
EDITORIAL 

The Mona Lisa smiles: 
Impact of risk factors for coronary 

artery disease in women 

What was Mona Lisa smiling about? For 
hundreds of years scholars and poets 
have speculated about what thought 
inhabited the mind of the woman 

who posed with the most enigmatic smile in history. 
Enigmatic too, is the significance of gender relative 
to the biologic traits and behaviors that contribute 
to the development and progression of coronary ar-
tery disease.1 Does gender in and of itself impart risk? 
Anita Zeiler Arnold, DO and colleagues2'3 probe this 
mystery in two papers that retrospectively analyze 
the large database of patients who underwent car-
diac catheterization at the Cleveland Clinic. Their 
results corroborate several previously observed find-
ings, question others, provide some new insights, 
and point out several issues that need further inves-
tigation. 

• See Arnold and Underwood, p. 387, and Arnold and Moodie, p.393 

Arnold and Underwood2 found by stepwise logis-
tic regression that older age, diabetes, long-standing 
hypertension, elevated total serum cholesterol lev-
els, cigarette smoking, and a family history of coro-
nary artery disease constitute the major risks for 
women. These findings differ notably from the clas-
sic Framingham profile, in which women aged 35 to 
64 years were more vulnerable to high systolic blood 
pressure (but not the duration of the systolic hyper-
tension), high blood glucose levels, and excess 
weight. Although cigarette smoking was highly cor-
related in men, it was not a significant risk factor in 
women in the Framingham experience.4 Arnold and 
Underwood2 did not find body weight to constitute 

a risk, possibly due to the confounding influence of 
cigarette smoking in this population. This finding is 
consistent with the tendency of smokers to weigh 
less than nonsmokers,5 and for weight gain to occur 
after smoking cessation,6 but is inconsistent with the 
findings of many other studies. Perhaps, for women, 
weight per se is not as important as the distribution 
of body fat.7"9 

Arnold and Moodie3 address the issue of gender 
differences in coronary disease of young women (< 
30 years). They identify smoking, a positive family 
history, insulin-dependent diabetes, long duration 
of hypertension, oral contraceptive use, and ele-
vated total serum cholesterol levels as the major 
risks on the basis of univariate analysis. Follow-up 
was available in most of the women identified (9.8 
± 6.4 years). In general, prognosis for these patients 
was good. Only 7% had a subsequent myocardial 
infarction and only one patient has required repeat 
bypass surgery.9 All the patients who died had hy-
pertension and 80% had nephropathy requiring di-
alysis. 

One prevailing finding in both men and women 
is that the greater the number of risk factors, the 
greater the risk of developing coronary artery dis-
ease. While individual risk factors are nominally the 
same, there appears to be a greater impact in women 
when multiple risk factors are present. For example, 
a 55-year-old woman who smokes and has elevated 
cholesterol and high blood pressure has roughly 
three times the normal risk for a subsequent myocar-
dial infarction, whereas a 5 5-year-old man with the 
same risk factors has only twice the normal risk.10 

The Cleveland Clinic data are derived from a 
time when cholesterol fractionation into low-den-
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sity lipoprotein (LDL) and high-density lipoprotein 
(HDL) subtypes was not commonly performed clini-
cally. Thus, the analyses are restricted to total cho-
lesterol values. In Arnold and Underwood's2 overall 
population, 52.5% of women with coronary 
atherosclerosis had total cholesterol levels greater 
than 250 mg/dL, but 34% of women without CAD 
also had similarly high levels. Why do so many 
women without CAD have high total cholesterol 
levels? Conversely, why do so many women with 
CAD not have high cholesterol levels? Some of this 
discrepancy relates to the definition of what consti-
tutes coronary artery disease. However, the Fram-
ingham data also show an overlap in total choles-
terol levels related to the subsequent occurrence of 
acute myocardial infarction.11,12 These observations 
emphasize the value of measuring HDL and LDL 
subtypes. Interestingly, only one woman with less 
than 50% obstruction (ie, "normal" in this series) 
had a total cholesterol level in excess of 350 mg/dL, 
whereas 27 women (5.5%) with similarly high levels 
had coronary artery disease. 

In women, elevated total cholesterol levels are 
often age-dependent. A high total cholesterol level 
in a woman in her third decade often reflects the 
presence of a high HDL level. In Arnold and 
Moodie's3 younger patients with coronary 
atherosclerosis the mean cholesterol value was 259 
mg/dL (range 155 to 500 mg/dL). In the patients 
who did have fractionation performed, the average 
HDL level was 49 mg/dL (range 29 to 78 mg/dL) 
and the LDL level averaged 178 mg/dL (range 120 
to 305 mg/dL). The Framingham data suggest that a 
total-to-HDL cholesterol ratio exceeding 7.5 poses 
the same risk in men and women.10 In Arnold and 
Moodie's3 study of young women, the total-to-HDL 
cholesterol ratio overall was only 5.2, probably re-
flecting the higher HDL values normally observed 
in the young. HDL appears, however, to still be a 
better single predictor of subsequent coronary 
events in women than in men.13 

Triglycerides were not a major focus of these two 
papers, but this lipid entity most likely ties together 
findings concerning the importance of obesity, dia-
betes, and, possibly, high blood pressure of long du-
ration. Central or truncal obesity is associated with 
both higher blood pressure and hyperinsulinemia, 
which is thought to result in increases in athero-
genic lipoproteins and decreases in HDL.14 The im-
portance of obesity as a determinant of coronary 
artery disease in women was confirmed in a prospec-

tive cohort study of 115 886 U.S. women 30 to 55 
years of age. In this study, after controlling for ciga-
rette smoking, the investigators found that even 
mild-to-moderate obesity increased the risk of coro-
nary disease.15 

In the Framingham experience, obesity was often 
associated with increased coronary artery disease 
risk in women,4 and contrary to the case in men, 
triglyceride levels appeared to contribute to risk, at 
least in older women.10 The Framingham data fur-
ther suggest that the impact of diabetes is greater for 
women than for men and varies with the number of 
accompanying risk factors.16 This is confirmed in the 
Rancho Bernardo Study, in which the relative haz-
ard of ischemic heart disease death in patients with 
diabetes compared with patients without diabetes 
was 1.9 in men, but 3.3 in women, after adjusting for 
age, systolic blood pressure, cholesterol, body mass 
index, and cigarette smoking using the Cox regres-
sion model.17 

In a study of young adult men and women aged 20 
to 24 years, multivariate analysis revealed fasting 
serum insulin to be an independent predictor of 
systolic blood pressure.18 In a large epidemiological 
survey, compared with younger women, post-
menopausal women had higher plasma triglyceride 
and cholesterol levels, higher total-to-HDL choles-
terol ratios, higher insulin levels, higher body mass 
index, and higher waist-to-hip ratios. Age-related 
changes in men were absent or less marked in this 
study. These investigators developed a case for insu-
lin as a mediating factor in several coronary risks.19 

Cigarette smoking in women is an especially seri-
ous risk,20 with important biologic and social impli-
cations. The prevalence of smoking in Arnold's se-
ries was 36% in women with CAD and 14% in 
women without CAD (P < .001 ).2 In her series of 
young patients with infarction, 71.8% smoked.9 

This serious association has been reported earlier.21,22 

Cigarette smoking carries increased hazards for 
young women because it is often accompanied by 
oral contraceptive use, a combination that promotes 
thrombogenesis.1,23 

Young women constitute the major group in 
which the prevalence of smoking is increasing.24"26 

The reasons for this are complex.27 First, more than 
one third of women who smoke perceive that they 
must smoke to control their weight,4 and more than 
two thirds believe they will gain weight if they 
quit.5,28 Browse through almost any women's maga-
zine and you will see advertising29 that equates smok-
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ing with attractiveness, social desirability, and even 
feminine self-assertion and independence.27 There is 
evidence that cigarette advertising in magazines is 
associated with diminished coverage of the hazards of 
smoking, particularly in magazines directed to 
women.30 "Low yield" cigarettes, which are specifi-
cally targeted at women with the implication that 
lower levels of tar and nicotine are safer, have been 
shown not to impart a lower risk of a first nonfatal 
myocardial infarction than higher-yield brands.31 

Cigarette smoking is a good example of a modifi-
able risk in which there is strong interplay between 
the biology of gender and social behavior and in 
which the risk of coronary artery disease associated 
with an apparently inherited predisposition may be 
substantially modifiable.32 This interplay may be 
relevant to other risks, including socioeconomic fac-
tors, educational attainment, social roles, physical 
activity, and stress. Although many articles about 
stress have appeared in the popular literature, and 
stress appears a major health concern of women,33 

very little prospective research has been published 
that characterizes the nature of stress as a coronary 
artery disease risk for women. 

Until recently, conventional wisdom held that 

REFERENCES 

1. Leaf DA. Women and coronary artery disease. Gender confers 
no immunity. Postgrad Med 1990; 87 (7 ) :55 -60 . 

2. Arnold A, Underwood D. Coronary artery disease in women: a 
risk-factor analysis. Cleve Clin J Med 1993; 6 0 : 387-392. 

3. Arnold A, Moodie D. Coronary artery disease in young women: 
risk factor analysis and long term follow-up. Cleve Clin J Med 
1993; 60 :393-398 . 

4. Gordon T, Castelli W, Hjortland M, Kannel W, Dawber T. 
Diabetes, blood lipids, and the role of obesity in coronary heart 
disease risk for women. Ann Intern Med 1977; 87 :393-397. 

5. Willett W, Stampfer MJ, Bain C, et al. Cigarette smoking, 
relative weight, and menopause. Am J Epidemiol 1983; 1 1 7 : 6 5 1 -
658. 

6. Moffatt R] , Owens SG. Cessation from cigarette smoking: 
changes in body weight, body composition, resting metabolism, 
and energy consumption. Metabolism 1991; 40 :465-470 . 

7. Lapidus L, Bengtsson C, Larsson B, Pennert K, Rybo E, Sjos-
trom L. Distribution of adipose tissue and risk of cardiovascular 
disease and death: a 12 year follow up of participants in the 
population study of women in Gothenburg, Sweden. Br Med J 
1984 ;289 :1257-1261 . 

8. Freedman DS, Jacobsen SJ, Barboriak JJ, et al. Body fat distri-
bution and male/female differences in lipids and lipoproteins [see 
comments]. Circulation 1990; 81 :1498-1506. 

9. Larsson B, Bengtsson C, Bjorntorp P, et al. Is abdominal body 
fat distribution a major explanation for the sex difference in the 
incidence of myocardial infarction? The study of men born in 
1913 and the study of women, Goteborg, Sweden. Am J Epidemiol 
1992; 135:266-273. 

10. Kannel W B . Metabolic risk factors for coronary heart disease in 

risk factors for coronary disease are similar in women 
and men, except for those that affect only women 
such as menopause and the use of oral contracep-
tives and postmenopausal hormones.34"36 A vari-
ation of this theme is that although men and women 
share a number of coronary risk factors, the overall 
impact of these factors on the incidence and clinical 
manifestations of coronary artery disease may differ 
between the sexes.37-39 However, the more we learn, 
the more valid appears Leaf's40 observation that gen-
der differences do exist in most risk factors, and that 
an appreciation of these differences is important to 
better prevent coronary artery disease in women and 
to define directions for future research. 

With the passage of time, our understanding of 
gender differences in coronary artery disease im-
proves and the enigma appears to resolve. No matter 
how clever we are, however, or how many riddles we 
solve, many more mysteries remain. Maybe that is 
the message behind Mona Lisa's smile. 

FREDRIC J. PASHKOW, MD 
Medical Director, Cardiac Health Improvement 
and Rehabilitation Program 
Department of Cardiology 
The Cleveland Clinic Foundation 

women: perspective from the Framingham Study. Am Heart ] 
1987; 114:413-419. 

11. Castelli WP, Abbott RD, McNamara PM. Summary estimates 
of cholesterol used to predict coronary heart disease. Circulation 
1983; 67 :730-734 . 

12. Castelli WP, Garrison RJ, Wilson PW, Abbott RD, Kalousdian 
S, Kannel WB. Incidence of coronary heart disease and lipopro-
tein cholesterol levels. The Framingham Study. JAMA 1986; 
256 :2835-2838. 

13. Jacobs D Jr, Mebane IL, Bangdiwala SI, Criqui MH, Tyroler 
HA. High density lipoprotein cholesterol as a predictor of car-
diovascular disease mortality in men and women: the follow-up 
study of the Lipid Research Clinics Prevalence Study. Am J 
Epidemiol 1990; 131 :32-47 . 

14- Dustan HP. Coronary artery disease in women. Can J Cardiol 
1990; 6 :19B-21B. 

15. Manson JE, Colditz GA, Stampfer MJ, et al. A prospective 
study of obesity and risk of coronary heart disease in women [see 
comments]. N Engl J Med 1990; 322 :882-889 . 

16. Kannel WB. New perspectives on cardiovascular risk factors. 
Am Heart J 1987; 114 :213-219 . 

17. Barrett-Connor EL, Cohn BA, Wingard DL, Edelstein SL. 
Why is diabetes mellitus a stronger risk factor for fatal ischemic 
heart disease in women than in men?The Rancho Bernardo Study 
(published erratum appears in JAMA 1991 265:3249) . JAMA 
1991; 265 :627-631 . 

18. Donahue RP, Orchard TJ , Becker DJ, Kuller LH, Drash AL. 
Sex differences in the coronary heart disease risk profile: a possible 
role for insulin. The Beaver County Study. Am J Epidemiol 1987; 
125:650-657. 

19. Razay G, Heaton KW, Bolton CH. Coronary heart disease risk 
factors in relation to the menopause. Q J Med 1992; 85 :889-896 . 

SEPTEMBER . OCTOBER 1993 CLEVELAND CLINIC JOURNAL OF MEDICINE 4 1 3 

 on July 20, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


20. Willett WC, Green A, Stampfer MJ, et al. Relative and abso-
lute excess risks of coronary heart disease among women who 
smoke cigarettes. N Engl J Med 1987; 317:1303-1309. 

21. Rosenberg L, Kaufman DW, Helmrich SP, Miller DR, Stolley 
PD, Shapiro S. Myocardial infarction and cigarette smoking in 
women younger than 50 years of age. JAMA 1985; 253:2965-
2969. 

22. La Vecchia C, Franceschi S, Decarli A, Pampallona S, Tognoni 
G. Risk factors for myocardial infarction in young women. Am J 
Epidemiol 1987; 125:832-843. 

23. Goldbaum GM, Kendrick JS, Hogelin GC, Gentry EM. The 
relative impact of smoking and oral contraceptive use on women 
in the United States. JAMA 1987; 258:1339-1342. 

24- Remington PL, Forman MR, Gentry EM, Marks JS, Hogelin 
GC, Trowbridge FL. Current smoking trends in the United 
States. The 1981-1983 behavioral risk factor surveys. JAMA 
1985; 253:2975-2978. 

25. Pierce JP, Fiore MC, Novotny TE, Hatziandreu EJ, Davis RM. 
Trends in cigarette smoking in the United States. Projections to 
the year 2000. JAMA 1989; 261:61-65. 

26. Lipsitz CM. Have you come a long way, baby? Smoking trends in 
women. Md Med J 1993; 42:27-31. 

27. Woodbridge M. Why do women smoke? Nurs Prax N Z 1992; 
7:15-20. 

28. Williamson DF, Madans J, Anda RF, Kleinman JC, Giovino GA, 
Byers T. Smoking cessation and severity of weight gain in a 
national cohort [see comments]. N Engl J Med 1991; 324:739-745. 

29. Amos A, Jacobson B, White P. Cigarette advertising policy and 
coverage of smoking and health in British women's magazines [see 
comments]. Lancet 1991; 337:93-96. 

30. Warner KE, Goldenhar LM, McLaughlin CG. Cigarette adver-
tising and magazine coverage of the hazards of smoking. A statis-
tical analysis. N Engl J Med 1992; 326:305-309. 

31. Palmer JR, Rosenberg L, Shapiro S. "Low yield" cigarettes and 
the risk of nonfatal myocardial infarction in women. N Engl J Med 
1989;320:1569-1573. 

32. Khaw KT, Barrett-Connor E. Family history of heart attack: a 
modifiable risk factor? Circulation 1986; 74:239-244. 

33. Walters V. Women's views of their main health problems. Can J 
Public Health 1992; 83:371-374. 

34. Castelli WP. Epidemiology of coronary heart disease: the Fram-
ingham study. Am J Med 1984; 76(2A):4-12. 

35. Stokes J 3rd, Kannel WB, Wolf PA, Cupples LA, D'Agostino 
RB. The relative importance of selected risk factors for various 
manifestations of cardiovascular disease among men and women 
from 35 to 64 years old: 30 years of follow-up in the Framingham 
Study. Circulation 1987; 75(6 Pt 2):V65-73. 

36. Eaker ED, Packard B, Thom TJ . Epidemiology and risk factors 
for coronary heart disease in women. Cardiovasc Clin 1989; 
19:129-145. 

37. Das BN, Banka VS. Coronary artery disease in women. How it 
is—and isn't—unique (published erratum appears in Postgrad 
Med 1992 Jun; 91(8) :76). Postgrad Med 1992; 91(4) :197-200. 

38. Pashkow F, Libov C. The Woman's Heart Book: The complete 
guide to keeping your heart healthy and what to do if things go 
wrong. New York: Dutton, 1993:358. 

39. Corrao JM, Becker RC, Ockene IS, Hamilton GA. Coronary 
heart disease risk factors in women. Cardiology 1990; 77:8-24. 

40. Leaf DA. A woman's heart. An update of coronary artery disease 
risk in women. West J Med 1988; 149:751-757. 

4 1 4 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 60 « NUMBER 5 

 on July 20, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

