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Obesityy and the Risk of Mortality 
Followingg Acute Myocardial Infarction 
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Chapterr 2 

Background: : 

Inn the general population, obesity is associated with an increased risk of all- cause mortality. 

However,, the importance of obesity in patients with established coronary heart disease 

iss less well defined. 

Methods: : 

Ass part of the Determinants of Myocardial Infarction Onset Study, we performed a 

prospectivee cohort study of 1898 patients hospitalized with a confirmed acute myocardial 

infarctionn between 1989 and 1994, with a median follow-up of 3.8 years. We assessed all-

causee mortality through December 1995 using the National Death Index. We categorized 

patientss according to WHO criteria for body mass index (BMI) . We compared long-term 

mortalityy according to BMI (kg/m ) using Cox proportional hazards regression. 

Results: : 

Off  the 1898 eligible patients, 607 (32%) were normal weight (18.5-24.9 kg/m2) , 832 

(44%)) were overweight (25.0-29.9 kg/m2), 331 (17%) were Class I obese (30.0-34.9 kg/ 

mm ), and 128 (7%) were Class II or more obese ( >35.0 kg/m2) . A total of 311 patients 

diedd during follow-up. After adjustment for potentially confounding risk factors and 

excludingg patients with non-cardiac comorbidity, the risk for mortality appeared to increase 

linearlyy with increasing BMI across all categories (p-trend = 0.08). The relative risk of 

mortalityy in all obese patients (>30 kg/m ) was 1.46 compared to those with normal 

weightt (95% CI 0.98-2.17). 

Conclusions: : 

Wee found that BMI appeared to have a positive, graded relationship with post-MI mortality. 

Whetherr weight reduction and secondary prevention strategies would reverse this effect 

inn obese population remains to be seen. 
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Background d 

Obesityy accounts for more than a quarter of a million deaths annually in the United 

Statess (1). Risks associated with overweight and obesity warrants more attention since, 

despitee significant reductions in other risk factors for CHD and mortality (2) the 

prevalencee of obesity continues to rise (1). 

Inn the general population, higher body weight is associated with increased all-cause 

mortalityy and has been shown to markedly lessen life expectancy (3). However, the 

impactt of obesity on mortality in patients following acute myocardial infarction (MI) 

orr established coronary heart disease (CHD) is less well defined, with inconsistent 

resultss (4-7). 

Too assess the impact of overweight and obesity on mortality in patients following 

acutee MI, we studied patients enrolled in the Determinants of Myocardial Infarction 

Onsett Study (Onset Study) (8). This prospective, multicenter, inception cohort study 

includedd chart reviews and face-to-face interviews with hospitalized patients with 

confirmedd acute MI . 

Methods s 

Thee Onset Study was conducted in 45 community hospitals and tertiary care medical 

centerss in the United States. Between August 1989 and September 1994,1935 patients 

(6011 women and 1334 men) were interviewed at a median of 4 days after sustaining 

acutee MI. Trained research interviewers identified eligible patients by reviewing coronary 

caree unit admission logs and patient charts. Thus our study does not include patients 

whoo died before hospitalization or did not go to a hospital with their AMI . For 

inclusion,, patients were required to have a creatine kinase level above the upper limit 

off  normal for each center, positive MB isoenzymes, an identifiable onset of symptoms 

off  infarction, and the ability to complete a structured interview. For these analyses, 

wee excluded 18 patients with missing information on BMI and 19 patients with BMI 

<< 18.5 kg/m , because this small number of patients resulted in a lack of statistical 

37 7 



Chapterr 2 

powerr to make inferences about this group. Thus, 1898 patients were included in the 

presentt study. The institutional review board of each center approved this protocol, 

andd each patient gave informed consent. 

Interviewerss used a structured data abstraction and questionnaire form and recorded 

detailedd medical histories (including self-reported height and weight). We derived 

BMII  as the weight (in kilograms) divided by the square of the height (in meters) as an 

estimatee of overweight and obesity (9). We categorized BMI according to W HO criteria 
99 9 

(10)) - normal weight (18.5-24.9 kg/rrT), overweight (25.0-29.9 kg/rrT), and Obese 
99 7 

(>30.00 kg/rrT). Obesity was further divided into obese class 1 (30.0-34.9 kg/rrT), and 

obesee class II or higher (>35.0 kg /m ). 

O therr informat ion collected from each interview and chart review included 

demograph ics,, medical history, and medicat ion use (both prescr ip t ion and 

nonprescription).. During the chart review, interviewers recorded complications of 

congestivee heart failure and ventricular arrhythmias based on diagnoses recorded in 

thee medical record. Interviewers also recorded all creatine kinase values available at 

thee time of the interview. 

Wee defined present aspirin use as the reported use of any aspirin or aspirin-containing 

productt in the 4 days before the index MI , based on previous Onset Study analyses 

andd the duration of its physiological effect (11). We used 1990 United States census 

dataa to derive median household income from United States Postal Service zip codes 

(12).. W7e defined noncardiac comorbidity as a previous history of stroke, respiratory 

disease,, renal disease, or cancer. We searched the National Death Index for deaths of 

Onsett Study subjects through December 31, 1995 and requested death certificates 

fromm state offices of vital records for all probable matches, using a previously validated 

algorithmm (13). Three physicians blinded to each participant's BMI independently 

verifiedd the determination of each death. Two physicians categorized each death as 

attributablee to cardiovascular or non-cardiovascular causes. Disagreements among 

raterss were resolved by discussion. 

Statisticall  Analysis 

Wee analyzed continuous and binary variables using AN OVA and Fisher's exact tests, 

respectively.. We used Cox proportional-hazards models to examine the association of 

38 8 



Obesityy and mortality risk post myocardial infarction 

BMII  with survival after adjustment for potentially confounding factors. The covariates 

includedd in the multivariate model were age, sex, race, current smoking, former smoking, 

noncardiacc comorbidity (a previous history of stroke, cancer, gastro-intestinal disease, 

renall  disease, or respiratory disease), use of thrombolytic therapy, episodes/week of 

exertionn >6 METs (<1, 1-4, >5), usual alcohol consumption in servings/week (none, 

<7,, >7), usual tea consumption in cups/week (none, <14, >14), educational attainment 

(<< high school, high school, some college), and median household income in the zip 

codee of residence. For test for trend, we derived P-values for linear trend, using the 

meann BMI within categories. We also treated the categories of BMI as continuous 

variable,, with increment of 1 and 5 kg /m . To explore possible effect modification, 

wee repeated adjusted analyses within strata of age, sex, and smoking status. We 

performedd sensitivity analyses that included diabetes, hypertension, and prior history 

off  C HD to assess mediating effects of these variables. We repeated our analyses after 

excludingg patients with noncardiac comorbidity (a previous history of stroke, cancer, 

gastro-intestinall  disease, renal disease, or respiratory disease) to minimize bias caused 

byy disease-related changes in weight. We used SAS statistical software version 8 (SAS 

Institutee Ine, Cary, NC) for all analyses. 

Results s 

Thee characteristics of the Onset Study participants have been previously reported (8). 

Tablee 1 shows characteristics of the patient population according to BMI category. 

Thee mean BMI ranged from 22.7 kg /m in patients in the normal weight category, to 

39.33 kg /m in obesity class >II . Higher BMI was associated with younger age, diabetes, 

andd hypertension. Minorities also tended to be more likely to be obese (p-value = 

0.07).. Gender, abstention from alcohol, and presence of non-cardiac co-morbidities 

weree associated with significant variability' across BMI categories. Current and past 

historyy of smoking, a past history of CHD, and socioeconomic status were similar 

acrosss BMI categories. 
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Tablee 1. Characteristics of the Onset Study Participants According to their BMI (kg/m2) category. 

Variables s 

Numberr (%) 
Meann BMI 
Agee j - (years) 
Femalee (%) 
Whitee race (%) 
Currentt Smoker (%) 
Formerr smoker (%) 
Noo alcohol (%) 
Noo Tea (%) 
Noo Exertion § (%) 

Normal l 
(18.5-24.9) ) 

6077 (32) 
22.7 7 

65.3(12.9) ) 
2377 (39) 
5499 (91) 
1988 (33) 
2399 (40) 
3666 (60) 
3111 (52) 
5099 (84) 

Overweight t 
(25.0-29.9) ) 

8322 (44) 
27.3 3 

60.66 (12.0) 
184(22) ) 
7544 (92) 
2799 (34) 
3477 (42) 
4366 (52) 
4322 (53) 
6566 (79) 

Obesityy Class I 
(30.0-- 34.9) 

3311 (17) 
32.0 0 

58.0(11.9) ) 
1099 (33) 
2866 (87) 
1055 (32) 
1455 (44) 
2111 (64) 
185(57) ) 
2688 (81) 

Obesity y 
Class>> II£35.0) 

128(7) ) 
39.3 3 

57.5(11.3) ) 
511 (40) 
112(88) ) 
433 (34) 
511 (41) 
888 (69) 
744 (59) 

1100 (86) 

P*-- value 

<0.001 1 
<0.001 1 

0.07 7 
0.93 3 
0.62 2 

<0.001 1 
0.24 4 
0.05 5 

Education:: <0.001 
Lesss than high school (%) 149 (25) 173 (21) 86 (26) 38 (31) 
Completee High school (%) 218 (37) 339 (42) 144 (44) 62 (50) 
Somee College (%) 218(37) 301(37) 96(29) 24(19) 
Incomee f # (dollars) 3Ê 
Diabetess (%) 
Noncardiacc Comorbiditŷ  (% 

Pastt Cardiac History 
Previouss MI (%) 
Angina a 
Hypertensionn (%) 
CHFF (%) 

Regularr Use of Medication 
Aspirinn (%) 
lipi dd Lowering Drug (%) 

S6288 (13325) 
833 (14) 

)1688 (28) 

1666 (27) 
1499 (25) 
2411 (40) 
25(4) ) 

1922 (32) 
388 (6) 

Characteristicss of Index Hospitalization 
CHFF (%) 
VTT (%) 
Thrombolyticc Therapy (%) 

966 (16) 
866 (14) 

2122 (35) 

386033 (13481) 
1455 (17) 
1900 (23) 

2299 (28) 
2100 (25) 
3588 (43) 
31(4) ) 

2955 (35) 
68(8) ) 

1033 (12) 
999 (12) 
3199 (38) 

380111 (12304) 
977 (29) 
677 (20) 

988 (30) 
90(27) ) 
1711 (52) 
16(5) ) 

115(35) ) 
22(7) ) 

544 (16) 
311 (9) 

1111 (34) 

361644 (12255) 
333 (26) 
322 (25) 

399 (31) 
322 (25) 
688 (53) 
10(8) ) 

377 (29) 
11(9) ) 

18(14) ) 
14(11) ) 
411 (32) 

0.24 4 
<0.001 1 

0.05 5 

0.72 2 
0.84 4 

<0.001 1 
0.20 0 

0.29 9 
0.48 8 

0.18 8 
0.18 8 
0.27 7 

MI ,, myocardial infarction; CHF, congestive heart failure; VT, ventricular tachycardia * P values for 
binaryy and continuous variables derive from exact tests and ANOVA, respectively, f Mean values with 
SDD are shown for continuous variables. ^Noncardiac comorbidity included a previous history of 
stroke,, cancer, gasttointesitinal disease, renal disease, or respirator}- disease. § <1 episode/week of 
Exertionn >6 MET. 

#Householdd income was derived from zip codes according to 1990 United States Census Bureau data. 
Off  1898 participants, missing values; race: 22; education: 14, previous MI : 14; current and former 
smoking:: 22; tea consumption: 32 and income: 59. 
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8322 (44) 
3104 4 
117 7 
87 7 
38 8 

3311 (17) 
1210 0 
58 8 
41 1 
48 8 

1288 (7) 
455 5 
23 3 
17 7 
51 1 

Tablee 2. Hazard Ratios for All-Cause Mortality following acute MI according to BMI (kg/m ) 

Normall  Overweight Obesity Class Obesity Class P-value 
18.5-24.99 25.0-29.9 1(30.0-34.9) II&II I (£35.0) for trend 

HRR (95% CI) HR (95% CT) HR (95% CI) 

Numberr at risk (%) 607 (32) 
Person-yearss of follow-up 2193 
Totall  deaths (n=311) 113 
Cardiovascularr deaths 90 
Incidence/10000 person years 51 

I.. All Cause Mortality 
Age/sex/racee Adjusted 0.96(0.74-1.26) 1.44(1.04-2.01) 1.62(1.02-2.57) 0.01 
Model l 
Modell  1*  0.90(0.68-1.18) 1.23(0.87-1.74) 1.38(0.86-2.22) 0.13 
Model22 j 1.14 (0.80-1.61) 1.44 (0.94- 2.22) 1.50 (0.80-2.80) 0.08 

II.. Cardiovascular mortality 
Model2ff  1.19 (0.80-1.76) 1.50 (0.91-2.46) 1.60 (0.78-3.26) 0.08 

**  The covariates included age, sex, race, current smoking, former smoking, use of thrombolytic 
therapy,, exertion of episode/week of > 6 MET (<1, 1-4, > 5), usual alcohol consumption of 
servings/weekk (none, <7, in >7), usual tea consumption in cups/ week (none, <14, > 14), educational 
attainmentt (< high school, high school, some college), household income. 
ff  Adjusting for the same covariates as model 1, and excluding participants with nonncardiac comorbidity 
(includedd a previous history of stroke, cancer, gastrointesitinal disease, renal disease, or respiratory 
disease) ) 

Off  the 1898 eligible patients, 311 (16%) died during a median (and mean) follow-up of 

3.88 years. Among these deaths, 110 patients had some non-cardiac co morbidity Table 

22 shows the relationship of BMI category to total mortality. In age-sex and race-

adjustedd analyses, we found a graded relationship between higher BMI and mortality 

(p-value== 0.01 for linear trend). Additional adjustment for known risk factors still 

showedd a graded association that did not reach statistical significance (p-value, 0.13). 

Becausee weight loss among patients with non-cardiac illness may bias the association of 

BMII  with mortality we repeated our analyses excluding such patients. After excluding 

4577 patients with noncardiac co morbidity, a clear linear relationship of borderline 

statisticall  significance (p-trend= 0.08) between increasing BMI and all-cause mortality 

becamee apparent (Table 2, model 2). When we compared the all cause mortality rate 

amongg all obese patients (regardless of obesity class) to normal weight patients (Figure), 

obesityy was associated with a hazard ratio for post-MI mortality of 1.46 (95% CI, 0.98-
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Relativee risk of all -cause mortality following acute myocardial infarction among normal weight, 
overweightt and obese patients 

0.5 5 

P-vaJuee for trend - n.Ofj 

1.46 6 

O O 
1.14 4 

m m 

Normall  Weight 

1K.5-24.99 kg/m2 

Overweight t 

25,0-29-22 kg/m2 

Obese e 

'30.00 kg/m2 

Relativee risk of all-cause mortality following acute myocardial infarction among normal weight, overweight 
andd obese patients free of non-cardiac comorbidity (stroke, cancer, gastro-intestinal disease, renal disease, 
orr respiratory disease). Adjusted for age, sex, race, current smoking, former smoking, use of thrombolytic 
therapy,, exertion of episode/week of >6 MRT (<1, 1-4, > 5), usual alcohol consumption of servings/ 
weekk (none, <7, in > 7), usual tea consumption in cups/ week (none, <14, > 14), educational attainment 
(<< high school, high school, some college), and household income. 

2.17).. When we assessed BMI as a continuous variable, we found a hazard ratio of 1.03 

forr each 1 kg/m increment in BMI (95% CI for the hazard ratio, 0.99- 1.06). 

Too evaluate the robustness of our findings, we performed several sensitivity analyses. 

Althoughh the risk of mortality seemed to be higher in males and in subjects less than 65 

yearss old, we did not find an interaction of significance. Among patients that were never 

orr former smokers, the hazard ratios for mortality were non-graded with respect to their 

BMII  category. However, the risk of mortality across BMI categories was higher among 

currentt smokers and increased with increasing BMI (p-value = 0.02 for trend). The 

hazardd ratio for total mortality among current smokers was 4.51 (95% CI, 1.42 -14.3) in 

obesityy class >I1, compared to 1.18 (95%) CI, 0.42 - 2.58) for former smokers. 

Comparedd to our multivariate model, further simultaneous adjustment for diabetes, 
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hypertension,, history of previous MI or CHF, that may mediate the association between 

BMII  and mortality- attenuated the hazard ratios by 8, 12 and 20 percent for the three 

BMII  categories, respectively (p-value for trend for the further adjusted model = 0.2) 

Discussion n 

I nn this multicenter, prospective study of early survivors of acute MI followed for an 

averagee of 3.8 years, we found that BMI had a positive, graded relationship with post-

M ii  mortality of borderline statistical significance. The association was most apparent 

amongg patients free of major non-cardiac comorbid conditions at baseline. This 

associationn remained essentially similar after adjustment for sociodemographic and 

clinicall  characteristics. 

Recentt data from the 1999-2000 National Health and Nutrition Examination Survey 

(NHANES),, documented that the age-adjusted prevalence of obesity (BMI >30) among 

USS adults is 30.5% (14). Although excess adiposity appears to increase the risk of mortality 

inn the general population (1), its importance among patients with established CHD is less 

clearlyy defined. Recently Rea et al. showed that patients with established CHD had increased 

riskk of recurrent coronary events, with increased BMI (15). Kaplan et al. (6) reported a 

U-- shaped relationship between BMI and death among survivors of first MI . However 

theirr analysis lacked information on some important obesity and cardiovascular risk 

factors,, such as physical exertion (16) and socioeconomic status (17). In another study 

Hoitt et al. (7) did not find any significant association between BMI and post MI mortality' 

amongg patients less than 65 years of age. However they included patients with BMI of 

<188 Kg /m ,who may have non-cardiac comorbidity; in their referent group (18). 

Studiess evaluating the relationship between BMI and mortality are often limited by 

uncontrolledd or residual confounding by smoking (19), pre-existing disease at baseline 

(20),, socioeconomic status or inappropriate control for mediating factors (17). In our 

multivariatee model, we adjusted for commonly known risk factors such as smoking, 

exercise,, race, income, and education. We also control led for alcohol and tea 

consumption,, which have recently been shown to have a protective effect on post-MI 

mortalityy (21,22). Because there is an increased risk of mortality in an underweight 
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9 9 

patientt population (18),we chose normal BM1 (18.5-24.9 kg /m ) as our referent group. 

Givenn the increased risk of mortality, and recurrent coronary events (15) among obese 

patientss with CHD, more aggressive interventions are required for secondary 

prevention.. Observational studies regarding weight loss in overweight and obese 

populationn have shown mixed results (23). A recent prospective, randomized, controlled 

studyy (24) examined the effect of a short-course cardiac rehabilitation and prevention 

programm on short- and long- term exercise capacity, quality of lif e and body 

anthropometryy in obese patients with CHD who had a recent acute MI or had 

undergonee percutaneous coronary intervention. Although they showed improvement 

inn exercise capacity and quality of life, there was no significant change in BMT and 

theyy did not assess the effect of the intervention on long term morbidity or mortality. 

Ass with any observational study, the associations we observed could be accounted for, 

att least in part, by differences between normal weight and obese patients in 

characteristicss other than BMI itself. For example, obese patients might have been 

instructedd to be relatively more physically active and may have received more aggressive 

counselingg on smoking cessation. We do not have information on how Onset study 

part ic ipantss may have changed their lifestyle habits following hospital izat ion. 

Confoundingg by changes in exercise and in smoking habits may have led us to 

underestimatee or overestimate the difference between normal weight and obese patients. 

Anotherr limitation of our study is that only 24% of our patients were in the obese and 

veryy obese categories. Thus, there were fewer total person-years of follow-up in these 

categoriess than in the normal and overweight categories, although the average duration 

off  follow-up was similar for all four BMI categories examined. Obese patients 

accountedd for only 81 deaths during follow-up. This tended to limi t the precision of 

ourr relative risk estimates and limited the statistical power of our study. Despite our 

inclusionn of frequency of physical exertion, educational attainment, race, and median 

householdd income by Z I P code of residence in the multivariate model, residual 

confoundingg by these factors (as well as by unmeasured factors) may exist.. We had 

incompletee information regarding diagnosis of patients with hypercholestrolemia and 

thee diagnosis was based on patient's use of hypolipidemic agents in the early statin era, 

thuss underestimating the degree to which hypercholestrolemia may have mediated the 
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effectss of BMI in our population. This limitation would not change the validity of the 

underlyingg association between BMI and mortality, however. 

Anotherr issue inherent in any study with an end point of all-cause mortality is that the 

independentt variable is usually unlikely to influence all causes of death. In this case, 

relativee risks associated with obesity are generally lower for all-cause mortality than 

forr specific diseases (25,26). Importantly, mortality is only a part of the substantial 

burdenn of obesity conferred by obesity-related conditions such as diabetes, hypertension 

andd nonfatal cardiovascular disease (20). Thus, the overall disease burden of obesity, 

whichh includes both morbidity and mortality, may be underestimated in our study. 

Inn summary, we found that BMI had a positive, graded relationship with post-MI mortality. 

Thee association was stronger among patients free of major non-cardiac comorbid 

conditionss at baseline. This association remained essentially similar after adjustment for 

sociodemographicc and clinical characteristics. Whether specific weight reduction and 

secondaryy prevention strategies could reverse this effect in obese patients with myocardial 

infarctionn requires further evidence from well-conducted randomized trials. 
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