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The Benefits of Treating Hyperlipidemia
to Prevent Coronary Heart Disease

Estimating Changes in Life Expectancy and Morbidity

Steven A. Grover, MD, MPA, FRCPC: Michai Abrahamowicz, PhD; Lawrence Joseph, PhD:;
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Objective.—To evaluate the lifetime benefits of reducing total serum cholesterol
levels to prevent corgnary hear disease (CHD).

Design.—We developed a CHD primary prevention computer model o estimate
the benefits associated with lifelong risk factor modification. We validated the model
by cormparing the compuler estimates with the cbserved results of three primary
CHD prevention trials.

Patients.--Men and women age 35 10 65 years who are free of CHD, with total
serum cholesterol levels ranging from 5.2 1o 7.8 mmol/L (200 to 300 mg/dL), with
or without additional CHD risk factors.

Interventions. —Serum cholestarol reduction through dietary modification or
diet and medicaticns.

Main Outcome Measures.—Changes in life expectancy and the delay of
symptomatic CHD.

Results.--The computer forecasts for CHD end points closely matched the ob-
served results of the Lipid Research Clinics Trial, the Helsinki Heart Sludy, and
MRFIT. We then applied the computer model to low-risk and high-risk men and
women with iotal serum cholesterol levels between 5.2 and 7.8 mmol/L (200 and
300 mg/dL) and estimated that, afer reducing serum cholesterol fevels 5% to 33%,
the average life expectancy would increase by 0.03 to 3.16 years. We also fore-
cast that the average onset of symptomatic CHD would be delayed among these
patient groups by 0.06 to 4.98 years.

Conclusion.~We conclude thal this computer model accuralely estimates the
results of ¢linical trials and can be used to forecas! the changes in life expactancy
and morbidity {the development of CHD) associated with specific CHD risk reduc-
tion interventions. The wite variation surrounding these estimates underscores the
need to better define which groups of individuals will gain the most from cholesterol
reduction. :
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THEPRIMARY prevention ol corenary
lieart disease (CHD) by reducing total
serum cholesterol levels has been con-
clusively demonstrated in a number of
randomized controlled clinical trials. '
This has resulted in a growing consen-
sus to implement nationwide sereening
to detect and treat hypercholester-
vlemia.** However, others remain crit-
ical of the potential benefi(s of such a
massive primary preventic program, ™9
Accordingly, the current debale sur-
raunding cholesterol reduction asks not
only “Can it reduce CHD events?" hat
also “How substantial are the long-term
benefits?” While the first question is of
great imporlance to medical scientists,
the second is equally important to pa-
tients, practicing physicians, public
health officinls, and health fundmg agen-
cies,

Unfortunately, clinical trials usually
last 6 to 10 years. While they may dem-
onstrate  that cholesterol reduction
works iu the short term, they are un-
able to define the long-term benefits Lhat
might acerue aver a lifelime of inter
vention. The costs of extending a ran-
domized trial over the lifetime of all the
participants would likely be prohibitive,
Nonetheless, clinieal and policy decisions
must be made despite the limited infor-
mation al hand.

Patients advised to alter dictary hah-
its or to stari taking medication inay ask
“How much longer will 1 live as a result
of Lhis intervention?” Decreased mor-
bidity orimproved quality oflife through
the delay of symplomatic CHD is also
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Fig 1.—Qverview of coronary heart disease (CHD) model. Persons free of CHD enler the model at age x
years and ara al risk {Prob) of CHD events over the following year. Those who develop CHD may sutfer
a CHD death or a ron-CiD death and are removed from the model. At the end of 1 vear, all survivors with
CHD age 1 year {x+1) and remain at risk of CHD or non-CHD daath. All persons without CHD remain at
risk of nen-GHO dealh, and the survivors after 1 year reenter the madel at aga x+1.

an implicit goal of risk factor modifica-
tion. To date, nelther of these impor-
tant clinical outcomes has been empir-
ically determined.

To estimate the inereased life expect-
ancy associated with GHD risk facter
modification ameng patients free of
symptomatic disease, we have devel-
oped a computer model based on the
Framingham Heart Study, Canadian
Life Tables, and Canada Health Survey
Data. Incorporating a life-table ap-
proach, this model estimates the aver-
ageincreased life expectaney associated
with modifying one or more CHD risk
factors. It also forecasts changes in one
measure of morbidity: years of life free
of symptoms of CHD, including angina,
coronary insufficiency, and myocardial
infaretion.

We have validated this model by com-
paring the computer estimates with the
published results of three major clinieal
trials. Given the model's accuracy, we
then forecasted the expected benefits of
reducing different levels of total serum
cholesterol among men and women of
different ages at high and low risk for
CHD. The results of these analyses un-
derscore the tremendous variation sur-
rounding the estimated benefits of cho-
lesterol intervention.

METHQDS
Primary Coronary Events

The primary CHD model caleulates
the annual probability of dying from
CHD or other (non-CHD) causes and
the annual risk of specific CHD events
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for an individual free of CHD al entry
into the madel (Fig 1). The annual prob-
ability of each specific CHD event (total
CHD, CHI death, and myoccardial in-
farction)was based en Framingham mul-
tivariate logistic regression madels pub-
lished in 1987." These models estimate,
for men or wormen, the probability of a
CIID event during an 8-year period as
a function of age, diastolic blood pres-
sure (DBF), total serum cholesterol level
{CHL), the presence of left ventricular
hypertrophy (LVH), the presence of glu-
cose intolerance (GL), and the pres-
ence of cigarette smoking (CIG}, as de-
fined in the Framingham Heart Study.
To determine the annual probability of
aCHD event, the ealeulabed 8-year prob-
ability was divided by eight. We there-
fore assumed that the distribution of
events belween years 1 and 8 was es-
sentially uniform, so that one eighth of
the 8-year probabilily approximated the
annual probability. This simplifying as-
sumption was made after inspecting the
published probability estimates for de-
veloping CHHD over 2, 4, 6, and 8 years.
Dhividing each probability estimate by
the years of follow-up demonstrated sini-
ilar annual GHD risk estimates over 2 to
8 years of follow-up,

The annual probability ol CHD events
was Lhen adjusted for the level of high-
density lipoprotein (IIDL} cholesterol
using a gender-specific HDL modifier
(HD L, for men or women. This ad-
justment was caleulated by fitting an
exponential curve to the HDL multipli-
ers published by the Framingham

Study,™ so that:

HD g = exp (1.80 - 0.040 x 1IN
for men, and

DL =exp (242 -0.044 x D1
for women.
Therefore, in our model, the annual

probability of all CHD events is caleu-
lated as:

(1/8) = {lexp (RISK)A 1 +exp (RISK)]}
* (HD o),

where RISK is a function of gender-

specific Framingham Study $ coeffi-

cients, so that, for men:

RISK =(0.29 x AGI) — (0.0015 x AGE®Y
+(0.02 % CHL)+(0.02 x DB
+(0.44 x CIG)+(0.62 % LVH)
+(0.28 x GL1N
—{0.00027 x CHL x AGLE)
—17.01,

Speeific end points included the risk of
myocardialinfarction, uncomplicated an-
gina pectoris or coropary insufficiency,
CHD death, all CHD events, and nen-
fatal CHD (all CHD events minus CIID
deaths).

Cholesteral  reduction  oceasionally
incredsed risks among the elderly
(age =74 years) due to a negative coeffi-
cient for the age-chelestersl interaction.
We assumed that this effect represented
a modeling phenomenon, nol a clinieal
one, because the Framingham model was
based on individuals age 35 through
74 years at entry. Therefore, we cora-
puted the age-specific annual GIHD risk
until age 74 years and then fixed all sub-
serquent yearly righs at that level so thal
the asscciation between serum choles-
terol level and CHD risk might approach
zero bul was never negalive.

All-Cause Mortality and
Noncardiac Events

The annual mean age- and sex-spe-
cific probability of all-cnuse death
(Probl ACD ui]) was based on 1986 Ca-
nadian Life Tables published by Statis-
ties Canada.' These tables present the
age-specilic annual probability of dying
from all causes for men and women in
Canada starting at bivth and terminat-
ing at age 102 years. This mean annual
probubility was adjusled for the relu-
Live risks (RRs) associated with ciga-
rette smoking (yes or no), glucose in-
tolerance {ycs or no), and the level of
DBPF using logistic regression (B) coel-
fieients published hy the Framingham
Study, ' which identified these fisk fae-
tors as being significantly associaled
with all-canse mortalily. The age- and
sex-specific distribution of these risk fac-
tors was based on Canada Health Sur-
vey data. " We used absolute rather than
standardized B coefficients to make the

Teealing Hypertipidemia—Graver et Al B17




results independent of any potential dif-
ferences in risk factor distribution he-
tween the Framingham and Canada
Health Survey samples. The estimates
ofthe RRs, based on p coefficlents, were
lhen correcled for the fact that, in the
logistic regression model, the probabil-
iLy associated with the mean value of
the risk factor distribution is lower than
the mean of individual probabilities cal-
culated [rom the same distribution. In
the case of DBP, the approximate cor-
rection propesed by Berwick et al¥ for
continupus risk factors was used, re-
sulling in;

RR.{DBP)—exp {(DBF — DBPcaw)
- [(Bﬂt)2f!2]}s

where DI P;an indicates the mean DBP
reported by the Canada Health Survey
and B, Is the standardized @ coefficient
for DBE.'® For a binary risk factor (CIG
or GLT) with the reported prevalence
Pran, the uncorrected relative risk as-
sociated with level @ (where x=10r 0,
denoting the presence or absence of a
risl factor, respectively) was calculated
as:

RR(z) = exp IB(x — poan)].

Accordingly, the following exact formula
was obtained and used for computing
the corrected RR for a specific patient
group in which the prevalence of thig
factor equals m

mRE(1}+(1 - T RRO)

peasRR(+(1 - paan) RR(®Y

Tn a group of palienis bhomogeneous
with respecet to a given binary risk
factor, o is set to 0 or 1 and the
above formulas still hold. Finally,
based on these results and the dem-
onstrated independence of risk fac-
tors, the probability of all-catse mor-
Lalily associated with o given risk
profile was computed as:

Prob [ACIHDBP,CIG,GLUY =

Prob (ACD e} % RE(DBT)

¥ RRdCIG) % RE{GLUL

The probability of non-CHD death was
caleulated as the difference between all-
cause mortality and CHD mortality. As
non-CHD mortality was assumed to be
independent of lipid levels and left ven-
triculurhypertrophy, we did not include
specific CHI risk profile levels in this
caleulation of CHD risk but rather used
population-based  estimates  from
Iramingham Study and Canada Health
Survey data.

These elements were integrated into
a primary CIHD life-table model. Each
year, a number of individuals are pre-
dicted to die of CHD or other causes and
are removed from the group at risk.
Individuals who suffer nonfatal CHD

BB (m) =
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evenls werg inoved from the primary Lo
the secondary CHIY model.

Secondary Coronary Events

In the seeondary CHD mndel, the risk
of dying during the 12 months following
anonfatalinyocardial infarction (M1} was
estimated from Framingham data. ™ The
risk of other secondary CHD events was
based on the annual risk of primary CHD
events after adjustment for the pres-
ence of CHD. This adjustment was also
based on Framingham data.’ For ex-
ample, [or men age 35 through 64 years,

Prob [CID (M) =
4.44 % Prob [CHD,.m(Ne MDD

CHD Model

The nbove submodels were then in-
tegrated into a CHD madel in which all
individuals entering the model were as-
sumesl to be free of CHD at Lime 0 (Fig
1). Each year a number of individuals
were predieled Lo die of CHD or other
{(non-CHD) causes, The risk of nonfatal
CHD events, such as myocardial infare-
tion or angina pectorisfeoronary insuf-
ficiency, wasg also computed, and these
individuals then moved from the pri-
mary CHD model Lo the secondary CHD
model. At the end of 1 year, the number
of remaining individuals at risk for pri-
mary CHD was calculated as the dif-
ference hefween those at the beginning
of the year and those who had died and/
or developed CHD, The annual cumu-
lative mortality differences among sur-
vivors (with and without intervention)
over the total life expectancy repre-
sented the total years of life saved fol-
lowing intervention. Dividing the total
years of life suved by the original num-
ber of iudividuals at risk at time 0 re-
sulted in the average years of life saved
per individual.

To caleulale years of life free of CHD,
we used a similar procedure, and the
outenme of interest included the devel-
opiment of CIID (angina, coronary in-
sufficiency, or myocardinl infaretion) or
death.

Mode! Validation

The accuracy of this computer
model was evaluated using data from
three CHD primary prevention clini-
cal trials, They included the Helsinki
Heart Study™™ and the Lipid Re-
search Clinies Corvonary Primary Pre-
vention Trink'® The Multiple Risk
Factor Interveution Trial (MRFIT),
for which the interventions inecluded
smmoking cessalion, cholesterol redue-
tion, and the control of hypertension,
was also evaluated 28

The risk profiles of subjects following
randamization were obtained fvom pub-
lished reports that included summary

statistics for age, sex, total serum cho-
lesterol level, HDL cholesteral level,
and DBP and the prevalence of ciga-
retle smokers, left ventricular liyper-
trophy, and glicose intolerance (Table
1}. When multiple measures at differenl
visits were available for the preinter-
vention or postintervention stales, we
averaged the results to summarize Lhe
exparience of eohorty in each trial

FFor MRFIT, smoking cessation rates
were published as reported by patients
themselves or adjusted using the serum
thiocyanate leve!l as a more objective
measure.” Ior pur analysis, we caleu-
laled postintervention smoking rates as
the average of the reported smoking
prevalence (RSP} over six annual visils
corrected for the Lhiocyanate-adjusted
quit vate at 12 meonths:

REP x [{1 — Thiceyanate-Adjusted Guit
Rale)(] -- Reported Quit Rake)),

eg, for the special intervention group
aller ntervention {for which RSP =
0.342),%2

CSP = 0.342 » [{1 —~ 0.31/1 — 0.43)]
= 41.4%,

where OST indicates corrected smoking
prevalenee,

Life Expectancy and
Lipid Medification

Ty estimate the lifetime benelils as-
socialed with reducing the lotal seram
cholesterol level, the computer model
was applied to a range of patient pro-
files. This analysis focused on low.risk
men or women age 35, 45, b5, or 65
years whose only risk factor for CHD
wasg hypercholesterolemia, as well as on
high-rigk individuals with hypercholes-
terolemia and hypertension who smolked
eigarettes,

To estimate the potential benefits of
treating hyperchstesicrolemia, varying
levels at baseline were considered, in-
cluding 5.7, 6.2, and 7.8 mmol/Ls (220,
240, and 300 mg/dL). The expected re-
duction in total serum cholesteral level
was assumed Lo be 5% for dietary in-
tervention, based on the obzerved re-
ductions of 4.9% and 5% published by
the Lipid Research Clinies Trial' and
MRFIT.*® A reduction te 5.2 mmol/l.
for treatment with diet and medication
was baged on the current recommensda-
tions of various expert panels.™*

Statistical Analyses

Tn comparing Lthe resuits of the ¢lin-
ical triaks with those generated by the
computer model, 95% confidence inter-
vals (Cls){using the exact method) were
computed for all results of the clinieal
trials to account for the limited preei-
sion of these estimates.
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Table 1.— Average Patient Profiles From Clinical Trials*

MAFIT Helsink! Heart Study Lipid Research Chrics Trin!
uc 5 Placebo Gomtibrozil Placebo Choleslyramine
Baseline Levels
Age. y 46 46 A 47.2 A8 13
Sex M M M M M M
Tolal chotesterol, mmol/L 6.57 6.57 ) ™A T 778 7.78
HDL cholestero!, mmolL 112 1.12 . 1.24 1.23 1.20 1.19
Diastolic blood presaure, mm Hy 95.1 951 9.0 9i.5 an.o ' B¢
Smokes, % 613 61.6 35.8 8.5 370 AB.0
Lelt veniricular hypertrophy, %t o o a ] 0 o
Diabetes, %t ) e 29 24 0 )
Intervention i.e\re1$ N

Total cholesterol, mmolf 6.31 513 706 .36 7.37 661
HDL cholesterd, mmoiik, 114 113 122 R 120 TS
Diastolic blood pressure, mm Hyg 859 az2.1 1.0 91.5 785 78.0
Smokers, % 5101 414t “Taza T a0 305 ’ ats

*MAFIT indicatas Multiple Risk Facior ntervention Trial; UC, usual care: Sl, special intervention; and HOL, high-density fipoprotein.
1A value of 0 indicates that this facler was nol prasenl among parlicipans in tha sludy.
}Thiocyanate-adiusted smoking rates {see he "Melhods” section).

RESULTS
Model Validation

The computer model accurately fore-
casted the results observed in the Iel-
sinki Heart Study, Lipid Research Clin-
ics Trial, and MRFIT over 3, 7.4, and
10.5 years, respectively (Table 2). For
example, following 10.5 years of obser-
vation in MRFIT, fatal CHD ischemic
events numbered 31.4 per 1000 (95%
CI, 27.4 to 35.9 per 1000) in the special
intervention group and 35.1 per 1000
{95% CI, 30.8 to 39.8 per 1000} in the
usual care group, corresponding to com-
puler estimates of 26.7 and 32.6 per
1000, respectively. Annual CHD event
rates (available only for MRFIT and the
Helsinki Heart Study) forecasted by the
madel fell within the 95% Cl of the
observed results in 25 (96%) of 26 in-
stanees, The computer model was fur-
ther evaluated by comparing all-cause
mortality; in MRFIT, 12{75%) of the 16
forecasted annual mortality rates fell
within the 95% CI of the observed re-
sults. The estimated cumulative event
rates also closcly matehed those observed
in the clinical trials (not availabie for the
Lipid Research Clinics Trial) (Fig 2).

We also estimated the lifetime bene-
fits of treatment based on the risk factor
modification observed over the short-
term follow-up of these clinical trials,
Among those using cholestyramine in
the Lipid Research Clinies Trial, the
net benefits of treatment compared with
diet alone would average 0.70 years of
life saved for each individual. Among
those using gemfibrozil in the Helsinki
Heart Study, the lifetime benefits of
treatment would average 1.06 years of
life saved. In MRFIT, the net benefits
for the special intervention group com-
pared with the usual care group follow-
ing reductions in total serum cholesterol
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Table 2.—Vvalidation of Compular-Estimated CHD Evenis Against Ihe Observed Resulis of Clinical Trals*

Events per 1000

Clinlgal Mean Computer Ohserved (95% Conlfidence
Trial Follow-up, y Measure Estimate Result Interval)
MHAFIT 05 CHD dealbs
Sl group i 4 (27410 359)
UC group 326 35.1 (0.8 to 39.8)
Total doaths
St group 08 77.2 (70.7 10 B3.8)
LE group 85 83.4 {76.8 1o 90.3}
Lipid Research
Clinics Trial 7A CHD deaths
Cholestyramine 13.9 i57 {11.110 22.4)
Placebo 207 0.0 (146w 27.4)
Tl deaths
Cholestyraniinag 452 357 [28.210 45.0)
Placebo 50.1 37.4 {288 o 46.9)
Helsinki
Heart Sludy ] Cardiaz avenls
Gemfibrozil 308 27.3 (21.110 35.3}
Flacebo 438 41.4 (332,61 51.0)
Monfatal myacardial
inarctions
Gemfibrazii 209 219 [16.510 28.3)
Placebo 24.3 350 {27910 43.9)
CHO deaths
Gemfibrozit 0.0 ] (4.1t 11,4}
Placebo 14.6 9.4 (6.010 t4.6)
Teral doaths
Gemfibrozil ) 2T 21.9 (16.51029.3)
Placebo 322 207 (154 1027%

m

*GHD indicates coronary heart disease: MRFIT, Mulliple Risk Faclor Intervertion Trial; SI, spocial intervention;

and U, usuat cara,

level, smoking cessation, and blood pres-
sure reduction would average 1,14 years
of life saved per individual.

Forecasted Changes in
Life Expectancy and Morbidity

The forecasted lifetime benefits of cho-
Iesterol reduction varied greatly depend-
ing on the baseline level, the presence
or absence of other risk factors, and the
age and sex of the individual, Among
35-year-oid men without other risk fae-
tors for CHD (low risk), reducing the
serum cholesterol level from 7.8 to 5.2

nmol/L (300 to 200 mg/dL) with diet
and medieation resulted in an average
increased life expectancy of 1.64 years
(Table 3). The average inereascd life
expeetancy among 35-year-old low-risk
women wag 0.98 years. The estimated
henefits decreased with advancing age,
so that the increased life expectaney for
those age 65 years was 0.31 for men and
0.41 for women.

Among low -risk individuals, the ay-
eruge increased life expectancy associ-
ated with dietary intervention alone was
usnally small, ranging from 0.03 years
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for B5-year-old men with a basecline se-
rum cholesterol level of 5.7 mmol/L to
0.32 years for 3b-year-old men wilth a
baseline serum cholesterel level of 7.8
mmol/L. This modest benefit was due
primarily to the small reduction in total
serum cholestero]l level we assumed
would oceur, on average, with isolated
dietary intervention.**

Among low-risk individuals the addi-
tional years of life free of symptomatic
CHD were approximately twofold
preater than the forecasted changes in
life expectancy. Similar patterns across
age and sex were obgerved. The max-
imun benefit was forecasted among 35-
year-old men and women with a choles-
terol level of 7.8 mmol/L who received
dietary intervention and medication. The
computer model estimated that the on-
set of symptomatic CHI would be de-
layed 4.05 years in men and 2.14 years
in women. Qlder men and women wauid
receive less benefit, as would those with
fower levels of baseline chelesterol. The
benefits of dietary intervention alone
were agaln medest, with a maximum
delay of 0.75 years predicted for 35-year-
old men with cholestercl levels of
7.8 mmol/L,

Similar caleulations were completed
for high-risk individuals who were also
hypertensive (DBP, 100 mm Hg) and
cigarctte smokers (Table 4). The gverall
benefits of cholesterol reduction tended
to be greater among high-risk individu-
als than among those at low risk. Esti-
mates of years of life saved ranged from
(.05 to 3.16 years, while years {ree of
CHD ranged from 0.06 to 4.98 years.
Trends across age groups, sex, and the
intensity of intervention were similar to
those described forlow-rigsk individuals.

COMMENT

This computer model accurately fore-
casted the results of short-term clinical
trials. Accordingly, in the absence of
long-term clinical trials, we have used
this model to estimate the lifetime ben-
efits of cholesterol reduction in terms of
life expectancy and years free of CHD.

Our analyses demonstrate that there
is wide variation surrounding the aver-
age benefits of cholesterol reduction for
men and women at different ages. Fol-
lowing lifetime treatment with drugs
and/or diet, the inereased life expect-
ancy would range from 0,03 40 1.64 years
for low-risk individuals. The delay in
CHD development would be approxi-
mately twice as large, 0.0610 4.05 years.

The results of this model are compa-
rable with those ol other published mod-
els.” Taylor et al® estimated that a
lifelong program of dietary modification
would result in a 6.7% decline in total
serum cholesterol level and an inereased
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Fig 2.—Estimaied results of the coronary heart disease (CHD) modsl compared with the observed results
of clinical trials. Top, CHD dealhs in the MAFIT Sludy, eomparing the estimated results for the special in-
tervention (St} and usual care (UC) groups with the observed results, Bollom, Estimated cardiac evenls (in-
cluding cardiac death and falal and nonfatal myocardial infarciion) for the gamfibrozil and placebe groups
in the Helsinki Hear! Study compared with the observed resulls,

life expectancy of 3 days to 3 months for
low-risk men and women age 20 Lo 60
years.™ Assuming a b% reduction in to-
tal serum cholesterol level after dietary
intervention, we calculated an increased
life expectancy of 11 days (0.03 years) to
4 months (0.32 years) for low-risk men
and women age 35 to 65 years,
Ourresulls are also similar to those of
arecent analysis by Tsevat et al, ® where
changes in life expectancy for 3b-year-
olds were estimated after cholesterol
reductinn. Reducing serum cholesterd
levels ranging {rom 5.2 to 6.2 mmol/L

(200 to 239 mg/dL} to 5.2 mmel/L (200
mgfdl} increased life expectancy 0.5
years for men and 0.4 years for women,
while reductions of levels ranging from
6.2 to 1.7 mmol/L: (240 to 299 mp/dL) to
5.2 mmol/Li (200 mg/dL) increased life
expectaney 1.7 years for men and 1.5
years lor women. We estimate that, af-
ter lowering serum cholesterol levels
from 5.7 to 5.2 mmol/L (220 to 200 mp/
dL), “low-risk’ men and women age 35
years would have an inereased life ex-
pectancy of 0,23 and 0.15 years, respec-
tively. For baseline cholesterol lovels of
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Table 3.--Estimated Benefits of Cholesterot Reduction Among Low-Pligk* Individuals

Yenrs of Lile Saved Yeats Froe of CHD

Pretraatmant by Age {y] at Intervention by Aga {y) at Intervention
Cholasterol Level, " : - .
__“r_rj_Tola’L intarvention Gender 15 45 55 13 kE 45 55 65
5.7 Diet only ¥ 014 RE 0.07 0.03 038 0.28 018 006
. F 0.08 0.08 0.0 .04 02l 018 T4 009
Medlication and diet M 0.23 0.19 0.12 0.05 06z 048 0.28 o1t
i F 015 0,14 011 007 036 032 0.25 035
5.2 Diet anly M 017 014 008 .03 0.44 0.33 01s oo7
F 610 0.08 007 " oos 0.24 02! 0.16 0.10
Magication and diet M 050 oA 025 040 131 101 087 0.21
L F 0a1 | 028 0.23 015 or4 066 0.51 )
7.8 Dist anly # 032 028 0.14 006 075 0.53 0.27 0.08
F 019 0.16 Toaz 007 a7 032 023 04
Medication and diet M 1.64 1.30 074 031 T 405 2.98 163 0.58
E 098 087 087 041 214 1.89 taz | 084

e
*As defingd by the absence of othar coronary hearl dlsease [CHD) risk tactors and a diasiolic biood pressura of &0 mm Hig.

Table 4. —Estimated Benefits of Chaleslaral Reduction Among High-Risk* Individuals

Yoars of Life Saved

Years Frea of CHDY
Prelreatment by Age {y] at Intervention by Age [y} et Intervention
Cholesiero Level, b - — . ~
mmalil. Intarvention Gender 35 45 55 65 kL3 45 55 65
R Diet only M 0.27 0.22 013 005 047 0.34 0.18 £.06
F oAl 010 008 005 021 0.10 0.13 0.07
Hedication and diel M 0.47 .38 0.23 0.10 “oal 0.5 0.31 0.1
F 0.19 0.17 013 008 0.36 032 023 013
6.2 Diet orly M 034 ez 0.6 D06 0.55 038 020 0.06
F 013 CE 0.09 0.08 024 ozl 0as .08
Madication and diel M 1.00 0.80 048 049 169 1.21 062 020
) F 0.29 0.35 .27 016 0.78 0.65 047 0.26
7.8 Diet only M 060 0.44 0.24 0.09 0.86 D.56 0.26 0.08
F ~oz4 0.20 .14 0.07 037 0.51 021 oH
Modicalion and dist w3 244 140 psa 4.08 340 T
F 1.25 109 0.80 046 “215 185 131 ari

R e

*As defined by tho presence of cigavetio smoking and a dlaslolic blood pressure of 103 mm Hy,

1CHD indicates corgnary haart diseasa.

6.2 or 7.8 mmoel/L {240 or 300 mg/dL),
the increased life expectancy after low-
ering levels to 5.2 mmol/L (200 mg/dL)
would be (.50 or 1.64 years, respectively,
for men and 0.31 or 0.98 years, respec-
tively, for women. Although our results
are slightly smaller than those reported
by Tsevat et al, our estimates are for
“low-rigk” individuals while Tsevat et al
used risk profiles for US men and
women. In addition, whereas Tsevat et
al used univariate coefficients, we use
multivariate logistic coefficients that es-
timate the effect of each risk factor after
adjustment for all athers,

As with any computer madel, one
must view these predictions with cau-
tion. Although this model has been val-
idated using clinical trials that focused
on middle-aged men, it is unclear how
accurately it will perform with other
patient groups, such as women, the very
young, and the very old. As there are
ongoing clinical trialsincluding these pa-
tietits, it will eventually be possible to
validate this mode} among these groups
as well. It must also be recognized that
this model assumes that there is no in-

JAMA, Tebruary 12, 1092—Vol 267, Na. &

creased risk of non-CHD death (cancer,
violence, ete) associated wilh risk factor
modification and therefore calculates the
maximum benefits of intervention. How-
ever, a nunber of studies have suggested
that the benefits of serum cholesterol
reduction may be altenuated by an in-
creased risk of death from non-CHD
causes [or reasons that. remain unclear.™

The final resulls of our study suggest
that the benefits of cholesterol redue-
tion would be greatest for young men
with very hiphlevels of total serum cho-
lesteral who are agpressively treated
with dietary medification and drug ther-
apy. Those with additional risk factors
would receive the most benefit. These
benefits are based on an expected re-
duction of total serum cholesterol from
7.8 mmol/Ls to 5.2 mmol/L, corrvespond-
ing te a 33% reduction that has been
demonstrated in some clinieal trials.M-*
The concomitant elevations i HDL cho-
lesterol asseciated wilh some drugs
would increase the estimated long-term
benclits of treatment.™

The 5% reduction we aseribed to di-
elary inlervention approximated from

the 1ipid Research Clinies Trial and
MRFIT would result in .03 to (.60 yeurs
of life saved and 0.06 to 0.806 years {ree
of CIID. However, mare intensive di-
ctary intervention could further reduce
{otal serum cholesterol levels, and this
would be associated with greater ben-
efite.™ For instance, if more intengive
dieting reduced the total seram choles-
terol tevel by 10% (while maintaining
the HD1L cholesterol level), this would
result in 0.06 to 1,15 years of life saved
and 0.11 to 1.69 years free of CHD.

This model suggesls decreasing ben-
efits associated with cholesterol modi-
fication initiated later inlife. Thisiscon-
sistent, with the observation that the
associntion between total serum choles-
terol level and CHD declines with in-
ereasing age.”® Moreover, competing
risks from other fatal discases, such as
cancer, will reduce the henefits of in-
tervention among older individuals.
Also, the benefits for women are, in
most caces, lower than those estimaled
[ov men with similar profiles.

This variation across age and sex s
particularly impertant given the eurvent
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recommendations for cholesterol screen-
ing and treatment. As total serum cho-
lesterol levels are highest among post-
menopausal women, the current strat-
egy to sereen all asymptomatic adults
would identify over 40% of these women
to have a “high cholesterol” level, over
6.2 mmol/L (240 mg/dL). ™ However, it
is among women age 55 years and over
that the estimated benefits of treatment
would be among the smallest, ranging
from 0.04 to 0.80 additional years of life
and 0.07 to 1.31 years free of CHD.
Clearly a nationwide cholesterol screen-
ing and treatment program must take
into consideration not only serum lipid
levels and the presence of other risk
factors but also the expected benefits of
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