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Abstract: Elevated cholesterol is a known risk factor for coronary heart disease (eRD) in young and middle
aged persons. Because of the high prevalence of eRD in a growing elderly population, physicians must decide 
whether to devote clinical attention to this condition in older patients. Longitudinal cohort studies show that 
while the association between serum cholesterol and eRD decreases after age 55 years, it still persists. Primary 
prevention trials performed mostly on middle-aged men have reduced the incidence rate of eRD through 
cholesterolloweriog but they have yet to show a reduction in overall mortality. Secondary prevention studies 
of Upid alteration have reported decreased mortality and slowed progression of coronary stenoses, again in 
predominantly male subjects aged less than 60 years. ImpUcations of these findings for care of older patients 
are discussed along with recommendations for cHoical management and future research. (J Am Board Fam 
Pract 1990; 3:271-82.) 

Coronary heart disease (CHD) is overwhelm
ingly the leading cause of death for persons aged 
65 years and greater in the United States. 1 A 
large body of research has established several risk 
factors for CHD, one of which is elevated serum 
cholesterol.2 Surveillance of several large elderly 
cohorts shows a high prevalence of hypercholes
terolemia and other risk factors. 3

-
7 

Much of the research leading to the identifica
tion of cardiac risk factors was performed on 
middle-aged persons, raising a question of appli
cability to older adults. Clinicians now face a di
lemma about treatment of hypercholesterolemia 
in the elderly. Treatment of this common condi
tion in an ever-expanding population segment 
would incur considerable time commitment and 
cost. Health care workers need to be informed of 
the risk that cholesterol confers to older adults 
before making decisions about management. 

This report reviews the current epidemiologic 
evidence regarding hypercholesterolemia as a 
risk factor for CHD in the elderly. Two types of 
research constitute the majority of epidemiologic 
studies in this field: (1) nonexperimental cohort 
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studies examining the association between cho
lesterol levels and CHD, and (2) experimental 
trials of cholesterol modification in an effort to 
reduce CHD risk. Because so few experimental 
trials have involved persons aged greater than 65 
years, this review describes trials involving 
younger persons as well. Implications for risk re
duction in the elderly are also discussed. 

Methods 
Using the key words "hyperlipidemia," "hy
percholesterolemia," "cholesterol," "elderly," 
"aged," and "old," the MEDLINE files were 
searched through the CD ROM system from 
1982 to the present. Articles dating before 1982 
were accessed from cross-reference of the more 
recent articles. Longitudinal studies were consid
ered for review if they contained participants 
aged> 55 years. Experimental trials were in
cluded if the sample size was greater than 20. 

literature Review 
Nonexperimental Research 
Numerous investigations in risk factor research 
have taken the form of longitudinal cohort stud
ies in which potential risk factors for CHD are 
analyzed for an association with heart disease 
endpoints. These outcomes usually include car
diac mortality (fatal myocardial infarction [MJ] 
or sudden death) and first episode of CHD (non
fatal MI or angina); all-cause mortality is often 

Cholesterol and Heart Disease 271 

 on 11 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 P

ract: first published as 10.3122/jabfm
.3.4.271 on 1 O

ctober 1990. D
ow

nloaded from
 

http://www.jabfm.org/


considered as well. I n the 1970s, data from the 
Framingham Study indicated that the association 
of serum cholesterol and CII D IlO longcr held for 
older lllen.H ()ver the next several years, results 
from other aging cohorts hecame available, 
which, taken as a whole, offer a reasonably accu
rate picture of the association hetween serum 
cholesterol and CIID in the elderly. 

Fmlllingbam Data 

A random sample of men and wOlllen living in 
Framingham, Massachusetts, aged 30-62 years at 
entry, has been followed biennially since 194-H. In 
1970, the investigators initiated measurement of 
the following serum lipid components at each bi
ennial examination: high-density lipoprotein 
(HDL), low-density lipoprotein (LDL), and very 
low density lipoprotein (VLDL), in addition to 
total cholesterol (TC) and triglycerides (TG). 
Analysis of cholesterol subfractions began to 
show a positive association between LDL and 
CHD, with an observed negative correlation be
tween I-IDL and CHD.<J 

The relation between serum cholesterol and 
Cl ID in an older cohort was reexamined by Gor
don, et al.\() They looked at 1025 men and I-H5 
women aged 49-H2 years at the time of the II th 
biennial examination. Approximately 4 years later, 
79 men and 63 women had experienced their first 
coronary event. Using logistic regression analysis 
and controlling for age, both HDL (negative) and 
I.DL (positive) were found to be significant pre
dictors of CHD incidence. These results suggested 
that TC was less predictive of CHD in older per
sons because of the opposing efFects of LDt. and 
I IDL, with the corollary that VLDL loses its as
sociation with CHD in the elderly. 

Wilson, et al. further analyzed the role of HDL 
in older adults. I I Data were"collected from essen
tially the same cohort described above (men and 
women aged 50-7<J years in 1970-11)72) over a 
much longer follow-up period (12 years). After 
adjusting for age, TC, blood pressure, body mass 
index, and cigarette use, low HDL was highly 
correlated with CIID mortality. The relative risk 
of CliD death for men with HDL levels in the 
lowest lJuintile compared with the highest was 
4.1; for women the corresponding figure was 3.1. 
The risk of death from any cause was I. 9 times 
greater for men in the lowest quintile compared 
with the highest; for women in the lowest quin-

272 JABFP Octohcr-lkcclllher I'N() \'01. 3 N(). -I 

tile, the relative risk was I.S, but unlike the other 
results, this value was not statistically significant. 

Recently, the Framingham data were analyzed 
for cardiac risk factors in an exclusively elderly 
population. le Members of the Framingham cohort 
who survived to age 6S free of ell D were entered 
in the study. The sample of 2501 was followed for 
an average of9.fl years. Using proportional hazards 
modelling, TC was found to be an independent 
correlate of ell!) incidence. Persons with total 
cholesterols at or above the 90th percentile, i.e., ;::: 
275 rng/dL (7.11 mmol/L) tilr men and ;::: 306 
mg/dL (7.91 mmol/L) for women, exhibited a rela
tive risk of I.H for CHD compared with those with 
TC less than 200 mg/dL (5.17 mmol/L). 

JIRFlTData 

For the Multiple Risk Factor Intervention Trial 
(MRFIT) study, a sample of 356,222 men aged 
35-57 years and free of CI ID were screened and 
followed for 6 years. Stamler, et al. stratified the 
sample by age and anal yzed the relation of TC to 
CHD incidence. I I The eldest stratum consisted 
of 36,704 men aged 55-57 years. Dividing the 
sample into lJuintiles hy TC and controlling for 
other risk t~lctors, a relative risk of 2.4 for CHD 
mortality was found for the highest quintile erc 
;::: 245 mg/dL or 6.33 m11101/L) compared with the 
lowest ere ~ I H I mg/dL or 4.6H mmol/L). Fur
thermore, the risk of CHD mortality rose with 
each increasing lJuintilc of TC. 

Pooling Project Data 

Combining data from five different longitudinal 
studies, the Pooling Project studied cardiac risk 
factors for men aged 4()-64 years. l

-+ Similar to the 
above studies, the sample was divided into lJuin
tiles of serum cholesterol. The investigators cal
culated risk ratios of ell!) incidence for the 
highest quintilc compared with a combination of 
the lowest two lJuintiles. The relative risk de
creased as age increased, from 3.6 for ages 45-49 
years to 1. 5 for ages 60-64 years. I ncidence rates 
were also found to increase with age, !Jmvever, 
and the risk difference bet\veen the highest and 
lowest TC t]uintiles was found to be constant for 
each age group. 

Other SllIdies 
Numerous other longitudinal studies have at
tempted to describe relations between TC and 
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CHD in older adults. Agner and Hansen assem
bled a cohort of men and women aged 70 years in 
Sweden and restudied them 10 years later. IS The 
highest quartile for serum cholesterol had a sig
nificant increase in cardiovascular mortality in 
men; a similar trend was observed in women but 
was not statistically significant. In the Whitehall 
Study, Rose and Shipley followed 17, 7IS male 
civil servants in London for 10 years. 16 The 
60-64-year-old segment of the sample at entry 
showed a CHD risk increase for each rise of 3S.7 
mg/dL (1.00 mmol/L) in TC. The Elderly Pro
gram Pilot Project examined 551 hypertensive 
men and women aged > 60 years (mean = 72 
years). 17 At 34 months of follow-up, multivariate 
analysis showed a relative risk for first CHD 
event of 1.3 for persons with cholesterol levels in 
the upper third of the sample distribution versus 
those in the lower third. Barrett-Connor, et al. 
studied 1407 men and 17S0 women aged 50-79 
years enrolled in the Lipid Research Clinics 
prevalence Study, with 9-year follow-up. 18 Total 
cholesterol was a significant predictor of CHD, 
conferring a relative risk of I.4-I.S, with a TC 
rise of one standard deviation (36.S mg/dL or 0.95 
mmol/L), depending on age and sex. As part of 

gd.J&&K ... .. ,-3.....;; 

the Donolo-Tel Aviv prospective study, 826 per
sons aged 55-64 years at entry were restudied 
after 20 years. 19 Persons with TC greater than 
264 mg/dL (6.S2 mmol/L) were found to be at 
twice the risk of CHD compared with those with 
TC less than 200 mg/dL (5.17 mmol/L). 

A summary of studies measuring the relative 
risk of CHD with increased total cholesterol in 
cohorts exclusively greater than age 55 is shown 
in Table 1. 

Several other long-term projects have used 
similar designs with slightly younger samples. 
Three studies yielded a positive relation between 
CHD and TC in men aged 40-65 years when 
controlling for age. 20

-
22 Results of individual age 

strata were not published. Another investigation 
reported the waning, yet persistent, association of 
TC and CHD with ageY 

Additional studies have focused on subfrac
tions of total cholesterol. The Israeli Ischemic 
Heart Study, involving 5952 men aged 40-64 
years monitored for 5 years, showed an inverse 
association between HDL and MI for men 
greater than 50 years.24 In a cross-sectional study, 
HDL was a significant predictor of coronary ar
tery occlusion in 5216 adults (mean age = 56 

Table 1. Relative Risk of CHD in Cohorts Exclusively Greater than Age 55 Years. * 

Relative CHD 
Si7.e of Age at Follow-Up Population Subgroups Used Risk Endpoint 

Author-Year Source of Data Cohort Entry Years (Mean) in Calculation of Relative Risk for CHD Studied 

Harris, et al. Framingham 998 M 65 2-26 > 90th Percentile for TC 1.5 Mt Incidence 
198812 Study 1,503 W (9.6) TC < 200 mgldL (5.17 mmollL) 2.3 W 

Stamler, et al. MRFIT 36,704 M 55-57 6 Highest guintile for TC 1.7 M Mortality 
198611 Study Lowest quintile for TC 

Pooling Project Pooling 822 M 55-59 5-10 Highest guintile for TC 1.7 M Incidence 
1978 14 Project Lowest quintile for TC 

Agner and Ambulatory 230 M 70 10 Highest guintile for TC 2.2 M Mortality 
Hansen Danish Elders 210 W Lowest quintile for TC NAWt 
1983" 

Rose and Whitehall NA 6()-64 10 Given TC value elus 38.7 mgldL I.2M Mortality 
Shipley Study Given TC value 
19861~ 

Siegel, et al. HTN in Elderly 201 M > 60 (2.8) Highest third for TC I.3M,W Incidence 
198717 Pilot Project 350W Lowest third for TC 

Barrett-Connor, LRC Prevalence 873 M 65-79 (9) Given TC value elus 36.8 mgldL 1.4 M Incidence 
et al. 19841H Study 890W Given TC value I.5W 

Brunner, et al. Donolo-Tel 435 M 55-64 20 TC > 264 mg/dL (6.82 mmoVL) 2.6M Incidence 
19871~ Aviv Study 391 W TC < 200 mg/dL (5.17 mmol/L) 

OM = Men. W = Women, NA = Not Available. 
tResult is not statistically significant at P < 0.05 level. 
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years) referred for cardiac catheteril',ation,2S An 

analysis of 113 elderly residents of a rural Japa
nese community known tilr longevity showed ex
tremely high IIDL levels and very low eilD 
compared with urhan eontrols.-~(' A study involv
ing ~2 men with noninsulin-dependent diabetes 
mellitus aged 4()-79 years found LDL to be a 
significant predictor of CHI) mortality over 12 
years of follow-up,n 

(;iven the nature of cohort research, the results 
of the studies outlined in this section arc in consid
erable agreement. The relatively mild inconsisten
cies are most probably due to differences in re
search design and inherent weaknesses of cohort 
studies in general. As seen in Table \, the studies 
exhibit modest differences in age group, gender 
mix, outcome type, and tilllow-up time, Like all 
cohort studies, control of extraneous factors atfect
ing the tested outcome may be deficient, creating 
further variance in results between studies. 

Several conclusions can be dn1\vll based on the 
enormous amount of nonexperimental data that 
have been produced, First, the associatioll between 
total serum cholesterol and CHD risk decreases 
with age but nonetheless remains a risk factor. This 
concept is particularly supported by studies with 
large cohorts and lengthy follow-up. Elderly per
sons in the upper third to upper fifth of the TC 
distribution appear to be at approximately 1.5-2,5 
times the risk of CHI) tilr the next 5-\5 years 
compared with those with lower serum cholester
ols. The risk of all-cause mortality also appears to 
be higher in elderly persons with hypercholesterol
emia, though this is a less consistent finding. Sec
ond, it is quite clear that the inverse relation be
tween IIDL and CIII) persists and is possibly 
strengthened with increasing age. The relative risk 
of ell D associated with an unfavorable I I DL level 
in older persons is <lpproximately 3.0-4.0 times 
greater than the risk ti>r persons with a favorable 
IIDL level. Third, the positive correlation between 
LDL and C1ID in the elderly is also firmly estab
lished. Finally, whereas the relative ellD risk of 
persons with unfavorable lipids compared with 
those with desirahle levels declines with age, the 
corresponding risk difference remains constant 
across age groups. 

Experimental Research 
The nonexperimental studies showed that the as
sociation of serum cholesterol and CIID persists 

27 4 JABFP Octoher-! kcemhcr I (NO Vol. 1 :'\lo, .f 

with age, What now remains a question for prac
titioners is whether Imvering of cholesterol in the 
elderlv will result in reduction of CIID. \<:ver 
since cholesterol was first suspected as a cardiac 
risk factor, trials of lipid-lowering interventiolls 
have been conducted. Demonstrating a risk-IT
ducing ctrect of cholesterol modi ficatioll has 
proved to be a formidablc, expensive, and time
consuming task. The existence of numerous risk 
factors for CI I D and the long-term nature of ath
erogenesis require trials to have huge samples 
and lengthy follow-up. Trials of primary preven
tion are directed at reducing risk in disease-free 
persons. Secondary prevention trials test the ef
fects of lipid alteration in persons \vho already 
have CIII). 

Unfortunately, there have been no large-scale 
studies to date that involve strictly older persons, 
and many involve only men. Geriatric clinicians 
are forced to evaluate these studies for their ap
plicability to the predominantly female, elderly 
population. 

j'rilJl(ll), Prel'elllion hials 

Many of these studies have used similar methods. 
Usually, a large, at-risk cohort is assembled 
through a screening procedure. Subjects are then 
randomly assigned to experimental and control 
groups. Intervention directed at the experimental 
group usually consists of dietary and pharmaco
logic modifications of serum lipids, often under a 
double-blinded design. Endpoints generally in
clude net changes in serum lipids, CHD inci
dence and mortality, and overall mortality. The 
results of several large-scale trials arc summa
rized in Table 2. Whereas several trials have in
cluded participants aged 50 years and greater, 
onl y one lH had persons who were more than 70 

years of age. 
Three major studies tested the ctfccts of lipid

lowering drugs in middle-aged men. The Hel
sinki Heart Study 2H and the Lipid Research 
Cl in ics Primary Prevention TriaI 2

(), HI reported 

decreases in CHD through cholesterol reduction, 
although overall mortality was not significantly 
different in experimental and control groups. In 
contrast, the World I lealth Organization (WI 10) 
Cooperative Trial on Primary Prevention initially 
showed a significant reduction in nonfatal M I in 
the experimental group, no difference in fatal MI, 
and a significant increase in overall mortality in 

J 
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men receiving clofibrate. 3 
I Excess mortality in 

the treated group disappeared on long-term fol
low-up after cessation of the trial. Numerous rea
sons have been proposed for the increased mor~ 
tality seen in the clofibrate group, but a definitive 
explanation is lacking. 32.33 

Additional trials used interventions designed 
to lower several risk factors simultaneously, again 
using middle-aged men as subjects. Lipid alter
ation was generally sought through dietary modi
fication. Many of these trials were characterized 
by small risk factor reduction differential be
tween experimental participants and controls at 
follow-up. Examples of this included the MRFIT 
studyH and the Goteburg Trial in Sweden. 35 

Both studies achieved significant reduction of 
TC in the study group, but they also showed 
substantial cholesterol lowering in the controls. 
Neither found significant change between groups 

Table 2. Summary of Primary Prevention Trials of Upid Alteration. '" 

Sample Duration Lipid 

Name Composition (Yrs,) Intervention 

Heisinki2H 4.081 M. age 40-50 Gemfibrozil 
Non-HDL-C ~ 200 mg/dL 1.2 g/d 
(~5,17 mmol/L) 

Lipid 3.806 M. age 35-59 7-10 Cholestyra-

Research TC > 265 mg/dL mine 24 gld 
Clinics29,,,, (> 6.85 mmol/L) 

WHO l1 . l2 ,H 15.745 M. age 30-59 5.3 Clofibrate 
Mean TC 249 mg/dL 1.6 gld 
(6,43 mmol/L) 

MRFIT'· 12.866 M. age 35-57 5-6 Low-fat diet 
Mean TC 253 mg/dL 
(6.54 mmol/L) 

GiiteburgH 30.000 M. age 47-54 10 Low-fat diet 
Mean TC 250 mg/dL 

(6.46 mmol/L) 

WHO 49.781 M. ag:e 40-59 6 Low-fat diet 

European Mean TC 217 mg/dL 

Collaborative'· (5.61 mmol/L) 

Oslo" 1.212 M. age 40-49 Low-fat diet 
TC 290-379 mg/dL 

(7.49-9.79 mmol/L) 

LAVA 846 M. age 50-89 8.5 Low-fat diet 

Domicilary'H Mean TC 234 mg/dL 

(6.05 mmol/L) 

Colestipol"'" 757 M. 936 W. Mean Colestipol 

age 54; TC 2: 250 mg/dL 15 g/d 
(~ 6.46 mmol/L) 

*M = Men. W = Women. NS = Not Significant. NA = Not Available. 
tResult is not statistically significant at P < 0.05 level. 

in cardiac endpoints. The WHO European Col
laborative Trial only produced a net TC reduc
tion of 1.2 percent, and there was no significant 
difference in CHD incidence or mortality after 6 
years. 36 The Oslo Study reported significant TC 
reduction in markedly hyperlipidemic men dur
ing a 5-year period and found a 47 percent risk 
reduction in CHD.37 

Other studies have differed in design, produc
ing interesting results despite possible flaws. An 
early, combined primary and secondary preven
tive trial of a diet high in unsaturated fat was 
performed on men veterans in the Los Angeles 
Domicile. 38 The average age of the 846 partici
pants was 65.5 years (range 50-89 years). After 
8 years of follow-up, the experimental group 
showed lower TC and a decreased number of 
CHD endpoints. However, no difference was 
seen in all-cause mortality, and the statistical 

Lipid Change in Decrease in CHD 
Experimental Group Incidence and 

TCW HDLm LDLW Mortality Comments 

11% 10% 11% Incidence 34% No change in overall 

Mortality NS mortality; no age strata 

presented 

13% NS 13% Incidence 19% No change in overall 

Mortality NS mort~lity; no age strata 

presented 

9% NA NA Nonfatal MI 25% increase in overall 

25% mortality in clofibrate 

Mortality NS group 

7% NS 7% Mortality 7%t Modest differences be-

tween experimental and 

control groups' risk 

factors 

7% NA NA Incidence NS No difference between 
Mortality NS experiment~1 and control 

groups' TC reduction 

I%t NA NA Incidence NS Slight difference between 

Mortality NS experimental and control 

groups' risk factors 

13% NA NA Incidence 47% Fewer. but NS overall 

Mortality 38%t deaths in experimental 

groups 

20% NA NA Mortality 32% No change in overall 

mortality; some men 

bad pre-existing CHI) 

10% NA NA Mortality NS Randomi7.ation did not 

consider EKG. 

smoking status 

Cholesterol and Heart Disease 275 
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power of the study was hampered by its small 
sample size. Another dietary trial on men volun
teers aged 40-59 years achieved lowering of TC 
and CHD in the experimental group, but smok
ing status and EKG abnormalities were not in
cluded in tests of randomization, and there was a 
high dropout rate. w A randomized, single-blind 
trial of colestipol treatment was performed in 
2278 hypercholesterolemic persons (mean age 
was 50.5 years for men, 57.0 years for women), 
some of whom had pre-existing coronary dis
ease:Hl TC was significantly reduced in the ex
perimental group, but CHD mortality was un
changed for men who were free of CHD at the 
start of the study. Women also exhibited no 
change in CHD with treatment, and the ran
domization process did not consider CHI) his
tory, smoking status, and EKG abnormalities. 

SecondCllJ' Prcl'crztiorz Trials 
The high prevalence of CHI) in the elderly neces
sitates careful scrutiny of secondary prevention tri
als. These studies generally have used a shorter 
follow-up period and smaller sample size to observe 
an etlect. A summary of prominent secondary pre
vention trials that included sample participants 
aged> 50 years appears in Tables 3 and 4. Results 
of these investigations are more consistent than was 
seen for the primary prevention studies. 

Several studies have used recurrence of Cll J) 

events or mortality as endpoints Crable 3). Per
haps the most significant of these was a trial of 
niacin therapy on M I survivors, which was part 
of a larger study conducted by the Coronary 
Drug Project Research Group (CDPRG).-II,-I2 Us
ing a randomized, double-blind design, 1119 men 
aged 30-64 years received 3.0 grams of niacin per 
day for 6.2 years. Results showed significant re
duction of TC and reinfarction in the niacin 
group, but no change in overall mortality. Re
analysis at 15 years of follow-up, however, 
showed a significant decrease in overall mortality 
in the treated group, which held for participants 
aged> 55 years. Two studies of clofibrate ther
apy on patients with angina or previous MI were 
conducted during the late 1960s in Great Brit
ain.-IH-I Researchers examined relatively small 
samples of both men and women aged 40-69 
years and followed them for at least 5 years. 
Randomization did not succeed in significantly 
matching placebo and control groups for smoking 
habit and prior CH D in one of the projects, -13 and 
there were significantly higher TC values in the 
male placebo group on entry in the others.H Both 
studies recorded significant decreases in sudden 
death and overall mortality in clofibrate-treated 
persons with a history of angina; only one study 
found an overall reduction in mortality among all 

Table 3. Summary of Secondary Prevention Trials of Upid Alteration Using CHn Incidence and Mortality as Endpoints.'" 

Sample Duration I,ipid 
Name Composition (Yrs.) Intervcntion 

(:onJllary 1119 M, age 30-M in 6.1 Niacin 
Drug Project study group, J\ II 3.0 gld 
Research SlIr\'1\'ors 

( ;roup41.42 

Newcastlc4;.4' ·H)O .'1, 1)7 W, ( :Iotibratc 
mean age = 53, with U-1.0 gld 
prior" 11. angina, or both 

ScottishH4 ' 5H3 M, 114 \V, 6 ( :Iofihrate 
mean age = -'3, (range 1.6-2.0 gld 
40-69), with prior 
MI, angina, or hoth 

( :olcstipoilli l.17 ,\1, HH \V, (:olestipol 
mean age = 54, with 15 gld 
prior J\'Il, angina, or both 

*\1 = ,'"len. W = Women, NS = "ot Significant, NA = ~ot .\\'ail'1hlc. 
'I'Heslllt is not statisticallv significant at P < 11.0; !c·vel. 

27(, JABFP Octoher-December 191)0 Vol. 3 No.4 

I jpid (:hange in Decrease in CI I D 
Experimental (;roup Incidence and 

Tc(~) IIDUt ) WLW i\ lonality Comments 

107, NA Nt\ Nonfatal ;\II 16% ,\Iorralin' reduction 
(>lnall mortality noted after IS-veal' 
I I ~!{ follow-up 

Il'Y, Nt\ N.\ Fcwer nonfatal Significant ditterences in 
MIt. Overall smoking, EK(; patterns 
mortalit\' 437r, between experimental 

group and controls 

I V;; NA N.\ Fewer nonf:ltal No change in overall 
.\ 1I'i', Lower !llortality 
CHD mortality-r 

1m; N.\ ;\il\ (lverall mortalitv No reduction in 
()()()(, ill Tnell mortalitl' in lI'omen 
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Table 4. Summary of Secondary Prevention Trials of Upid Alteration Using Coronary Anglographic Endpoints.· 

Sample Duration Lipid 

Name Composition (Yrs.) Intervention 

NHLBI 116 M, age 21-55 years Cholestyraminc 
Type 1147 with hypercholesterolemia 24 gld 

and CHD on 
angiography 

CLAS4H 162 M, age 40-59 years, 2 Colestipol 30 gld, 
with prior coronary niacin 3-12 gld 
hypass 

Nikkila, 26 M, 2 Wunder 57 years 7 Clofihrate 2 gld, 
et a1.4'1 as experimental group; niacin 2 gld, 

20 controls; all with or hoth 
2- or 3-vessel CHD 

Leiden 35 M, 4W age 33-59 years 2 Vegetarian diet 
Intervention with ~ 50% stenosis of 
Trial'fI at least one 

coronary vessel 

'M = Men, W = Women, NS = Not Significant, NA = Not Available. 

participants.45 A very early study of dietary 
modification in MI survivors reported no im
provement in the treated group, but the results 
were severely flawed by small sample size (264), 
brief duration (3 years), and a randomization de
sign that lacked baseline assessment of group 
comparability for smoking status, blood pressure, 
and EKG patterns.46 Among men participants 
with prior CHD in the previously mentioned co
lestipol trial, the treated group had highly signifi
cant reduction in CHD mortality.40 

More recent trials of secondary prevention 
have used coronary angiography to monitor end
points of coronary stenosis, permitting higher 
statistical analytic power with smaller samples 
(Table 4). Two of the more prominent studies of 
this type modified lipids through pharmacologic 
means in middle-aged men.47,48 On repeat angi
ography, the experimental persons had signifi
cantly less progression of atherosclerotic plaques 
than controls and exhibited more regression of 
plaques in one of the trials. 48 Two smaller studies 
documented similar findings and found that fa
vorable endpoints were related to successful low
ering of the TC/HDL ratio.49,5o 

In contrast to the cohort studies, experimental 
research exhibits some conflicting findings. 

Lipid Change in Ohserved Change 
Experimental Group in Coronary 

TCW HDL(t) LDLW Stenotic Lesions Comments 

17% H% 26% Sibrnificantly less All NS trends in 
definite or proh- favor of cholestyra-
ahle progression mine group 
in cholestyramine 
group 

26% 37% 43% Sibrnificantly less Significantly more 
progression in regression in 
treated group experimental group 
for all measures 

18% \0% 19% Significantly less Progression related 
progression, to TC/HDL ratio 
10werCHD 
mortality in 
treated group 

10% NA NS No progression Progression related 
of lesions in to TC/HDL ratio; 
IH of the uncontrolled study 
participants 

Many of the trials contained features that make 
their results difficult to evaluate. Some resulted 
in substantial cholesterol lowering in both experi
mental and control groups and subsequently 
failed to show a difference in CHD risk. 34,35 An
other was not able to achieve significant reduc
tion of TC. 36 Several trials reported reduction of 
CHD in the experimental group, but no signifi
cant overall decrease in mortality.28,29,37,44 The 
angiographic studies must be viewed with some 
caution, because it is uncertain whether an end
point of "less progression" translates clinically 
to a lowering of CHD risk. Catheterization stud
ies also have potential problems with inter
and intra-observer variability, but this was con
trolled for somewhat in two of the studies 
by blinding the physicians who evaluated the 
angiograms.47,48 

Despite these points of issue, the experimental 
studies have established several concepts regard
ing risk reduction through lipid modification. 
Taken as a whole, the primary prevention trials 
have shown a definite reduction in the CHD inci
dence with modification of cholesterol through 
pharmacologic means, excluding the use of clofi
brate. Dietary trials that successfully lowered TC 
have also reported decreases in CHD. The effi-
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cacy of primary prevention in reducing overall 
mortality has yet to be established. Secondary 
prevention of C( ID mortality through choles
terol modification has consistently been found. 
All-cause mortality reduction has also been 
shown in secondary preventive trials, but further 
data are rcquired to establish this finding firmly. 
It is clear that reduction of the TC/HDL ratio 
through diet or drug intervention inhibits pro
gression of coronary atherosclerosis and may in 
fact cause regression of plaques. 

Application of these results to the elderly pop
ulation can only be indirectly supported because 
of the lack of studies involving persons greater 
than 55 years, let alone those more than 65 years. 
There is no evidence that cholesterol lowering 
would not reduce CHD risk in older adults. Be
cause heart disease is so widespread in the aged, 
even mild CHD risk reduction through lipid al
teration would potentially have a large overall 
preventive effect. 

Discussion 
This review has shown that total cholesterol, and 
especially its HDL and LDL subfractions, re
mains associated with CHD in the elderly. Al
though the risk of CHD with abnormal choles
terol decreases with age, the risk difference 
between persons with high cholesterols com
pared with those with desirable levels stays con
stant. Randomized controlled trials show that 
while primary prevention of CHD incidence can 
he achieved through lipid modification in pre
dominantly middle-aged, male cohorts, reduc
tion in CHD and overall mortality through cho
lesterol lowering has not yet been adequately 
demonstrated. Experimental research, again in 
largely middle-aged populations, offers convinc
ing evidence that secondary prevention of CHD 
is attainable. Lowering of the TC/HDL ratio re
sults in less progression of coronary lesions and 
may cause regression of atherosclerotic plaques. 

Further research should focus on three issues. 
First, experimental studies are needed to deter
mine whether primary prevention of CHD 
through cholesterol reduction is effective and 
safe in the elderly. Second, studies examining the 
functional outcomes of lipid modification should 
be performed. Third, the costs of case finding 
and treatment of dyslipidemia in the older popu
lation as a whole need to be explored. 

27H JABFP October-December I <)<)0 Vol. J No. "* 

To define precisely the relation of cholesterol 
and CHD risk in the elderly, a large randomized 
trial of lipid modification in a geriatric population 
with long-term follow-up would be required. 
Given the cost as well as associated feasibility 
issues, it is unlikcly that such a study would be 
funded in this country. Smaller studies of the 
antilipemia agent lovastatin in older adults are in 
progress and should provide valuable informa
tion regarding drug therapy in the elderly. Very 
little research has been performed concerning di
etary alteration of blood lipids in older age 
groups. Because physicians are often reticent 
about drug treatment of dyslipidemia, more 
work examining both the benefits and hazards 
of dietary therapy in the elderly needs to be 
performed. 

Much emphasis is placed on the efficacy of 
cholesterol modification in lowering CHD or 
overall mortality. As Fried and Bush appropri
ately point out, it may be more beneficial from a 
geriatric perspective to consider the ability of 
lipid therapy to prevent morbidity rather than 
mortality.51 Not only does cholesterol lowering 
have the potential to reduce morbidity in the eld
erly through prevention of CHD, it may also do 
so through prevention of other cardiovascular 
disorders. Several studies suggest that this may 
be the case for stroke and peripheral vascular dis
ease:'2-S6 Additional research should focus on the 
relation between abnormal serum cholesterol and 
morbidity, which would include testing the effi
cacy of lipid modification in the prevention of 
functional decline in the e1derlv. 

Because of the high prevalence of lipid dis
orders, the cost-benefit issues of treatment must 
be considered as an important research topic. 
Health services researchers have come to con
trasting conclusions about the overall utility of 
cholesterol treatment. 57-59 Most of the analyses 
performed have not included older adults. Obvi
ously, it will be important to assess the costs of 
treating dyslipidemia in the elderly as more in
formation is gathered about its beneficial effects. 

Clinicians need to evaluate the current evi
dence about screening and treatment of hyper
cholesterolemia in older patients. Recently, much 
has been written on how the existing data should 
be interpreted, citing issues of language use when 
study findings are reported, the difference be
tween treatment of manifest disease and modifi-
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cation of risk factors, and the translation of epide
miologic data to individual cases.60 There is 
strong evidence that an elevated serum choles
terol is associated with CHD in older adults. In 
the context of a mass screening, then, a high cho
lesterol would suggest an increased risk of CHD, 
even in the elderly, and would warrant further 
diagnostic investigation. However, it also has 
been shown that the efficacy of lipid treatment in 
the elderly is yet unproved, forcing physicians to 
make management decisions on the available, al
beit inadequate, data. 

Recommendations about detection and treat
ment of dyslipidemia in the elderly have differed. 
Garber, et al. suggested that testing for elevated 
cholesterol should be optional in persons aged 
more than 70 years because benefits of treatment 
in this age group have yet to be proved.61 In a 
subsequent report prepared for the federal Office 
of Technology Assessment, these same authors 
(plus three others) stated that without beneficial 
evidence, cholesterol screening and treatment in 
those more than 65 years old could not be recom
mended.62 In contrast, the National Cholesterol 
Education Program guidelines for classification 
of serum cholesterol "are uniform for adult men 
and women of all ages.,,63 However, the report 
later states that treatment of high cholesterol in 
persons greater than age 60 years is up to the 
individual discretion of the physician. 

As in all areas of geriatric care, treatment of a 
disorder must be carefully weighed against possi
ble adverse effects of therapy. Some authors do 
not recommend cholesterol modification after 
age 70 years, arguing that lipid-lowering agents 
have potentially serious side effects and that low
fat diets can contribute to malnutrition.64 Others 
recommend only dietary treatment in the eld
erly.65 Conversely, several reports have called for 
relatively aggressive treatment of lipid disorders 
in the elderly, even drug therapy if necessary.66-70 

When caring for geriatric patients, primary 
care physicians must consider a complex array of 
biophysical and psychosocial issues. Cholesterol 
management in the elderly not only requires 
evaluation of cardiovascular risk and benefit but 
also assessment of functional status, risks of mal
nutrition or adverse drug effects with treatment, 
ability to pay for treatment, ethnic issues of di
etary habits, quality of life, and a variety of other 
factors. For these reasons, it would be premature 

to recommend definite guidelines for blanket de
tection and management of lipid disorders in per
sons aged> 65 years. Yet, there is compelling 
evidence that dyslipidemia is a risk factor for 
CHD in the elderly. Keeping in mind the fre
quency of CHD in older persons, it seems reason
able to devote clinical attention to detection and 
treatment of dyslipidemia in elders who have no 
contraindications to lipid-lowering therapy. Case 
finding would involve screening for elevated se
rum cholesterol in healthy elders, with lipopro
tein typing of persons with high TC (> 200 
mg/dL or 5.20 mmol/L), a history of CHD, or the 
presence of two other cardiac risk factors. Di
etary, exercise, and drug therapies to lower the 
TC/HDL ratio should be employed if treatment 
poses no undue risk. In addition, patients should 
be monitored carefully for signs of malnutrition, 
adverse drug effects, or functional decline. 

I am grateful to the following persons for their helpful com
ments in the preparation of this manuscript: Rebecca Silliman. 
M.D., Ph.D.; Patrick E. McBride, M.D., M.P.H.; and John Mur
phy, M.D. I also thank Debra De Silva and Beverly Hall for their 
valuable technical assistance. 
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