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Objectives.\p=m-\Todetermine whether elevated serum cholesterol level is associ-
ated with all-cause mortality, mortality from coronary heart disease, or hospitaliza-
tion for acute myocardial infarction and unstable angina in persons older than 70
years. Also, to evaluate the association between low levels of high-density lipopro-
tein cholesterol (HDL-C) and elevated ratio of serum cholesterol to HDL-C with
these outcomes.

Design.\p=m-\Prospective,community-based cohort study with yearly interviews.
Participants.\p=m-\Atotal of 997 subjects who were interviewed in 1988 as part of

the New Haven, Conn, cohort of the Established Population for the Epidemiologic
Study of the Elderly (EPESE) and consented to have blood drawn.

Main Outcome Measures.\p=m-\Therisk factor\p=m-\adjustedodds ratios of the 4-year
incidence of all-cause mortality, mortality from coronary heart disease, and hospi-
talization for myocardial infarction or unstable angina were calculated for the
following: subjects with total serum cholesterol levels greater than or equal to 6.20
mmol/L (\m=ge\240mg/dL) compared with subjects with cholesterol levels less than 5.20
mmol/L (<200 mg/dL); subjects in the lowest tertile of HDL-C level compared with
those in the highest tertile; and subjects in the highest tertile of the ratio of total se-
rum cholesterol to HDL-C level compared with those in the lowest tertile.

Results.\p=m-\Elevatedtotal serum cholesterol level, low HDL-C, and high total se-
rum cholesterol to HDL-C ratio were not associated with a significantly higher rate
of all-cause mortality, coronary heart disease mortality, or hospitalization for myo-
cardial infarction or unstable angina after adjustment for cardiovascular risk factors.
The risk factor\p=m-\adjustedodds ratio for all-cause mortality was 0.99 (95% confidence
interval [CI], 0.56 to 2.69) for the group who had cholesterol levels greater than or

equal to 6.20 mmol/L (\m=ge\240mg/dL) compared with the group that had levels less
than 5.20 mmol/L (<200 mg/dL); 1.00 (95% CI, 0.59 to 1.70) for the group in the
lowest tertile of HDL-C compared with those in the highest tertile; and 1.03 (95%
CI, 0.62 to 1.71) for subjects in the highest tertile of the ratio of total serum choles-
terol to HDL-C compared with those in the lowest tertile.

Conclusions.\p=m-\Ourfindings do not support the hypothesis that hypercholester-
olemia or low HDL-C are important risk factors for all-cause mortality, coronary heart
disease mortality, or hospitalization for myocardial infarction or unstable angina in
this cohort of persons older than 70 years.
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ALTHOUGH cholesterol levels are

slightly lower in older age groups com¬

pared with younger,13 the prevalence of
hypercholesterolemia in the elderly is
substantial.4,6 Treatment of the large
number of older patients with elevated
cholesterol levels is often advocated to
prevent heart disease,6 which is the lead¬
ing cause of mortality and morbidity in
this group.7 Even a small reduction in
incidence of heart disease in this age
group would benefit a large number of
people.8 In addition, the National Cho¬
lesterol Education Program (NCEP) Ex¬
pert Panel has suggested that data from
the clinical trials ofmiddle-aged patients
should be extrapolated to the elderly
population.9

For editorial comment see  1372.

Yet, despite considerable evidence that
hypercholesterolemia is associated with
increased risk for coronary heart disease
(CHD) in young and middle-aged indi¬
viduals,1011 the importance of hypercho¬
lesterolemia as a risk factor for cardio¬
vascular disease in persons older than 70
years remains controversial. While some
observational studies have found that to¬
tal serum cholesterol remains an impor¬
tant risk factor for cardiovascular dis¬
ease in the elderly,12 others have noted
that the risk weakens with advancing
age 1315 indeed, while one informal meta-
analysis reported that elevated total se¬
rum cholesterol is associated with in¬
creased risk of mortality from CHD in
subjects 65 years of age or older,16 other
studies have failed to find any association
between cholesterol and cardiovascular
events beyond the age of 70 years.17·18

In sum, it is not known whether cho¬
lesterol is a risk factor for CHD and
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Table 1.—Population Studied

Men, Women, Total,
No. No. No.

1982 inception cohort 1169 1643 2812
Alive in 1988 668 1151 1819
Interviewed in 1988 609 1062 1671
Blood sample obtained 387 610 997

mortality in persons older than 70 years.
Therefore, we examined the association
of total serum cholesterol level, high-
density lipoprotein cholesterol (HDL-
C), and the ratio of total serum choles¬
terol to HDL-C on subsequent survival
and hospitalization for CHD in a heter¬
ogeneous cohort ofmen and women older
than 70 years. These subjects were par¬
ticipating in a longitudinal, community-
based study of elderly persons,19 estab¬
lished in 1982, and were interviewed
and had cholesterol levels measured in
1988.

METHODS
Study Sample

The study sample comprised subjects
from the New Haven, Conn, cohort of
the Established Populations, for the
Epidemiologie Study of the Elderly
(EPESE) program. This program was
established in 1982 as a longitudinal, com¬

munity-based cohort study of noninsti-
tutionalized men and women aged 65
years or older living in New Haven. The
study design has been published else¬
where.19 The 2812 subjects in the cohort
were drawn from a probability sample
that oversampled men and stratified by
housing type. Fewer than 1% of the
group have been lost to follow-up. Par¬
ticipants have been interviewed yearly
about their health status, medical his¬
tory, medications, functional status, and
income. In 1988, subjects were visited in
their homes, and they were asked to
have blood drawn for analysis. Of the
1617 subjects from the cohort who were

interviewed, 997 consented to have blood
drawn. All variables in the following
analyses were collected during the 1988
interview at the subjects' homes.

Measurement of Standard
Risk Factors

Blood Pressure.—The Hypertension
Detection and Follow-up Program pro¬
tocolwasusedto obtainthreeseatedblood
pressure readings.20 Systolic and diastolic
blood pressures were calculated as the
average of the second and third readings.
The use of antihypertensive medication
was determined by self-report and a re¬
view of the patient's medications.

Cigarette Smoking.—Cigarette smo¬

king was ascertained by self-report.
Smoking status was classified as cur¬

rent, former, or never smoker.

Body Mass Index.—Height and
weight were obtained by self-report and
were used to determine body mass in¬
dex, calculated as the weight in kilo¬
grams divided by the square of height,
in meters. To adjust for body mass, men
and women were classified as having a

body mass index of 23 or less, 24 to 27,
or 28 or more. These cutpoints were
based on approximate tertiles ofthe body
mass distribution.

Diabetes Mellitus.—Subjects who re¬

ported that they had ever been told that
they had diabetes, sugar in the urine, or

high blood sugar were classified as hav¬
ing diabetes mellitus. Previous internal
analyses of this cohort have demon¬
strated at least a 90% correspondence
between self-reported diabetes status
and medical record data.

Cardiac History.—A history of myo¬
cardial infarction was determined by self-
report. Charts were reviewed for hos-
pitalizations for myocardial infarction or
unstable angina in the 5 years prior to
the blood draw. Patients who reported
a history of pain that occurred when
hurrying or walking uphill were classi¬
fied as having exertional chest pain.

Cholesterol.—A phlebotomist went
to each subject's home to draw blood.
The subjects were not required to be
fasting (only 12% of the sample had
fasted 8 or more hours before having
their blood drawn). Samples were pro¬
cessed within 8 hours ofcollection. Blood
was allowed to clot and then spun at
1500 relative centrifugal force for 10 min¬
utes in a refrigerated (4°C) centrifuge.
The serum samples were sent to a labo¬
ratory (Nichols Laboratory, Capistrano,
Calif) for measurement of total choles¬
terol and HDL-C with a chemistry ana¬

lyzer (Hitachi 704, Mito City, Japan).
Total serum cholesterol was measured
using enzymatic (cholesterol oxidase) col-
orimetry, and the HDL-C was measured
by dextran sulfate-magnesium chloride
precipitation and enzymatic (cholesterol
oxidase) colorimetry.
Outcome Events

Since the inception of the cohort, sub¬
jects have been monitored regularly for
mortality and hospitalizations. The out¬
come events in this study included all-
cause mortality, CHD mortality, and
hospitalization for unstable angina or

myocardial infarction. Subjects were fol¬
lowed up through December 31, 1992.

Death certificates were obtained for
all subjects who died and were coded by
a certified nosologist using the Inter¬
national Classification of Diseases,
Ninth Revision, Clinical Modification
(ICD-9-CM)-21 Deaths with an underly¬
ing cause of CHD were defined as ICD-
9-CM codes 410 to 414, which include

acute myocardial infarction, other acute
and subacute forms of ischemie heart
disease, and angina pectoris.

Hospitalizations for acute myocardial
infarction and unstable angina were as¬
sessed by weekly monitoring at the two
New Haven hospitals (Saint Raphael's
and Yale-New Haven). We previously
determined that approximately 90% of
the hospitalizations for CHD occurred
at these two facilities. This surveillance
was supplemented by information from
the Health Care Financing Administra¬
tion. Diagnoses ofmyocardial infarction
or unstable angina were confirmed by
chart review. Myocardial infarction was
defined according to standard criteria.22
Unstable angina was defined as hospi¬
talization for either the new onset of
sudden chest pain that was considered
to be ischemie or an exacerbation ofpre¬
viously diagnosed angina.
Statistical Analysis

The study sample was compared with
subjects who did not have blood drawn.
Continuous and normally distributed
variables were compared using the Stu¬
dent t test, and other variables were

compared using the  2 test.
The study sample was stratified by

total serum cholesterol value, based on
the recommendations of the NCEP Ex¬
pert Panel,9 into the following three
groups: cholesterol levels less than 5.20
mmol/L (<200 mg/dL), 5.20 to 6.20 mmol-
/L (200 to 240 mg/dL), and 6.20 mmol/L
or higher (>240 mg/dL). Subjects with
total serum cholesterol levels greater
than or equal to 6.20 mmol/L (>240 mg/
dL) and 5.20 to 6.20 mmol/L (200 to 240
mg/dL) were compared with subjects
with cholesterol less than 5.20 mmol/L
(<200 mg/dL). Kaplan-Meier survival
curves were generated to show survival
among subjects in the three total serum
cholesterol groups. The groups were

compared by the log-rank test.23
Subjects also were stratified in sepa¬

rate analysis by sex-specific tertiles of
HDL-C and the ratio of total serum cho¬
lesterol to HDL-C. The tertiles of
HDL-C were defined as follows: for men,
less than or equal to 0.95 mmol/L (<37
mg/dL), 1.00 to 1.20 mmol/L (38 to 47
mg/dL), and greater than 1.20 mmol/L
(>47 mg/dL); for women, less than or

equal to 1.05 mmol/L (<40 mg/dL), 1.06
to 1.30 mmol/L (41 to 50 mg/dL), and
greater than 1.30 mmol/L (>50 mg/dL).
The tertiles for the ratio of total serum
cholesterol to HDL-C were defined as
follows: for men, less than 4.17, 4.17 to
5.46, and greater than 5.46; for women,
less than 3.82, 3.82 to 5.09, and greater
than 5.09.

We designed multivariable logistic re¬

gression models to evaluate the asso-
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ciations of total serum cholesterol, HDL-
C, and total serum cholesterol to HDL-C
ratio with outcomes after adjusting for
age, sex, and cardiovascular risk fac¬
tors. The covariate risk factors were
selected based on prior studies of
EPESE cohorts.2325 In separate mod¬
els, subjects with total serum choles¬
terol levels greater than or equal to 6.20
mmol/L (>240 mg/dL) were compared
with subjects with total serum choles¬
terol levels less than 5.20 mmol/L (<200
mg/dL); subjects in the lowest tertile of
HDL-C level were compared with sub¬
jects in the highest tertile; and subjects
in the highest tertile of the total serum
cholesterol to HDL-C ratio were com¬

pared with those in the lowest tertile.
Covariates in each multivariate model

included age (years), systolic blood pres¬
sure (mm Hg), body mass index (using
the lowest tertile as reference), pres¬
ence of chest pain on exertion, antihy-
pertensive medication, history of dia¬
betes mellitus, history of myocardial
infarction, past smoking history, and cur¬
rent smoking. Multivariate analyses of
total serum cholesterol were repeated
after excluding the 55 male subjects
(14%) and 40 female subjects (7%) with
a total serum cholesterol level less than
4.15 mmol/L (<160 mg/dL) because of
concerns that low cholesterol levels are
associated with increased mortality.26

The Professional Software for Sur¬
vey Data Analysis (SUDAAN) (SAS Ine,
Cary, NC) was used for all analyses to
adjust for possible design effects of the
stratified sampling design that was used
to construct the New Haven EPESE
cohort; these design effects include hous¬
ing strata and an oversampling of men.
The SUDAAN software computed sam¬

pling variances for parameter estimates
using the Taylor series approximation
method. Since application of simple ran¬
dom sampling assumptions to design-
based data can lead to an underestima¬
tion of variances and an overestimation
of significance levels, it is important to
use design-based variance estimates.27

RESULTS
Study Sample

Of the 2812 subjects enrolled in 1982
in the New Haven site of the EPESE
program, 1617 were interviewed in 1988,
and blood samples were obtained from
997 of them (Table 1). The most common
reason that blood was not drawn from
these subjects was that they refused.
Subjects from whom a blood sample was
obtained were significantly younger, less
likely to be female, and more likely to
have diabetes mellitus than the subjects
who did not have a blood sample drawn
(Table 2). The 4-year rates of CHD mor-

Table 2.—Characteristics of the Study Subjects and Subjects Not Included Because No Blood Sample
Obtained*

Study Sample
Characteristic Women Total

Not Included
in Study Sample

No. 387 610 997 674
Mean (±SD) age, y 77.8 (±5.4) 79.4 (±6.1) 78.8 (±5.9) 80.2 (±6.3)t
Sex, % female 64 71t
Race, % white 83 81 82 82
Housing stratum, %

Public
Private 16

Community 88 75 80 78
Mean (±SD) blood pressure, mm Hg

Systolic 137.3 (±17.7) 139.2 (±21.0) 139.6 (±19.8) 138.8 (±17.8)
Diastolic 76.6 (±10.5) 75.6 (±11.3) 75.9 (±11.0) 75.2 (±10.6)

Antihypertenslve treatment, % 49 50 50 47
Diabetes, % 17 17 13t
History of myocardial infarction, % 20 13 15 17
Exertional chest pain, % 12 10 10
Current smoker, % 15 11 12 10
Mean (±SD) body mass ¡ndext 25.8 (±4.2) 25.8 (±5.0) 25.2 (±4.7) 25.3 (±4.6)

*AII numbers are weighted for the sampling design.tP<.05 in comparison with study sample.¿Weight in kilograms divided by the square of height in meters.

tality and all-cause mortality in the study
sample subjects were not significantly
different from those without a blood
sample (4% vs 4%, respectively, for CHD
mortality, and 24% vs 30%, respectively,
for all-cause mortality).

The characteristics of the study
sample are reported in Table 2. The mean

age was 78 years for men and 79 years
for women; ages ranged from 71 years
to 104 years. Cardiac risk factors were
common in the cohort, but a history of
a prior myocardial infarction was re¬
ported by fewer than 20% of the sub¬
jects. There were only 53 subjects who
had a confirmed hospitalization for acute
myocardial infarction or unstable angina
in the 5 years prior to the blood draw.

The prevalence of a total serum cho¬
lesterol level greater than or equal to
6.20 mmol/L (>240 mg/dL) was higher
for women than for men. Only 63 (16%)
of the 387 male subjects had a total cho¬
lesterol level greater than or equal to
6.20 mmol/L (>240 mg/dL) compared
with 206 (34%) of the 610 female sub¬
jects. In contrast, the prevalence of low
HDL-C levels (<0.90 mmol/L [<35 mg/
dL]) was lower for women than men.
Low HDL-C was measured in 102 male
subjects (26%) compared with 53 female
subjects (9%).
Outcome Event Analysis

There was no significant association
between total serum cholesterol levels
and incidence of myocardial infarction
and unstable angina for either sex (Table
3). The highest rates of myocardial in¬
farction or unstable angina were in the
groups with the lowest serum choles¬
terol levels. After adjustment for sex

and cardiovascular risk factors, the odds
ratio for myocardial infarction or un¬
stable angina for the highest total se¬
rum cholesterol group compared with
the lowest was 0.59 (95% confidence in¬
terval [CI], 0.29 to 2.60) (Table 4). There
were also no significant differences for
CHD mortality among the total serum
cholesterol groups for either sex (Table
3). The adjusted odds ratio of CHD mor¬
tality associated with a cholesterol level
greater than or equal to 6.20 mmol/L
(>240 mg/dL) compared with a choles¬
terol level less than 5.20 mmol/L (<200
mg/dL) was 0.60 (95% CI, 0.18 to 1.98).

Finally, there was no association be¬
tween cholesterol group and all-cause
mortality (Table 3). In men, the survival
curves of the three total serum choles¬
terol groups intertwined (Figure 1) and
were not significantly different. In wom¬
en, the highest mortality was in the
group with total serum cholesterol level
less than 5.20 mmol/L (<200 mg/dL), fol¬
lowed by the group with total serum
cholesterol levels between 5.20 and 6.20
mmol/L (200 mg/dL and 240 mg/dL),
and then the group with total serum
cholesterol level greater than or equal
to 6.20 mmol/L (>240 mg/dL). The sur¬
vival curves did not cross, as shown in
Figure 2, and were significantly differ¬
ent (P<.001). For men and women com¬
bined, the odds ratio associated with an
elevated cholesterol level was 0.99 (95%
CI, 0.56 to 2.69). The multivariate analy¬
ses with total serum cholesterol were
repeated after excluding subjects with
cholesterol levels less than 4.15 mmol/L
(<160 mg/dL) and the odds ratios did not
change substantially (data available on

request). Multivariate analyses were also
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Table 3.—Four-Year Incidence of Outcome Events Stratified by Serum Cholesterol Level, HDL-C Level, and Serum Cholesterol to HDL-C Ratio*

Menf Women

Outcomes (%) No.

Ml or
Unstable

Angina, %
CHD

Mortality, %
All-Cause

Mortality, % No.

Ml or
Unstable

Angina, %
CHD

Mortality, %
All-Cause

Mortality, %
Total cholesterol, mmol/L (mg/dL)

<5.20 (<200) 185 7.6 5.1 183 5.1 19.5
5.20 to 6.20 (200 to 239) 4.3 5.2 15.5 221 4.5 15.6
>6.20 (>240) 63 4.6 31.6 206 3.3 2.1 13.1

HDL-Ct-
Lowest tertile 126 4.6 17.3 3.3 18.8
Middle tertile 5.2 5.7 22.6 184 5.6 17.0

Highest tertile 130 3.5 4.0 25.1 171 4.5 2.1
Total cholesterol to HDL-C ratio§

Lowest tertile 125 6.2 5.7 27.9 2.8 3.4 15.4
Middle tertile 6.2 5.2 16.0 178 4.4 3.8 12.0

Highest tertile 129 4.9 1.4 21.5 174 3.2 4.2 19.7

 Percentages are weighted for the sampling design. Ml indicates myocardial infarction; CHD, coronary heart disease; and HDL-C, high-density lipoprotein cholesterol.
tTwo men did not have values for HDL-C.
T-Tertiles for HDL-C: men, <0.95 mmol/L (<37 mg/dL), 1.00 to 1.20 mmol/L (38 to 47 mg/dL), and >1.20 mmol/L (>47 mg/dL); women, <1.05 mmol/L (<40 mg/dL), 1.06 to

1.30 mmol/L (41 to 50 mg/dL), and >1.30 mmol/L (>50 mg/dL).
§Tertiles for total cholesterol to HDL-C ratio: men, <4.17, 4.17 to 5.46, and >5.46; women, <3.82, 3.82 to 5.09, and >5.09.

Table 4.—Odds Ratios (and 95% Confidence Intervals) of Outcome Events, Adjusted for Age, Sex, and Risk Factors*

Ml or Unstable Angina CHD Mortality
Unadjusted Adjusted Unadjusted Adjusted

  
All-Cause Mortality

Unadjusted Adjusted
Subjects with TC >6.20

mmol/L (>240 mg/dL)
compared with subjects
with TC <5.20 mmol/L
(<200 mg/dL)_ 0.55 (0.20-1.49) 0.59 (0.29-2.60) 0.41 (0.13-1.27) 0.60(0.18-1.98) 0.75(0.45-1.25) 0.99 (0.56-2.69)

Subjects In lowest tertile of
HDL-C compared with
subjects in the highest tertile 1.39(0.54-3.56) 1.28(0.47-3.48) 1.26(0.46-3.42) 1.18(0.43-3.22) 1.06(0.64-1.77) 1.00 (0.59-1.70)

Subjects in highest tertile of
TC/HDL-C compared with
subjects in the lowest tertile 0.94(0.34-2.61) 0.87 (0.29-2.60) 0.66 (0.24-1.82) 0.74(0.29-1.60) 0.61 (0.37-1.02) 1.03(0.62-1.71)
*Odds ratios calculated for the 867 men and women with complete risk factor information. Covariates for the adjusted logistic regression models include age, sex, systolic

blood pressure (mm Hg), diabetes (no/yes), body mass index (coded as <23 [no/yes] and >27 [no/yes]), antihypertensive use (no/yes), current smoking (no/yes), past smoking
history (no/yes), history of myocardial infarction (no/yes), and chest pain on exertion (no/yes). HDL-C indicates high-density lipoprotein cholesterol; Ml, myocardial infarction;
CHD, coronary heart disease; and TC, total cholesterol.

repeated without weighting for design
effects. The odds ratios were similar,
but the CIs were smaller (data available
on request).

The outcomes by tertiles of HDL-C
and the ratio of total serum cholesterol
to HDL-C are shown in Tables 3 and 4.
There were no significant differences in
outcomes between either low HDL-C
levels or elevated total serum choles¬
terol to HDL-C ratio. The adjusted odds
ratios of low HDL-C compared with high
HDL-C for the incidence of myocardial
infarction or unstable angina and for
CHD mortality were greater than 1.0;
however, confidence intervals were wide
and included 1.0.

COMMENT
Hypercholesterolemia in the very el¬

derly population is attractive as a po¬
tentially modifiable risk factor for car¬
diovascular disease because it is preva¬
lent and has been shown to be strongly
associated with adverse outcomes in
younger cohorts.10·11 The reduction of

cholesterol in clinical trials of middle-
aged subjects has been associated with
a reduction in cardiovascular disease,28
and experts have suggested that these
results may be extrapolated to older sub-
jects.9 The principal finding of our in¬
vestigation, however, was that elevated
total serum cholesterol levels, low
HDL-C levels, and the total serum cho¬
lesterol to HDL-C ratio were not
strongly associated with increased all-
cause mortality, CHD mortality, or hos¬
pitalizations for cardiovascular disease
in a cohort ofmen and women older than
70 years with 4 years of follow-up.

Our study sample was drawn from
the survivors of a representative sample
of New Haven residents who were 65
years of age or older in 1982. Therefore,
the subjects in this analysis were at least
71 years of age and were a heterog¬
eneous group representing the diver¬
sity ofurban society. Within this cohort,
there was a substantial prevalence of
elevated cholesterol, with 34% of the
women and 16% of the men having a

cholesterol level greater than or equal
to 6.20 mmol/L (>240 mg/dL). Other
studies have also reported a high preva¬
lence of elevated cholesterol in the el¬
derly population. For example, in the
third National Health and Nutrition Ex¬
amination Survey (NHANES III), 39%
of the subjects aged 65 to 74 years and
32% of subjects aged 75 years and older
had cholesterol levels greater than or

equal to 6.20 mmol/L (>240 mg/dL).29
Also, in the Cardiovascular Health
Study, a community-based study of in¬
dividuals 65 years of age or older who
were recruited from May 1989 to May
1990,24% had cholesterol levels greater
than or equal to 6.20 mmol/L (>240 mg/
dL).5

Unexpectedly, the gradient of the sur¬
vival curves in women showed the best
survival occurring in the group with to¬
tal serum cholesterol levels greater than
or equal to 6.20 mmol/L (>240 mg/dL),
followed by the group with total serum
cholesterol levels between 5.20 and 6.20
mmol/L (200 and 240 mg/dL) and, fi-
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Figure 1.—Kaplan-Meier survival curves for men in
the study sample, stratified by total serum choles¬
terol level.

nally, by the group with cholesterol lev¬
els less than 5.20 mmol/L (<200 mg/dL).
These findings strongly suggest that el¬
evated cholesterol alone should not be
considered an important risk factor for
mortality for very elderly women.

Our findings contrast with previously
published reports. Barrett-Connor et
al,15 in a study of a white, upper-middle-
class community, found that elevated
cholesterol levels were associated with
increased ischemie heart disease events
in men and women aged 65 to 79 years.
Benfante and Reed13 from the Honolulu
Heart Program, a study of cardiovas¬
cular disease among men of Japanese
ancestry, reported that total serum cho¬
lesterol was significantly associated with
incident CHD among subjects aged 65
to 74 years after adjusting for age, blood
pressure, cigarettes smoked per day, and
history of diabetes. Rubin and col¬
leagues,12 in a study of white men aged
60 to 79 years who were members of a
health maintenance organization, also
found that elevated total serum choles¬
terol was associated with increased mor¬

tality from CHD after adjusting for age,
blood pressure, and smoking status.
Aronow and colleagues,30 in a study of
very elderly nursing home residents, re¬

ported that total serum cholesterol was
associated with coronary events in men
and women after adjusting for age, smok¬
ing status, presence of hypertension,
presence of diabetes mellitus, obesity,
and antecedent coronary artery disease.

The difference in our study sample
compared with other studies may ex¬

plain why our findings contrast with
these reports. The mean age ofour study
sample was greater than the upper age
limit of the studies of Barrett-Connor et
al,15 Benfante and Reed,13 and Rubin et
al.12 The sample in the study by Barrett-
Connor et al15 was restricted to white
men and women, the study by Benfante
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Figure 2.—Kaplan-Meier survival curves for women
in the study sample, stratified by total serum cho¬
lesterol level.

and Reed was from the Honolulu Heart
Program13 and was restricted to men of
Japanese ancestry, and the study by Ru¬
bin et al12 was restricted to white men.
The study by Rubin et al12 and the study
by Barrett-Connor et al15 did not in¬
clude patients of low socioeconomic sta¬
tus. The study by Aronow et al30 was
conducted among residents of a long-
term care facility. Our sample, by com¬
parison, began as a representative
sample of subjects living in New Haven
and was heterogeneous with respect to
sex, race, and socioeconomic status. The
most important difference may be that
our sample was substantially older than
most of the other cohorts.

Studies of very elderly cohorts that
have included men and women support
our findings. Kronmal and colleagues,18
using data from the Framingham Heart
Study, reported no evidence that all-
cause mortality or CHD mortality was
associated with elevated cholesterol in
subjects older than 70 years. Zimetbaum
and colleagues," in a report of volun¬
teers with a mean age of 79 years from
the Bronx Aging Study, also found that
elevated total serum cholesterol was not
an independent risk factor for cardio¬
vascular disease or mortality.

There are many possible explanations
for the observation that cholesterol is
not a risk factor for cardiovascular dis¬
ease in the very elderly. The cholesterol
level of elderly individuals may not rep¬
resent their lifetime exposure and, thus,
not effectively stratify their risk. Also,
as a result of selective survival, hyper-
cholesterolemic individuals who remain
in the cohort may be relatively resistant
to the effects of lipids. In addition, aging
may cause changes in the arterial wall
that decrease its susceptibility to cho¬
lesterol concentrations in the blood.

We also investigated whether HDL-C
levels could confound the association be-

tween total serum cholesterol and out¬
come. We did not detect an association
between the ratio of total serum cho¬
lesterol to HDL-C and outcomes. We
did find an increased risk for CHD events
with low HDL-C levels, but the results
were not significant. Thus, these results
cannot strongly support low HDL-C as
an important risk factor in elderly sub¬
jects. In addition, a low HDL-C level
was not associated with an increased
risk of all-cause mortality.

Our study has some important limita¬
tions. The most important issue in a nega¬
tive study concerns sample size and
power. Our study is one of the largest to
investigate the association of cholesterol
and mortality in the very elderly, with
almost 1000 subjects in our sample. This
sample size and the high event rate al¬
lowed us to analyze the data at 4 years of
follow-up. Prior to our analysis, we esti¬
mated that we had more than an 80%
power to detect a relative risk of 1.6 in
all-cause mortality for the highest serum
cholesterol group compared with the low¬
est. That power calculation was based on
one tail since we were testing the hy¬
pothesis that an elevated total serum cho¬
lesterol would confer an increased risk.

Second, since some subjects refused
to have blood drawn, our study sample
did not include the entire cohort. Nev¬
ertheless, our sample was heterogeneous
and there were only minor differences
between participants and those who did
not have blood drawn.

Third, this study focused on persons
who were older than 70 years; the mean

age of the cohort at the time that a cho¬
lesterol level was drawn was approxi¬
mately 79 years. These results are im¬
portant since the very elderly represent
a rapidly increasing segment ofthe popu¬
lation with a high prevalence of hyper¬
cholesterolemia, and information about
its importance in the very elderly is lack¬
ing. However, our results are not gen-
eralizable to younger subjects.

Fourth, the relevance of this study
for patients who have had a myocardial
infarction is not clear. Data from the
Framingham Heart Study31 suggest that
hypercholesterolemia is an important
risk factor after a myocardial infarction.
In our sample, however, there were rela¬
tively few individuals with a recent myo¬
cardial infarction. Thus, our study can¬
not provide information about the im¬
portance of hypercholesterolemia as a
risk factor after an individual survives
a myocardial infarction.

Finally, our CHD mortality end point
was derived from death certificates. Al¬
though some deaths may have been mis-
classified, this is unlikely to have intro¬
duced a bias into the study since there
is no reason to believe that individuals
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with a high cholesterol level would be
less likely to be coded with a death from
CHD. Nevertheless, concerns about this
end point prompted us to focus also on

morbidity from confirmed myocardial in¬
farction and unstable angina, and on all-
cause mortality.

In summary, our findings do not sup¬
port cholesterol as a risk factor with a

graded and continuous association with
all-cause mortality, CHD mortality, or

hospitalization for an acute ischemie
event among very elderly subjects. Our
findings will need to be corroborated in

other large studies ofvery elderly popu¬
lations, with and without prior manifes¬
tations of coronary artery disease.

This study was supported in part by grants 1T-
32-AG-0-0153 and R01-AG-1-1042 from the Na¬
tional Institutes of Health, Bethesda, Md.
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