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Summary

Background: The American Heart Association has classi-
fied obesity as a major modifiable risk factor for coronary
artery disease, but its relationship with age at presentation with
acute myocardial infarction (AMI) is poorly documented.

Hypothesis: The study was undertaken to evaluate the im-
pact of obesity on age at presentation, and on in-hospital mor-
bidity and mortality in patients with AMIL.

Methods: Our analysis includes a consecutive series of 906
Olmsted County patients (mean age 67.7 years, 51% male)
admitted with AMI to the Mayo Clinic Coronary Care Unit
(CCU). The patients were entered into the Mayo CCU Data-
base, a prospective registry of data pertaining to patients ad-
mitted to the Mayo Clinic CCU with AMI. Age at AMI occur-
rence and in-hospital morbidity and mortality were noted.

Results: Obese patients (body mass index [BMI] >30)
with AMI were significantly younger than patients with AMI
in the overweight (BMI 25-30) and normal-weight (BMI
<30) groups (62.3 £ 13.1 vs. 66.9 £ 13.2 and 72.9 + 13.4,
respectively, p<0.001). Obesity and overweight status were
associated with male gender, diabetes mellitus, hypercholes-
terolemia, and smoking history; however, after multivariate
adjustment for these risk factors, excess weight and prema-
ture AMI remained significantly associated. Compared with
normal-weight patients, overweight patients presenting with
AMI were 3.6 years younger (p<0.001, confidence interval
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[CI] 1.9-5.4) and obese patients 8.2 years younger (p<0.001.
C16.2-10.1). No significant increase in in-hospital morbidity
and mortality was seen.

Conclusion: In this population-based study, overweight and
obese status are independently associated with the premature
occurrence of AMI, but not with an increased incidence of in-
hospital complications.
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Introduction

The role of obesity as an independent risk factor for coro-
nary atherosclerosis is controversial. The relationship between
obesity and coronary atherosclerosis was formerly thought to
be indirect, since obesity often coexists with other cardiovas-
cularrisk factors, including hyperlipidemia, hypertension, and
diabetes;!~ several subsequent long-term longitudinal studies,
however, have demonstrated that obesity is an independent
risk factor for coronary atherosclerosis,*!! and the American
Heart Association (AHA) has recently classified obesity as a
major, modifiable risk factor for coronary heart disease. !> 13
To date, the impact of obesity on age of first presentation with
AMTI and on subsequent in-hospital complications and mortal-
ity has been poorly defined. Analysis from the Gruppo Italiano
per lo Studio della Sopravvivenza nell” Infarto miocardico
(GISSI-2) trial has suggested that increasing body mass index
(BMI) is associated with a greater relative risk of AMI in indi-
viduals aged <55 years compared with those =55 years.?
Despite the GISSI-2 data suggesting a link between obesity
and premature presentation with AMI, no study to date has ex-
amined the effect of obesity on age at presentation and out-
come in AMI patients. Our investigation examines the rela-
tionship between obesity and age at presentation with AMI,
AMI treatment strategies in a defined geographic population,
and in-hospital mortality resulting from AMI. Effects of refer-
ral bias were minimized by studying a defined geographical
population, that is, residents of Olmsted County, Minn.
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Methods
Purpose of the Database

The Mayo Clinic Coronary Care Unit (CCU) database,
used for this study, prospectively collects data on all patients
admitted with AMI to the Mayo CCU at Saint Marys Hospital.
This report includes only patients who were residents of Olm-
sted County at the time they had an AMI, and who gave in-
formed consent as required by Minnesota Statute 144.335.
The investigation was approved by the Mayo Institutional Re-
view Board prior to data analysis. Data were collected from the
clinical record by a single data-collection specialist according
to predefined criteria for each datapoint after a patient’s hos-
pital discharge. This work was monitored by the physician
CCU Database Coordinator with adjudication of events by the
CCU Database Steering Committee when indicated.

Definitions

Acute myocardial infarction was defined for this study ac-
cording to World Health Organization criteria,'* based on
symptoms, electrocardiographic (ECG) findings, and cardiac
enzyme abnormalities. Symptom onset was defined as the
time at which chest pain grew intense, prolonged, or intoler-
able enough to lead the patient to seek treatment. Time of
initial presentation was defined as the time of the patient’s ar-
rival at the hospital. Acute myocardial infarction was classi-
fied as ST-segment elevation (STE) or non-STE, based upon
the presence or absence of > | mm of STE in two or more con-
tiguous leads on the initial ECG. Primary reperfusion therapy
was defined as use of intravenous fibrinolytic therapy, percu-
taneous transluminal coronary angioplasty (PTCA), orimme-
diate coronary artery bypass graft (CABG) surgery as the ini-
tial therapy to restore blood flow through a coronary artery
suspected or known to be occluded. Use of adjunct therapy
during hospitalization was recorded for every patient. Killip
classification was used to risk-stratify patients upon admis-
sion to the hospital, according to the original definitions by
Killip and Kimball.'?

Obesity was defined on the basis of BMI: weight in kilo-
grams divided by height in meters squared (kg/m?). Since
1998, the AHA has defined “obesity” as a BMI>30 kg/m?,
“overweight” as a BMI between 25 and 30 kg/m?, and “nor-
mal” as a BMI < 25 kg/m?.!3 The presence of diabetes melli-
tus was determined by the documentation in the patient’s pre-
vious or current medical record of a documented diagnosis of
diabetes mellitus that had been treated with medication or in-
sulin. Information was obtained in all diabetics from the med-
ical record with regard to previous documentation of any of
the following sequelae of diabetes mellitus: renal disease,
retinopathy, peripheral neuropathy, gastroparesis, or peripher-
al circulatory disease. Information was not collected on the
case report form with regard to fasting glucose levels or hemo-
globin AC values. Previous investigators have demonstrated
that screening for the prevalence of diabetes can be satisfacto-
rily performed by this method. ' The presence of hyperlipi-

demia was determined by the demonstration of a fasting
cholesterol > 200 mg/dl in the patient’s medical record, or any
history of treatment for hyperlipidemia by the patient’s physi-
cian. The presence of hypertension was determined by any
documentation in the medical record of hypertension or by the
patient on treatment for hypertension.

Complications were defined according to their occurrence
in any of four categories. Electrical complications included
supraventricular tachycardia, ventricular tachycardia or fib-
rillation, cardiac arrest, electromechanical dissociation, and
any arrhythmia resulting in hemodynamic compromise or re-
quiring D/C shock treatment or medical therapy. Ischemic
complications included recurrent myocardial infarction, car-
diogenic shock, and congestive heart failure. Mechanical
complications were defined as cardiac tamponade, acute ven-
tricular septurn defect, papillary muscle rupture, and free-wall
rupture. Bleeding complications included ischemic or hem-
orrhagic stroke, gastrointestinal bleed/genitourinary bleed,
and hematoma (retroperitoneal or vascular access). Cause of
death was determined by autopsy when authorized, or by re-
view of the patient’s chart when autopsy was not an option.

Statistical Analysis

Procedures used to identify variables that exhibit statistical-
ly significant trends toward increase or decrease across the
three ordered weight categories (normal, overweight, and
obese) included the Mantel-Haenszel test for the bivariate and
ordered categorical variables, and the general linear F test for
continuous variables. Pearson’s chi-square test was used in
testing nonordinal categorical variables for equal distribu-
tions, but not for linear trend. Multiple linear regression (using
indicator variables), logistic regression, and proportional-haz-
ards models produced adjusted comparisons of clinical out-
comes among the three weight groups. The adjustment mod-
els were built around prior knowledge of the key predictors in
this population by means of a forward, stepwise procedure.
All characteristics and treatment variables were included in
the initial model, and those that appeared to be influencing
outcome or any other desired measure (p <0.1) were included
in the final model analysis. The Bonferroni inequality was
used to aid in the interpretation of fitted model results from
which joint confidence intervals were constructed. Statistical
significance implies a p value of <0.05, and all statistical tests
were two-sided. The ethnic mix of our population was ap-
proximatety 98% Caucasian, 1% Asian, 0.5 % Hispanic and
0.5% African-American.

Results
Patient Characteristics

The study population comprised a consecutive series of
906 Olmsted County resident patients admitted to Saint

Marys Hospital with AMI from January 1, 1988, to March 31,
1998. Of these patients, 306 were of normal weight (Group 1),
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TaBLE | Baseline clinical characteristics

BMI<25 BMI25-30 BMI> 30
Group | Group 2 Group 3

Demographics (n=306) (n=362) (n=238) p Value
Male (%) 149 (48.7) 150(69.1) 159 (66.8) <0.001
Female (%) 157(51.3) 112(30.9) 79(33.2) <0.001
Age in years (mean + SD) 729+134 669+13.2 62.3+13.1 0.001
Diabetes (%) 27(8.8) 56(15.5) 63(26.5) 0.001
Smoking history (current or previous) (%) 166 (54.2) 234(64.6) 156 (65.5) 0.005
Hypercholesterolemia (%) 136 (44.4) 168 (46.4) 128 (53.8) 0.035
Hypertension (%) 141 (46.1) 149 (41.2) 112(47.1) 09
Family history of CAD (%) S51(16.7) 63(17.4) 47(19.8) 0.36
Prior AMI(%) 67(21.9) 84(23.2) 44(18.5) 0.38

Abbreviations: BMI = body mass index, SD = standard deviation, CAD = coronary artery disease, AMI = acute myocardial infarction.

362 were overweight (Group 2), and 238 were obese (Group
3). Mean body indices were 22.3 +2.1 kg/m? for Group1; 27.2
+ 1.4 kg/m? for Group 2; and 34.5 + 5.5 kg/m? for Group 3.
Overweight and obese patients differed significantly from
those who were not overweight with respect to multiple base-
line clinical variables, as demonstrated in Table I. These pa-
tients were more often male, had concomitant diabetes melli-
tus and hyperlipidemia, and were more likely to be current or
former tobacco users. Overweight and obese patients were
also significantly younger than were normal-weight patients
at presentation with AMI. We compared our study population
against an age-matched and geographically matched control
group, and found the study group to have a higher average
BML

Impact of Obesity on Age of Presentation with Acute
Myocardial Infarction

We noted a highly significant correlation between BMI
and age at presentation with AMLI. Figure | depicts the adjust-
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Fic. 1 The influence of body mass index (BMI) on age of presenta-
tion for acute myocardial infarction. Adjusted refers to multivariate
adjustments; unadjusted refers to raw data.

ed and unadjusted relationship of obesity to patient age at pre-
sentation. Obese patients are likely to have onset of AMI at
8.2 years younger than normal-weight patients after adjust-
ment for gender, smoking status, prodromal angina, Killip
class, history of prior AMI, diabetes mellitus, and hyperlipi-
demia. The overweight classification was associated with ear-
ly onset of AMI by a median postadjustment value of 3.6
years. The observations of premature AMI onset in obese pa-
tients (p<0.001) and overweight patients (p<0.001) were
highly significant and independent of other variables after
multivariate adjustment,

Myocardial Infarction Characteristics

Obese patients were most likely to present with nonanterior
AMI; slightly more than half of patients in all groups present-
ed with ST-elevation AMI, as shown in Table II. No significant
differences were seen between groups in the time interval be-
tween symptom onset and hospital admission, or with regard
to Killip classification at the time of AMI presentation.

Treatment Strategies

Treatment strategies for AMI are presented in Table I11. A
significantly greater proportion of obese patients were treated
with primary reperfusion therapy than were patients in the oth-
er weight groups, resulting principally from the proportion of
patients who underwent primary PTCA. Overweight and
obese patients were also more likely than normal-weight pa-
tients to be treated with aspirin and beta-adrenergic blocking
agents. No significant differences were seen, however, with re-
gard to treatment with nitrates, heparin, or angiotensin-con-
verting enzyme inhibitors.

In-Hospital Mortality and Left Ventricular Function

Overall in-hospital mortality was comparable among
obese, overweight, and normal-weight individuals, but a trend
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TaBLE II Myocardial infarction profiles of the study groups
Group | Group 2 Group 3
(n=306) (n=362) (n=238) p Value
ST-elevation AMI (%) 161(52.6) 190 (52.5) 127(53.4) 0.87
Anterior AMI (%) 132(43.1) 131(36.2) 78(32.8) 0.012
Symptom onset to admission (hours) (mean + SD) 49+£7.7 46x87 40+58 0.26
Killip class >1 (%) 72(23.6) 68(18.8) 54(22.7) 0.70
Abbreviations as in Table I.
TaBLE 1T Acute myocardial infarction—treatment strategies
Group | Group 2 Group 3
(n=306) (n=362) (n=238) p Value
Primary PTCA (%) 53(17.3) 82(22.6) 74(3LD) <0.001
Thrombolytics (%) 61(19.9) 82(22.6) 74 (31D NS
Primary repertusion (total) (%) 115(37.6) 168 (46.4) 135(56.7) <0.001
Adjunctive therapy within 24 h of admission
Aspirin (%) 223(72.9) 296 (81.8) 198 (83.2) 0.002
Beta blocker (%) 182 (59.5) 253(69.9) 165 (69.3) 0.011
Nitrates (%) 249 (81.4) 320(88.4) 201 (84.4) 0.238
ACEl(%) 37(12.1) 38(10.5) 34(14.3) 0.377
Heparin (%) 274(89.5) 336(92.8) 219(92.0) 0.265

Abbreviations: PTCA = percutaneous transluminal coronary angioplasty, NS = not significant, ACEI = angiotensin-converting enzyme inhibitor.

TaBLE IV In-hospital outcome

Group | Group 2 Group 3

(n=306) (n=362) (n=238) p Value
Death (%) 36(11.8) 31(8.6) 21(8.8) 0.22
Nonfatal complications (%) 71(23.2) 78(21.6) 37(15.6) 0.03
EF (mean+ SD) 476+164 49.2+15.7 509+ 14.0 0.04

Abbreviations: EF = left ventricular ejection fraction measured closest to the time of discharge, SD = standard deviation.

toward reduced mortality in the obese and overweight patients
was seen, as shown in Table [V. After controlling for age, gen-
der, Killip class, primary reperfusion, aspirin and beta-blocker
therapy, the adjusted in-hospital mortality between study
groups remained comparable. Fewer nonfatal in-hospital
complications were seen in obese patients than in other pa-
tients studied. After adjustment for age, gender, diabetes mel-
litus, smoking history, AMI location, and primary reperfusion
therapy, these differences were significant only for obese pa-
tients: Group 3 versus Group 1 (odds ratio [OR] 0.53, 90%
confidence interval [CI]: 0.33, 0.84, p=0.018). Figure 2 illus-
trates our between-groups observations of BMI in-hospital
mortality and in-hospital complications. Evaluation of pa-
tients” left ventricular function at the time of discharge re-
vealed a trend toward better left ventricular ejection fraction
in obese patients than in patients in the other two groups.

1.8

Percent (%

FiG.2 The influence of unadjusted body mass index (BMI) on in-
hospital mortality and acute myocardial infarction complication
rates. 0= In-hospital mortality, B = in-hospital complications.
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Discussion

In this first prospective study to evaluate the relationship
between obesity and age at presentation with AMI in a geo-
graphically defined population, we found that obesity is inde-
pendently associated with premature occurrence of AMI. Our
observation is consistent with the recent recognition that obe-
sity is a major risk factor for coronary artery disease (CAD)
development.'? 13 Our hypothesis that increased body mass
is an important marker for the premature presentation of AMI
is supported by a comparison between our study population
and an age-matched control group; patients in our study
group, on average, had higher BMIs. Even after adjustment
for confounding variables, obese patients were likely to pre-
sent with AMI nearly a decade younger than normal-weight
patients. Our observations agree with those of an earlier re-
port that suggests a causal relationship between obesity and
premature risk for AML? and are consistent with previous
work showing a significant association between obesity and
other cardiovascular risk factors, including diabetes, hyper-
tension, and hypercholesterolemia.!”

Obesity is increasing in prevalence worldwide. The Third
National Health and Nutrition Examination Survey
(NHANES III) (1988-1991) estimates that 33% of the U.S.
population is obese, a significant increase over the 25% esti-
mate reported in NHANES 11 (1976-1980). '8 This parallels
reports of increased prevalence of obesity in Europe over the
past decade: 10 versus 40%.'° Epidemiologists have ob-
served both an emerging epidemic of cardiovascular disease
in many developing countries, and an accompanying preva-
lence of increased body weight.? In the United States, where
the high prevalence of obesity is evident in both children and
adults, more than 20% of children aged 6 to 17 years are
overweight.2!-22 Some investigators contend that more than
half of overweight children will remain overweight into
adulthood.?! 22 The Bogalusa Heart Study reported recently
that overweight children are more likely than normal-weight
children to be offspring of parents with early CAD, and that
overweight children develop adverse cardiovascular risk pro-
files at a rate higher than that seen in normal-weight adults.?3
In addition, a higher body weight in childhood?! and early
adulthood* 22 is associated with increased cardiovascular
mortality and all-cause mortality in children and in adults un-
der age 65.46.24

Although the increased association with other cardiovascu-
lar risk factors, including diabetes and hypercholesterolemia,
may explain the increased incidence of CAD in obese patients,
belief in a direct association between obesity and CAD is
widespread. Our data support the hypothesis that obesity is
independently linked with premature occurrence of AMI, and
several recognized mechanisms support this observed link.
Hyperinsulinemia, often present in obese patients, could ex-
plain the influence of obesity on premature development of
CAD;2%2 obesity associated with hyperinsulinemia has been
found to be a powerful predictor of CAD. Because obesity is
associated with increased plasminogen-activator inhibitor ac-
tivity,?’ altered coagulation could also influence the link be-

tween obesity and premature AMI.28 Two trials, Global Utiliz-
ation of Streptokinase and t-PA for Occluded Coronary Arter-
ies (GUSTO-I)® and Third Thrombolytric trial of Eminase
(anistreplase) in Acute Myocardial infarction (TEAM-3),%0
have linked reduced efficacy of thrombolytic therapy with
higher body weight in patients with AMI. The link between
obesity and premature AMI could also be related to hyper-
triglyceridemia,?! which is present in many obese patients and
is suggested to be an independent predictor of CAD.3!

The importance of obesity management is underscored
both by the recognition that weight reduction can favorably
modify other cardiovascular risk factors®? and by its proven as-
sociation with reduced cardiac and total mortality.>* In one ob-
servational study of 12 years’ duration, intentional weight loss
of 0.5 to 9.0 kg in overweight women with obesity-related dis-
orders was associated with a 20% reduction in all-cause mor-
tality.*3 Management of obesity is very challenging, however,
and begins with the understanding that a combination of envi-
ronmental and genetic factors contribute to the process.**

Clinical Implications

Our study demonstrates an independent association be-
tween obesity and premature onset of acute AMI. Coupled
with the evidence of a growing worldwide epidemic of obe-
sity, our observations give rise to grave concerns for future
efforts to reduce death and disability from heart disease. Al-
though both research and study of the management of obesi-
ty are in their infancy,'? 13 our data suggest that obesity in
younger adults should be treated with the same aggressive-
ness and attention as is given to the management of hyper-
lipidemia and hypertension.

Our analysis revealed that obese patients were more likely
than normal-weight patients to receive primary reperfusion
and adjunctive therapies, and had slightly lower in-hospital
mortality and slightly better left ventricular ejection fractions
at hospital discharge. The most likely explanation for these ob-
servations is that the obese patients were younger and thus re-
ceived more aggressive care at the time of presentation. The
greater use of these treatment strategies is likely to have result-
ed in slightly lower rates of in-hospital complications and in a
nonsignificantly lower mortality rate, and is also the most like-
ly explanation for the observed differences in ejection fraction.
These observed treatment differences do not affect our prima-
ry observation that obese individuals present at a significantly
younger age with AMI than nonobese individuals.

Limitations

Our study is limited in several respects. First, a small num-
ber of patients with AMI from Olmsted County may not have
been included, as about 5% of local cardiac patients are treat-
ed at another facility. Second, our cohort may underestimate
the magnitude of individual risk factors. The fact that obese
patients in this study were predominantly male may have bi-
ased our observations, even though multivariate modeling did
not suggest an interaction between gender and obesity. Third,
because our population is more homogeneous than the U.S.
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population as a whole, racial factors could affect generaliz-
ability of these findings. Finally, because we did not examine
how changes in BMI after hospitalization might affect long-
term outcome, we could be overestimating the influence of
BMI in patients presenting with a second or third AM], al-
though the great majority of our patients were presenting with
their index AMI and multivariate modeling did not suggest
any interaction.

Conclusions

Our population-based study shows an independent associa-
tion between overweight or obese status and the premature oc-
currence of AMI, but not with an increased incidence of in-
hospital complications.

References

1. Anderson KM, Wilson PWF, Odell PM, Kannel WB: An updated
coronary risk profile: A statement for health professionals.
Circulation 1991;83:356

2. Lew EA, Garfinkel L: Variations in mortality by weight among
75,000 men and women. J Chron Dis 1979;32:563-576

3. Garcia Palmierie MR, Costos R, Schiffman J, Colon AA, Torres R,
Nazario E: Interrelationship of serum lipids with relative weight,
blood glucose and physical activity. Circulation 1972;45:829-836

4. Manson JE , Willet WC, Stampfer M1, Colditz GA, Hunter DJ,
Hankinson SE, Hennekens CH, Speizer FE: Body weight and mor-
tality among women. N Engl J Med 1995;333:677-685

5. Qarrison RJ, Castelli WP: Weight and thirty-year mortality of men
in the Framingham Study. Ann Intern Med 1985;103:1595-1607

6. Rabkin SW, Mathewson FA, Hsu PH: Relation of body weight to
development of ischemic heart disease in a cohort of young North
American men after a 26-year observation period: The Manitoba
Study. Am J Cardiol 1997;39:452-458

7. Rimm EB, Stampfer MJ, Giovannucci E, Ascherio A, Spiegelman
D, Colditz GA, Willet WC: Body size and fat distribution as predic-
tors of coronary heart disease among middle-aged and older US
men. Am J Epidemiol 1995;141:1117-1127

8. Negri E, Santoro L, D' Avanzo B, Nobili A, La Vecchia C: Body
mass and acute myocardial infarction. Prev Med 1992;21:292-301

9. Negri E, La Vecchia C, Franzosi MG, Tognoni G, on behalf of the
GISSI-EFRIM Investigators: Attributable risks for nonfatal my-
ocardial infarction in Italy. Prev Med 1995;24:603-609

10. Kooner JS, Baliga RR, Wilding J, Crook D, Packard CJ, Banks
LM, Peart S, Aitman TJ, Scott J: Abdominal obesity, impaired non-
esterified fatty acid suppression, and insulin mediated glucose dis-
posal are early metabolic abnormalities in families with premature
myocardial infarction. Art Thromb Vasc Biol 1998;18:1021-1026

11. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW: Body
mass index and mortality in a prospective cohort of US adults.
N EnglJ Med 1999;341:1097-1105

12. Eckel RH, for the Nutrition Committee: Obesity and heart disease.
A statement for healthcare professionals from the nutrition commit-
tee, American Heart Association. Circulation 1997,96:3248-3250

13. Eckel RH, Krauss RM, for the AHA Nutrition Committee,
American Heart Association: Call to action: Obesity as a major risk
factor for coronary heart disease. Circulation 1998:97:2099-2100

14. Gillum RF, Fortmann SP, Prineas RJ, Kottke TE: WHO criteria for
diagnosis of acute myocardial infarction. Am Heart J 1984;108:
150-158

15. Kiilip T, Kimball JT: Treatment of myocardial infarction in a coro-
nary care unit. A two-year experience with 250 patients. Am J
Cardiol 1967;20:457-464

16. Leibson CL, O’Brien PC, Atkinson E, Palumbo PJ, Melton LJ III:

20.

21.

22

23.

24.

25.

26.

21.

28.

29.

30.

31

32

33.

34.

Relative contributions of incidence and survival to increasing prev-
alence of adult-onset diabetes mellitus: A population-based study.
Am J Epidemiol 1997,146:12-22

. Van Itallie TB: Health implications of overweight and obesity in the

United States. Ann Intern Med 1985;103:983-988

. Kuczmarski RI, Flegal KM, Campbell SM, Johnson CL: In-

creasing prevalence of overweight among US adults. The National
Health and Nutrition Examination Surveys, 1960 to 1991. J Am
Med Assoc 1994;272(3):205-211

International Obesity Task Force: About obesity. 1998;HP. Avail-
able://obesite.chaire.ulaval.cal/IOTF.htm

Reddy KS, Yusuf S: Emerging epidemic of cardiovascular disease
in developing countries. Circulation 1998,97:596-601

Krauss RM, Winston M, Fletcher BJ, Grundy SM: Obesity: Impact
on cardiovascular disease. Circulation 1998; 98:1472-1476
Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH:
Predicting obesity in young adulthood from childhood and parental
obesity. N Engl J Med 1997:337(13):869-873

Bao W, Srinivasan SR, Valdez R, Greenlund KJ, Wattigney WA,
Berenson GS: Longitudinal changes in cardiovascular risk from
childhood to young adulthood in offspring of parents with coronary
artery disease: The Bogalusa Heart Study. J Am Med Assoc 1997,
278(21):1749-1754

Stevens J, Cai J, Pamuk ER, Williamson DF, Thun MJ, Wood JL:
The effect of age on the association between body mass index and
mortality. N Engl J Med 1998:338(1):1-7

Chisholm DJ, Campbell LV, Kraegen EW: Pathogenesis of the in-
sulin resistance syndrome (syndrome X). Clin Exp Pharmacol
Physiol 1997:24(9-10):782-784

Lundgren CH, Brown SL, Nordt TK, Sobel BE, Fujii S: Elabor-
ation of type-1 plasminogen activator inhibitor from adipocytes: A
potential pathogenetic link between obesity and cardiovascular dis-
ease. Circulation 1996:93(1):106-110

Juhan-Vague I, Alessi MC: PAI-1, obesity, insulin resistance and
risk of cardiovascular events. Thromb Haemost 1997:78(1).
656-660

Vague P, Juhan-Vague 1, Aillaud MF, Badier C, Viard R, Alessi
MC, Collen D: Correlation between blood fibrinolytic activity,
plasminogen activator inhibitor level, plasma insulin level, and rel-
ative body weight in normal and obese subjects. Metabolism 1986,
35:250-253

Lundergan CF, Reiner JS, McCarthy WF, Coyne KS, Calliff RM,
Ross AM: Clinical predictors of early infarct-related artery patency
following thrombolytic therapy: Importance of body weight, smok-
ing history, infarct-related artery and choice of thrombolytic regi-
men; The GUSTO-1 experience. Global Utilization of Streptokin-
ase and t-PA for Occluded Coronary Arteries. J Am Coll Cardiol
1998;32:641-647

Karagounis LA, Anderson JL, Sorensen SG, Moreno FL: Relation
of reperfusion success with anistreplase or alteplase in acute myo-
cardial infarction to body weight. The TEAM-3 investigators. Am J
Cardiol 1994:73(1):16-22

Jeppesen J, Hein HO, Suadicani P, Gyntelberg F: Triglyceride con-
centration and ischemic heart disease. An eight-year follow-up in
the Copenhagen Male Study. Circulation 1998;97:1029-1036
Committee to Develop Criteria for Evaluating the Outcomes of
Approaches to Prevent and Treat Obesity: Weighing rhe Options:
Criteria for Evaluating Weight-Management Programs. Washing-
ton, DC: National Academy Press, 1995

Williamson DF, Pamuk E, Thun M, Flanders D, Byers T, Heath C:
Prospective study of intentional weight loss and mortality in never-
smoking overweight US white women aged 40-64 years. Am J
Epidemiol 1995:141:1128-1141

Ristow M, Muller-Wieland D, Pfeiffer A, Krone W, Khan R: Obe-
sity associated with a mutation in a genetic regulator of adipocyte
differentation. N Engl J Med 1998;339:953-959



