ORIGINAL STUDY

Coronary artery disease in young women:
risk factor analysis and long-term follow-up
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B BACKGROUND Heart disease is the leading cause of death

in women of all ages in the United States, but data on coronary
disease in young women remains sparse.

OBJECTIVE To identify and follow up a cohort of young
women referred for the evaluation of coronary disease.

METHODS Retrospective review of the medical records.

RESULTS Thirty-two women younger than 31 years met

the entry criteria. The average age was 28 2.4 years, 28% had
insulin-dependent diabetes mellitus, 38% had hypertension, 6%
had congenital heart disease, 38% had a family history of coro-
nary artery disease, 72% were smokers, and 28% used oral contra-
ceptives. Serum cholesterol levels were > 5.17 mmuol/L (200
mg/dL) in 71%, and the mean cholesterol level was 6.70 + 2
mmol/L (259 + 78 mg/dL). Resting electrocardiographic results
were abnormal in 28 women (88%), 22 of whom had evidence of
transmural myocardial infarction. Follow-up averaged 9.8 * 6.4
years. Five patients died, all of whom had hypertension, and 4 of
whom had diabetic nephropathy and required dialysis.

CONCLUSIONS Risk factors for coronary disease in young
women include hypertension, hypercholesterolemia, diabetes
mellitus, familial coronary disease, and smoking. Long-term
prognosis is excellent for those without advanced diabetes
mellitus and renal failure.
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EPORTS OF CORONARY

disease in young persons

appeared as early as

1951.! During the Ko-
rean war, Enos and colleagues’ re-
ported a 77.3% prevalence of gross
coronary atherosclerosis in an
autopsy series of 300 American sol-
diers aged 18 to 48 years (mean age
22.1 years).

W See editoridl, p. 411

Before this report in 1953, coro-
nary atherosclerosis had been con-
sidered a disease of middle-aged
and older men. Since then, numer-
ous authors have examined coro-
nary atherosclerosis in young
adults.** Definitions of “young”
have varied from less than 65 years
old in the Framingham study’ to 21
to 30 years old in other studies.?
However, all these reports describe
risk factor profiles and angio-
graphic data for a population of
predominantly male subjects.
There is a paucity of data concern-
ing coronary artery disease in
women in general, and in young
women in particular. This is de-
spite World Health Organization
data showing that more women in
the United States die of heart dis-
ease than of any other cause.’
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This study describes a group of women younger
than 31 years old who were referred to our institu-
tion for the evaluation of coronary artery disease or
documented myocardial infarction between 1970
and 1991. Some were followed up for almost 20
years, and all were evaluated with coronary angiog-
raphy. We summarize their risk factor profiles and
follow-up data.

METHODS

Using a computerized database of discharge diag-
noses, we identified all female patients aged 30 years
or younger who had coronary atherosclerosis as their
discharge diagnosis from 1970 through 1991. There
was no specific lower age limit. Only women who
had evidence of myocardial infarction or coronary
artery disease without congenital anomalies of the
coronary arteries were included. We defined coro-
nary artery disease as stenosis greater than 50% in at
least one major epicardial artery, and we defined
myocardial infarction by World Health Organiza-
tion criteria, which include characteristic enzyme
elevations, chest pain, and electrocardiographic
changes. All patients had undergone coronary arte-
riography as part of their evaluation.

We reviewed the medical records and abstracted

information on age, weight, blood pressure, choles-
terol level, smoking history, and family history of
coronary artery disease. We noted the presence or
absence of hypertension, diabetes mellitus, and
chronic renal failure, and whether the patient used
oral contraceptives. We coded the resting electro-
cardiographic results, and reviewed the angio-
graphic data. We also noted the presence of single-
vessel or multivessel disease, as well as which vessels
were affected. Left ventricular function had been
evaluated by angiography and assessed qualitatively
in all cases, and if the films were of suitable quality,
left ventricular ejection fractions were calculated.
Follow-up data were obtained through telephone
contact with the patient or with a relative if the
patient was dead. If the patient had died in the
follow-up period, a cause of death was determined
from autopsy reports or clinical information, when
available. We classified the cause of death as cardiac
or noncardiac for the purposes of follow-up. The
patient’s history of intervening procedures (repeated
coronary angiography, coronaty bypass grafting,
angioplasty) or cardiac events (myocardial in-
farction, angina pectoris) was also reviewed.
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Definitions

We considered hypertension to be present if the
patient had two or more systolic readings higher
than 140 mm Hg or two or more diastolic readings
higher than 90 mm Hg, or if she was currently un-
dergoing treatment for hypertension. Diabetes mel-
litus was considered present if the patient was taking
insulin or an oral hypoglycemic agent at the time of
evaluation, if she had a history of abnormal glucose
tolerance tests, or if her initial fasting blood glucose
level was greater than 140 mg/dL. A positive family
history of coronary disease was defined as a diagnosis
of coronary atherosclerosis in a first-degree relative
before the age of 60. Patients were considered smok-
ers if they had ever smoked, and we calculated the
number of pack-years. A history of myocardial in-
farction was recorded if there was electrocardio-
graphic evidence of transmural myocardial in-
farction or if the medical records documented chest
pain, characteristic enzyme changes, and abnormal
electrocardiographic results as defined by the World
Health Organization. The coding categories for the
resting electrocardiographic results were “normal,”
“evidence of myocardial infarction” (pathologic Q
waves), “nonspecific ST-T wave changes,” and
“other,” which included atrioventricular or bundle
branch blocks or other arrhythmias. Chronic renal
failure indicated dialysis dependence.

Statistics
All values are presented as the mean + one stand-
ard deviation.

RESULTS

Thirty-two patients met the study entry criteria.
Their average age was 28 £ 2.4 years (range 18 to 30
years). At baseline, 9 (28%) had insulin-dependent
diabetes mellitus for a mean duration 18 * 8.2 years
(range 15 to 22 years), 12 (38%) had hypertension
for a mean duration of 8 + 4 years (range 4 to 14
years), and 2 (6%) had congenital heart disease
(one had a repaired atrial septal defect 20 years prior
to our evaluation, and one had a bicuspid aortic
valve). Twenty-three patients (72%) smoked, and
they had an average of 12 x 10 pack-years of expo-
sure (range 1 to 45 pack-years). Oral contraceptives
were used by 9 women (28%) for an average of 4
2.5 years (range 1 to 10 years). Most of the patients
(69%) were initially in Canadian functional class I
ot II. A history of familial coronary artery disease
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TABLE
CHARACTERISTICS OF WOMEN WHO DIED DURING FOLLOW-UP
E L
Chronic Family history Cholesterol Left
renal  Diabetes  of coronary Follow-up  level ventricular Ejection

Age (y) Hypertension failure  mellitus disease Smoker (y) (mg/dL)  dysfunction fraction(%)

29 Yes Yes Yes No Yes 1.8 180 Severe 33

30 Yes Yes Yes Yes No 0.3 263 Moderate 23

24 Yes No No No Yes 0.7 309 Moderate

26 Yes Yes Yes Yes No 20 305 Normal 69

26 Yes Yes No No No 2.0 215 Mild

was found in 12 of the patients (38%).

Cholesterol data were available for 28 of the pa-
tients (88%). The mean fasting serum cholesterol
level was 6.70 = 2 mmol/L (259 + 78 mg/dL), the
range was 4 to 12.9 mmol/L (155 to 500 mg/dL), and
20 of the 28 patients (71%) had serum cholesterol
levels greater than 5.17 mmol/L (200 mg/dL).

Data on lipoprotein fractions were available for
12% of the patients (38%). The mean high-density
lipoprotein (HDL) level was 1.26 £ 0.38 mmol/L
(49 £ 15 mg/dL), and the range of HDL levels was
0.74 to 2 mmol/L (29 to 78 mg/dL). The mean LDL
level was 4.6 + 1.65 mmol/L (178 + 64 mg/dL), and
the range of LDL levels was 3.1 to 7.88 mmol/L (120
to 305 mg/dL). Triglyceride data were available for
28 of the patients (88%). The mean serum
triglyceride level was 164 + 86 mg/dL, and the range
of triglyceride levels was 44 to 465 mg/dL.

Resting electrocardiographic results were abnor-
mal in 27 patients (84%), 21 of whom (78%) had
evidence of myocardial infarction, which was the
most common abnormality.

Fourteen patients (44%) had angiographic evi-
dence of single-vessel disease: 10 (71%) had left
anterior descending coronary artery stenosis, 2
(14%) had right coronary artery stenosis, and 2
(14%) had circumflex coronary artery stenosis.
There were 14 patients (44%) with multivessel dis-
ease, 8 of whom (57%) had two vessels affected (all
involving the left anterior descending coronary ar-
tery), and 6 of whom (42%) had triple-vessel dis-
ease. Normal coronary arteries were seen in 4 pa-
tients (13%), even though these women had
documented evidence of myocardial infarction by
World Health Organization criteria.

Left ventricular function was normal in 4 patients
(13%), and it was not documented in 1 patient. The
remainder had left ventricular dysfunction, which
was mild in 14 (44%), moderate in 8 (25%), and
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severe in 4 (12%). An ejection fraction had been
calculated in 18 cases (56%). The average ejection
fraction was 53 £ 18%, and the range was 20% to
80%. Thirteen of these patients (72%) had ejection
fractions greater than 40%, and 5 (28%) had ejec-
tion fractions less than 40%. Initial treatment in-
cluded coronary artery bypass grafting for 14 pa-
tients (40%), 13 of whom (93%) had internal
mammary artery grafts.

Long-term results

Follow-up was available for 29 patients (91%) and
averaged 9.8 £ 6.4 years (range 3 months to 19.5
years). Five patients died during the follow-up pe-
riod, 3 (60%) of cardiac causes (second myocardial
infarction with subsequent cardiac arrest), 1 of sepsis
(the patient had brittle diabetes mellitus and severe
triple-vessel disease), and 1 of a presumed cardiac
cause (the patient died in her sleep a few months
after a second myocardial infarction). The patients
who died had significant medical problems: 4 (80%)
had chronic renal failure from diabetes mellitus, and
all of them had hypertension. Three of the patients
(60%) had multivessel disease and 4 (80%) had ven-
tricular impairment at initial presentation. The char-
acteristics of the patients who died are summarized in
the Table.

Including the patients who died of cardiac causes,
there was a 44% incidence of progression of coro-
nary atherosclerosis evidenced by myocardial in-
farction, second cardiac catheterization, need for
coronary artery bypass surgery, or hospitalization for
angina pectoris. As would be expected, the patients
who did the worst over the follow-up period had
other significant medical problems including diabe-
tes mellitus, systemic lupus erythematosus (1 pa-
tient), and Takayasu’s arteritis (1 patient). We at-
tempted to stratify the patients according to their
number of risk factors on initial presentation. Of the
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patients for whom follow-up was available, only one
had no risk factors. She underwent single-vessel by-
pass surgery 12 years ago, and is presently alive and
well without further cardiac events. Seven patients
had four risk factors; four of them had successful
bypass surgery and are alive and well at follow-up,
and three were treated medically and have died. We
were unable to find any correlation between the
number of risk factors on initial presentation and
subsequent outcomes.

All the patients who underwent bypass surgery
were alive and well at the time of follow-up, and all
were in functional class I or II. All of the patients
who died during follow-up had been medically
treated. It is possible that these women, because of
their severe underlying medical diseases, were not
felt to be good surgical candidates.

DISCUSSION

As reported by the World Health Organization in
1991, more women in the United States die of heart
disease than of any other cause.’ It has long been
known that women are relatively protected against
coronary artery disease at least until the meno-
pause,’ but reports of young women with coronary
artery disease are appearing more frequently.!*

Although we can compare our results with those
of similar studies, most of those studies involved
patients older than those in our group, and for the
most part, they involved men. Qur study also in-
cluded angiographic documentation of coronary ar-
tery disease as part of the patient’s evaluation, which
the other studies did not.

Smoking was one of the most common risk fac-
tors found in our study, as 72% of our patients
smoked. This finding is consistent with other re-
ports.’>!¢ Glover et al” found an 89% prevalence of
smoking in 120 patients who had a myocardial in-
farction before age 36, but only 11 of their patients
(8%) were women. Similarly, Al-Yusuf and col-
leagues'® found an 89% prevalence of smoking in 37
patients younger than 40 years, but only 2 of the
patients (5.4%) were women. Smoking appears to
be as powerful a risk factor for the development of
coronary atherosclerosis in young women as it is in
young men.

A positive family history of coronary artery dis-
ease (defined in most studies as premature coronary
atherosclerosis in a first-degree relative) has been
reported to be a risk factor in studies of young pa-
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tients with coronary atherosclerosis,'”*® but the inci-
dence appears to vary considerably. Uhl and Farrell$
found familial coronary artery disease to be the most
important risk factor in their study of 165 patients
younger than 40 years with documented myocardial
infarction. This contrasts with the findings of Al-
Yusuf and colleagues,’® who reported that none of
their young patients with documented myocardial
infarction had a family history of coronary artery
disease. Other estimates fall between 29%° and
48%." Our results are within this range, with 37%
of our young women reporting familial coronary ar-
tery disease.

Although obesity has been reported in some stud-
ies to be a risk factor for the development of coro-
nary artery disease,®?? our patients’ average weight
was 58 £ 9 kg (range 50 to 86.8 kg) and they were
not significantly overweight. Because obesity is
often related to hypertension, hypetlipidemia, and
diabetes mellitus, it is difficult to assess the role of
weight as an independent risk factor.”

Diabetes mellitus is a well-established risk factor
for coronary atherosclerosis,”*? and our results sup-
port this. Twenty-eight percent of our patients were
diabetic (all insulin-dependent), with an average
duration of diabetes of 18 years. It has been theo-
rized that women with juvenile-onset insulin-de-
pendent diabetes do not have the protection that
being premenopausal confers against the develop-
ment of coronary atherosclerosis.”* The disease was
severe in all patients, and most had evidence of
retinopathy, nephropathy, and neuropathy. Three of
the five patients who died had severe diabetes melli-
tus, and four had renal failure.

Hypertension is a well-established risk factor re-
ported in numerous studies.”*” Our group had a 38%
prevalence of hypertension for an average duration
of 8 £ 4 years. Two patients had hypertension related
to vasculitis; the remainder presumably had essen-
tial hypertension. The duration of hypertension
may be as important as the absolute elevation of
pressure: in another study at our institution, which
compared risk factors in women with and without
angiographic evidence of coronary disease (average
age 59 8 years for the women with coronary artery
disease and 55 £ 9 years for the women without
coronary artery disease), hypertension per se was
not statistically significant as a risk factor but the
duration of hypertension between the two groups
was significant (P < 0.001).%

Hyperlipidemia has been recognized as an impor-
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tant risk factor for coronary artery disease in younger
patients.*" In studies of young patients with angiog-
raphic documentation of coronary artery disease,
the prevalence of hyperlipidemia ranged from 14%
in Weinberger’s series”’ (in which 83% of the pa-
tients underwent angiography) to 68% in Davia’s
series’ (in which all of the patients underwent
angiography. Our patients had an average serum
cholesterol level of 6.70 £ 2 mmol/L (259 + 78
mg/dL), and 20 of 28 patients had serum cholesterol
levels greater than 5.17 mmol/L (200 mg/dL). Hy-
perlipidemia (serum cholesterol level greater than
6.5 mmol/L; 250 mg/dL) and smoking occurred to-
gether in 62% of our patients and may be additive
risk factors in young women.

Oral contraceptives have been implicated in
myocardial infarction; vasospasm and subsequent
thrombus formation are the proximate etiologic fac-
tors.”? Underwood and colleagues® described 13
young women aged 21 to 30 years with symptomatic
coronary artery disease and found that 61.5% had
been using oral contraceptives. Other studies with
smaller numbers of women did not report the preva-
lence of oral contraceptive use. We found that 28%
of our patients used oral contraceptives. Of this
group, only one patient had angiographically nor-
mal coronary arteries, suggesting vasospasm was a
cause of her documented myocardial infarction.

Congenital heart disease (other than coronary
artery anomalies) is usually not reported in studies of
young patients with coronary atherosclerosis, sug-
gesting a rare association. In the population we stud-
ied, only 2 patients (6%) had a history of congenital
heart disease: one had an atrial septal defect repaired
20 years earlier, and the other had a bicuspid aortic
valve.

Angiography

Equal numbers of our patients had single-vessel
coronary artery disease or multivessel coronary ar-
tery disease (44% each), and 12% of our patients
had normal coronary arteries. In contrast, other
studies report that single-vessel disease is far more
common than multivessel disease in younger pa-
tients.” The left anterior descending artery was by
far the most commonly involved vessel; it was
stenotic in 71% of the patients with single-vessel
disease and in all of the patients with multivessel
disease. Pahlajani reported left anterior descending
artery involvement in 78% of 92 patients less than
40 years of age, but only two subjects (2.1%) were
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female.’ Weinberger found left anterior descending
artery involvement in 64% of patients less than 30
years of age studied with angiography after myocar-
dial infarction; however, only four subjects (13.3%)
were women.” In our series, the left anterior de-
scending artery was the vessel most commonly in-
volved, followed by the right coronary artery and
the circumflex coronary artery. Only one of our pa-
tients had left main trunk involvement, which is
rarely reported in young patients.?

Left ventricular function was normal or mildly
impaired in 18 of the 31 patients for whom this
information was available (58%); the remainder had
moderate or severe left ventricular dysfunction. This
distribution is somewhat different from other reports,
as left ventricular function is not uniformly reported.
Underwood® commented that 30% of 88 men aged
21 to 30 years with coronary artery disease had nor-
mal function while 70% had abnormal function, but
did not differentiate the degree of abnormality.

Limitations

The limitations of our study are those inherent in
any retrospective analysis, particularly one that in-
cludes 20-year follow-up. The database of discharge
diagnoses from which the study population was
identified may have concealed additional patients
who would have fit the entry criteria. We tried to
avoid this by searching for the diagnoses of “coro-
nary atherosclerosis,” “myocardial infarction,” or
“cardiac catheterization.” The data may also have
been influenced by a referral bias to a tertiary care
facility and may not represent coronary artery dis-
ease in young women in the general population.
Nevertheless, this group of young women helps to
clarify risk factors in women for coronary artery dis-
ease, and defines their long-term prognosis.

CONCLUSIONS

Heart disease is the leading cause of death in
women today, and we must identify and institute
measures to alter risk factors for this population. In
our study we have examined a large group of young
women with angiographically documented coronary
artery disease and found that smoking, family his-
tory, complicated diabetes mellitus, hyperlipidemia,
and hypertension are associated with the develop-
ment of coronary atherosclerosis. Although the use
of oral contraceptives has been implicated in coro-
nary spasm and myocardial infarction, only one of
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the four women in our series with normal coronary
arteries and documented myocardial infarctions
used oral contraceptives.

Follow-up data show that women with advanced
disease at presentation that is accompanied by se-
vere underlying medical illnesses have a limited sur-
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