ST-T wave
changes diagnostic of a2 non-Q-wave myocardial infarc-
tion. Criteria for subsequent confirmation include sig-
nificant enzyme elevation (>2 times normal) or evolu-
tion of electrocardiographic changes. .

Exclusion criteria were failure to provide informed
consent; potential cases who have cardiogenic shock or
a significant chronic medical illness (eg, liver, untreated
hyperthyroidism or hypothyroidism, kidney disease or
malignancy, or who are pregnant) will also be excluded
because their condition may change lifestyle or alter
the risk factors for AMIL.

Control patients. First control per case was an atten-
dant or relative of a patient from a noncardiac ward or
an unrelated (not first-degree relative) attendant of a
cardiac patient. Second control per case was (2) pre-
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ferred: patients attending the hospital or outpatient
clinic for the following reasons: 2.1, refraction and
catara-s; 2.2, physical check-un; 2.3 -outine pap
smear; 2.4, routine breast examination; 2.5, elective
minor surgery for conditions that are not obviously
related to coronary heart disease or its risk factors; and
2.6, clective orthopedic surgery; (b) acceptable:
patients attending the hospital or outpatient clinic for
the following reasons: 3.1, outpatient fractures; 3.2,
arthritic complaints; 3.3, plastic surgery; 3.4, hemor-
rhoids, hernias, hydrocele; 3.5, routine colon cancer
screening; 3.6, endoscopy; 3.7, minor dermatologic dis-
orders.

Exclusion criteria for control patients are identical to
those described for cases, with the additional criterion
that control patients have no previous diagnosis of
heart disease or history of exertional chest pain.
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