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APPENDIX C: EXPENDITURE MODEL FOR DIAGNOSIS AND
TREATMENT OF hypercholesterolemia IN THE ELDERLY

In order to analyze the cost implications
of a cholesterol screening benefit under
Medicare, OTA developed a model to esti-
mate annual total direct health care expendi-
tures associated with screening and treatment
of hypercholesterolemia in the elderly, This
appendix describes the model. The text of
the paper discusses the results of the analysis.

The Model

Several expert groups have recommended
periodic screening for hypercholesterolemia.
The most  recent  of  these guide l ines--
formulated by the Adult Treatment Panel of
the National Cholesterol Education Program
(NCEP)--provides a suggested model for the
detection and subsequent management of hy-
percholesterolemia. OTA has neither eval-
uated nor endorsed the protocol outlined by
the Adult Treatment Panel. However, be-
cause of the protocol’s wide dissemination
throughout the medical community, it is the
basis for estimating direct expenditures asso-
ciated with cholesterol screening and treat-
ment in the elderly.

The recommended protocol of NCEP is
as follows (1 16):

All adults should have their total serum
cholesterol measured at least once every
5 years.
If the cholesterol level is found to be
less than 200 mg/dl, it is classified as
“desirable, ” and no specific management
is required (educational materials about
diet and cardiac risk factors should be
provided).
If the cholesterol level is at least 200
mg/dl, the cholesterol test is repeated.
If the average of the two readings is be-
tween 200 and 239 mg/dl, it is classified
as “borderline-high” cholesterol. If the
average of the two readings is less than
200 mg/dl, further management is the
same as for individuals with a desirable
cholesterol level.

Table 8.--- NCEP Risk Factors for Coronary
Heart Disease

■

■

aNCEP  d o e s  n o t  s p e c i f y  t h e  c r i t e r i a  f o r  c a t e g o r -
i z i n g  p a t i e n t s  a s  d i a b e t i c  o r  h y p e r t e n s i v e .

ABBREVI  AT IONS :

S O U R C E :  O f f i c e

■ If the average of two readings is greater

CHD ❑ coronary heart disease;
HDL = high density 1 ipoprotein;
NCEP = National Cholesterol
Education Program.

of Technology Assessment, 1989.

than 239 mg/dl, or if it is at least 200
mg/dl and the individual has either a
history of coronary heart disease (CHD)
(defined as prior myocardial infarction,
or myocardial ischemia such as angina
pectoris), or two other CHD risk factors,
as shown in table 8, lipoprotein analysis
is recommended. Lipoprotein analysis
includes measurement of fasting total
cholesterol, triglycerides, and high-
density lipoproteins (HDL), and calcula-
t ion of  the low-densi ty l ipoprotein
(LDL) level (from the Friedewald for-
mula).
For persons who receive lipoprotein
analysis, further management is based
on the calculated LDL level. If it is less
than 130 mg/dl, the individual is con-
s i d e r e d  t o  h a v e  “ d e s i r a b l e  L D L
cholesterol,” and no specific further
management is required. Management
of an LDL level above 130 mg/dl
depends on the presence of other risk
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factors. All patients are started on a
dietary intervention for 6 months. If at
the end of that time they have failed to
achieve a desirable cholesterol level,
medications may be added, depending
on the LDL level, and the physician’s
discretion. These recommendations for
testing and therapy are summarized in
Figure 3.

Using an adaptation of this protocol,
OTA performed an analysis of the likely
health care expenditures associated with an
ongoing cholesterol screening and treatment
program for Medicare recipients. Because the
costs of medications vary widely, expendi-
tures for a range of medical regimens were
estimated in 1988 prices.

Assumptions

The assumptions used in this analysis ap-
pear in table 9 . The basis for the assump-
tions is as follows:

Size of the population to be screened---
The analysis uses the projected number of
American men and women aged 65 and over
in 1995 (113). The year 1995 was chosen be-
cause it would represent the first year in
which full screening of the population could
be anticipated under an every-5-year screen-
ing program.

Participation. --OTA estimated the cost.
of full compliance with the NCEP protocols
by all elderly people. Of course, not all
Medicare recipients will avail themselves of
the screening program or will comply with
drug therapy. For example,  one health
maintenance organization that provided OTA
with information on the use of preventive
services reported that of members over 6 5
years old, 75 percent had their cholesterol
measured at least once during a 5-year period
(40). Consequently, the model was con-
structed to estimate costs under various as-
sumptions about  levels  of  compliance.
Results are presented in the main body of
this report indicating how costs would change

Table 9--- Assumptions for Cholesterol Ex-
penditure Model

LDL measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 . 8 9
A n n u a l  c o s t s  o f  d r u g  a n d  m o n i t o r :

low-cost medication (niacin). .  .  .  .  .  .  .  .  .  .  .  .  .  525.00
h i g h - c o s t  m e d i c a t i o n  ( l o v a s t a t i n ) .  .  . . . . . . 1 , 6 7 8 . 0 0

L i p i d  d i s t r i b u t i o n s
T o t a l  c h o l e s t e r o l  ( m g / d l )

Mean
S t a n d a r d  d e v i a t i o n

L D L  c h o l e s t e r o l  ( m g / d l )
Mean
S t a n d a r d  d e v i a t i o n

C o r r e l a t i o n ,  t o t a l
a n d  L D L  c h o l e s t e r o l

P r o p o r t i o n  w i t h
c h o l e s t e r o l  u n d e r  2 0 0  ( m g / d l )
cho les tero l  under  2 4 0  ( m g / d l )

Men Women
2 2 1 . 0 0 2 4 6 . 0 0

6 2 . 3 3 6 0 . 2 1

1 4 9 . 0 0 1 6 2 . 0 0
4 0 . 0 0 4 4 . 0 0

0.84 0.88

0 . 3 7 0 . 2 2
0 . 6 2 0 . 4 6

A B B R E V I A T I O N :  L D L  = l o w - d e n s i t y  l i p o p r o t e i n .

SOURCE: O f f i c e  o f  T e c h n o l o g y  A s s e s s m e n t ,  1 9 8 9 .

if compliance with the NCEP screening and
therapy guidelines were only 25 percent in
the elderly.

Prevalence of risk factors.--The NCEP
protocol for determining lipoprotein fractions
and treatment depends not only on the serum
cholesterol but also on the presence of other
risk factors. A high-risk individual is iden-
tified as one with 2 or more of the risk fac-
tors. Information is unavailable about the
prevalence of other risk factors in relation to
the cholesterol level in the elderly. It seems
likely that a substantial number of Medicare
recipients will either have a history of CHD
or have two of the risk factors: about 20
percent of men and 15 percent of women
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Figure 3--- Protocol for Cholesterol Screening in the Elderly
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aged 65 and over are current smokers (122),
nearly 14 percent report that they have CHD,
and one half of Americans aged 65 to 74
have definite hypertension (121).

Because the precise number of elderly
individuals who have CHD or two other risk
factors is unknown, the analysis includes cal-
culations for three different assumptions:

the low-prevalence estimates assume that
30 percent of the Medicare recipients
are high-risk based on a history of CHD
or two risk factors for CHD (other than
hypercholesterolemia),
the middle-prevalence estimates assume
that 50 percent have the risk factors,
and
the high-prevalence estimates assume
that 70 percent have risk factors.

OTA assumed that the prevalence of the risk
factors is not correlated with the cholesterol
level; this assumption probably leads to an
underestimate of the number of persons who
will need treatment, since it is likely that the
risk factors are more common among individ-
uals whose cholesterol levels are elevated than
among those whose cholesterol levels fall be-
low 200 mg/dl. Given that male sex is a risk
factor according to the NCEP framework, the
high-prevalence assumption (70 percent) may
be the most likely value for men over 65
years old.

Number of participants requiring further
testing or treatment .--The analysis assumes
that the repeat cholesterol assay will give the
same result as the initial assay. This assump-
tion will underestimate screening expenditures
because it does not count the costs of repeat
total cholesterol screening for those people
whose initial readings are greater than 199
mg/dl, but who receive no further manage-
ment on the basis of the second screening.
The magnitude of this effect should be slight

but depends on the accuracy and precision of
the screening tests.1

The number of people in alternative
treatment groups (e.g., those who do not have
a history of CHD or two other CHD risk fac-
tors, but do have a cholesterol level in excess
of 200 mg/dl and an LDL cholesterol level
above 190 mg/dl) is calculated by assuming
that the total cholesterol and the LDL -
cholesterol level have a joint bivariate normal
distribution.

Followup testing. - -In order to calculate
how many individuals wil l  have repeat
cholesterol determinations, lipoprotein frac-
tionation, and recommendations for testing,
OTA used data from the National Health and
Nutrition Examination Survey, reproduced in
the NCEP report. The analysis assumes that
the total cholesterol level and the LDL -
cholesterol level have a bivariate normal dis-
tribution in the Medicare population, and use
the published figures for the mean and stan-
dard deviation of cholesterol and LDL for the
65 to 74 year-old age group. The corre-
lation between LDL cholesterol and total
cholesterol is assumed to be 0.84 for men,
and 0.88 for women, based on the Framing-
ham Heart Study, as shown in table 2. The
predicted number of people whose cholesterol
is less than 200 mg/dl or less than 240 mg/dl
is consistent with the percentiles noted in
table 1.

Response to diet. - -The model assumes
that individuals treated with diet will uni -

1  Uhi  le t h e  a c c u r a c y  a n d  p r e c i s i o n  o f  c h o l e s t e r o l
m e a s u r e m e n t  i s  i m p o r t a n t  i  n  e v a  1  u a t  i  n g  t h e  effec-
tiveness  o f  a  s c r e e n i n g  b e n e f i t ,  i t  i s  o f  l e s s  i m -
por tance  in  es t imat ing  the  h e a l t h  c a r e  e x p e n d i t u r e s
a s s o c i a t e d  with  such a  benef i t . H e n c e ,  O T A  d i d  n o t
bui [d in to  i t s  model  m o r e  s o p h i s t i c a t e d  m e c h a n i s m s
f o r  m o d e l  ling  how  well  t h e  v a r i o u s  s c r e e n i n g  t e c h -
n o l o g i e s  w o r k .
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formly achieve a 10-percent reduction in
LDL. This is  an optimist ic  assumption
regarding the effectiveness of dietary inter-
ventions in lowering LDL levels. The Multi-
ple Risk Factor Intervention Trial of middle-
aged men led to a 7-percent reduction in
LDL with diet . Even in the subset  of
participants with “best adherence,” LDL fell
by 8.6 percent (32).

Although the effectiveness of diet control
interventions appears to be limited, if a way
were found to reduce LDL levels more
dramatically through diet alone, the estimated
cost of the NCEP program would be greatly
reduced. Therefore, OTA also calculated how
costs might change if a 15 percent reduction
in LDL could be expected from diet.

Costs of testing. --The marginal cost of
performing lipoprotein analyses is uncertain.
Labora to ry  and  phys ic ian  cha rges  fo r
cholesterol determinations are highly variable.
For this analysis, total cholesterol measure-
ments were assumed to cost  $6.79 per
determination (which includes drawing the
blood and performing the analysis), the
Medicare average allowed charge in 1986 in-
flated to 1988 prices by the Medicare Eco-
nomic Index (87,94). This is more expensive
than the retail price of fingerstick cholesterol
determinations (47). The analysis assumes
that fractionation (measurement of HDL,
triglycerides, and total cholesterol, with a cal-
culated value of LDL) costs $16.89, the aver-
age allowed Medicare charge in 1988 dollars.

As is discussed in greater detail in the
text, the model does not include the cost of a
physician visit in estimating expenditures for
screening. It assumes that cholesterol screen-
ing either would take place in a community

setting or would occur as part of a patient’s
visit to the physician for some other purpose.
It is possible, however, that the introduction
of a cholesterol screening benefit would in-
crease the number of physician office visits
for Medicare beneficiaries and the health care
costs of the program would rise accordingly.

Costs of treatment protocols. --The anal-
ysis assumes that diet imposes no direct
health care costs. This  assumption un-
derestimates treatment expenditures, since
most patients participating in dietary therapy
requ i re  counse l ing  wi th  phys ic i ans  o r
dietitians in the establishment and monitoring
of their diets. The NCEP protocol recom-
mends that people on dietary therapy have a
“complete clinical evaluation. ” The costs of
such an evaluation are not included in the
model.

Under certain conditions, if improvement
in LDL levels with diet is totally inadequate,
the NCEP protocol leaves it at the physician’s
discretion whether to continue with diet or to
initiate therapy with medication. The model
assumes that physicians will always be con-
servative in decisions and will not initiate
medication. Thus, the model is extremely
conservative in estimating the number of
elderly people who would end up on medica-
tion and the costs of their treatment.

For medications, OTA calculated the
estimated annual expenditures in 1988 dollars
for a low cost regimen of $525 per patient
per year for niacin, and a high cost regimen
of $1,687 for lovastatin, including the costs
of followup testing. The figures are obtained
from table 4, and the text of the paper de-
scribes how they were derived.


