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CLINICAL INVESTIGATION

Is the Serum Cholesterol-Coronary Heart
Disease Relationship Modified by Activity

Level in Older Persons?

Tamara B. Harris, MD, MS,* Diane M. Makuc, DrPH,* Joel C. Kleinman, PhD,*
Richard F. Gillum, MD,* J. David Curb, MD, MPH, T Arthur Schatzkin, MD, DrPH,} and

Jacob J. Feldman, PhD*

Although coronary heart disease remains a leading cause
of death and disability in old age, the relationship of
serum cholesterol level to risk of coronary heart disease
in old age is controversial. Data for 2,388 white persons
aged 65-74 who participated in the National Health and
Nutrition Examination Survey (NHANES) I Epidemio-
logic Follow-up Study (NHEFS) were examined to deter-
mine the relationship of serum cholesterol level to coro-
nary heart disease incidence and whether activity level
would modify this relationship.

While there was no overall relationship between serum
cholesterol level and coronary heart disease risk in either
men or women, the relationship between serum choles-
terol level and coronary heart disease differed within
activity groups. For persons who were more active,
serum cholesterol level was associated with a graded
increase in risk of coronary heart disease, from 1.3 (95%
CI 0.7,2.3) in those with serum cholesterol level of 4.7-
5.1 to 1.7 in those with serum cholesterol level of 6.2

mmol/L or more (95% CI 1.0,2.7), when compared with
those with serum cholesterol level below 4.7, For the
least active persons, all levels of cholesterol were associ-
ated with a significant inverse relative risk, including
cholesterol of 6.2 mmol/L or more (Relative risk = 0.4
(95% CI 0.2,0.7)).

These data suggest that factors such as activity level
may modify the serum cholesterol-coronary heart disease
association in old age. The serum cholesterol-coronary
heart disease association in more active older persons
resembles that seen in younger populations, whereas the
association in less active persons is that of serum choles-
terol level and risk of cancer or death. The modification
of the serum cholesterol-coronary heart disease associa-
tion by activity level may have implications for appropri-
ate clinical management as well as appropriate design of
research studies of this association. ] Am Geratr Soc
39:747-754, 1991

he controversy regarding screening of older
persons for serum cholesterol'™ has important
public health consequences. Coronary heart
disease remains the leading cause of death in
old age and a major contributor to medical utilization
and disability,” yet cholesterol prevalence data suggest
that the cost of screening and treatment of high cho-
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lesterol could be substantial among older persons.®
There is a paucity of knowledge on serum cholesterol
level as a coronary heart disease risk factor in old age.!
The association of serum cholesterol level with coro-
nary heart disease may attenuate with age,”” although
a few studies have found relative risks in older persons
within a range comparable to those in younger popu-
lations.'®""* Multiple explanations have been suggested
for the decline in relative risk with age'® including a
cholesterol-lowering effect of poor health. Drop in
serum cholesterol has been associated with increased
risk of coronary heart disease mortality in older per-
sons.'*'® Low serum cholesterol has been associated
with other poor health outcomes including increased
risk of mortality,'"” cancer,'*® and hemorrhagic
stroke.”!

Despite an apparent link between low cholesterol
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level and these poor health outcomes, factors which
might modify the serum cholesterol-coronary heart
disease relationship in old age have not been investi-
gated. This may be particularly important for an older
population where the proportion of persons with poor
health increases with advancing age. To address this
issue, we investigated the serum cholesterol-coronary
heart disease association for 2,388 white persons aged
65-74 who participated in the National Health and
Nutrition Examination Survey (NHANES) I Epidemi-
ologic Followup Study (NHEFS). We were interested
in two questions: Was serum cholesterol level associ-
ated with risk of coronary heart disease in this group
of older persons, and did activity level modify the
association of serum cholesterol level and coronary
heart disease?

METHODS

Study Population The study population was
drawn from the Epidemiologic Followup Study of the
first National Health and Nutrition Examination Sur-
vey. The National Health and Nutrition Examination
Survey I was conducted from 1971-1975 and involved
extensive interviews and examinations of a represent-
ative sample of non-institutionalized Americans aged
1 to 74.% Followup information on these persons was
obtained in two re-interview cycles in 1982-1984 and
in 1986.2*2* By 1986, fewer than 2 percent over age 65
were lost to followup. Death certificates have been
obtained for the 97.5 percent of the 1,554 persons over
age 65 at baseline who have died.

For this paper, the study population was the 3,179
white persons aged 65-74 who participated in the
examination portion of that survey. We excluded from
analysis those missing baseline serum cholesterol val-
ues and other covariate information {n = 149), those
without a death certificate or a followup questionnaire
(n = 81), and prevalent cases of coronary heart diseases
at baseline, defined as those with history of a heart
attack, heart failure, or history of taking medication for
the heart (n = 561). The study was restricted to whites
as the number of persons in the other race categories
was too small to allow sufficient power fo assess po-
tential interactions. These exclusions resulted in a final
study population of 2,388 persons, 1,095 men and
1,293 women. Mean followup for survivors was 12.9
years.

Outcome Incident cases of coronary heart disease
were defined by a diagnosis of coronary heart disease
(ICD-9 codes of 410-414) on hospital discharge records
or by any mention of coronary heart disease on a death
certificate (ICD-9 codes 410-414). This resulted in 414
incident events among men and 401 among women.

Risk Factors In NHANES I, serum cholesterol was
measured at the CDC Laboratory by a semi-automated

JAGS-AUGUST 1991-VOL. 39, NO. 8

method based on that of Abell et al**; comparison of
the CDC method with that of Abell led to an adjust-
ment of 4.5 percent for bloods processed in 1971-
1974.%¢ For this paper, four levels of serum cholesterol
were considered: 6.2 mmol/L or more (240 mg/dl),
5.2-6.1 (200-239), based on guidelines from the Na-
tional Cholesterol Education Program,”” 4.7-5.1 (180-
199), and <4.7 mmol/L (<180 mg/dL) for low serum
cholesterol values, consistent with the MRFIT analysis
of continuous and graded cholesterol risk.® Covariates
in multivariate models included baseline measures of
coronary heart disease risk factors: age, body mass
index (from measured weight and height at baseline
(kg/m?), analyzed in sex-specific quartiles), cigarette
smoking (defined as current, former, and never smok-
ers),”® and having been told of diabetes by a physician.
Systolic blood pressure was defined by four levels:
<120, 120-139, 140-159, and 160 mmHg or more. No
information was available on drug use other than the

. disease for which drugs were taken.

Level of usual and recreational activity was used for
the activity level variable as this variable encompasses
some aspects of physical functioning, and was one of
the few such variables available for the entire popula-
tion. Two questions on activity were included in the
baseline health interview, “In your usual day, aside
from recreation, how active are you?” and “Do you get
much exercise in things you do for recreation?” Those
“quite inactive” on usual activity and having “little or
no exercise” on recreational activity were considered
the low activity group (112 men, 130 women). Those
“very active” on usual activity or “much exercise” on
recreational, were considered to be the high activity
group (451 men, 438 women); all others were consid-
ered to have moderate activity status (532 men, 725
women).

Statistical Methods The relationship of risk factors
to serum cholesterol level was tested by likelihood ratio
chi-squares. Incidence rates were calculated as per
1,000 person-years of followup. Cox proportional haz-
ards models® were used to calculate relative risks and
95 percent confidence intervals relating risk factors to
coronary heart disease incidence. All models were ini-
tially calculated separately for men and women; to
increase power within activity strata, a final set of
models was recalculated for both sexes by activity level
with the addition to the model of a variable for gender.
No interaction terms for sex and serum cholesterol
level were significant, either overall or within activity
level.

Sensitivity of the results to misclassification of out-
come was tested by two strategies: first, since problems
have been reported with the validity of death certificate
diagnoses for older persons,® the 188 cases based only
on death certificate information were excluded. In a
second analysis, the 86 persons with self-report of
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incident coronary heart disease (without hospital dis-
charge or death record confirmation) were considered
as cases. Both results are reported in an appendix.

Since this analysis is restricted to the elderly, only
oversampling related to poverty areas could affect the
results; poverty residence was therefore added to the
final model, but results did not differ from the results
presented in the paper.

RESULTS

The baseline distribution of standard cardiovascular
risk factors in the study population is shown in Table
1. Quartile cutoffs for body mass index were similar
for men and women except for the 4th quartile where
women were heavier. Less than 10 percent of men and
women had been told of diabetes by a physician. Thirty
percent of the men and 14 percent of the women
smoked at baseline. Twenty-nine percent of the men
had systolic blood pressure of 160 mmHg or more
compared with 36 percent of the women. About 34
percent of the men and 58 percent of the women had
a serum cholesterol level of 6.2 mmol/L or greater; 13
percent of the men and 6 percent of the women had a
serum cholesterol level of less than 4.7 mmol/L. About
10 percent of either sex was in the low activity group;

TABLE 1. DISTRIBUTION OF CORONARY HEART
DISEASE RISK FACTORS BY SEX

Men Women
Risk Factor (n =1,095) (n = 1,293)
kg/m?
Body mass index
Quartile 1 <2295 <22.85
Quartile 2 22.95-25.50  22.85-25.80
Quartile 3 25.51-27.68 25.81-29.18
Quartile 4 >27.68 >29.18
Percent
Diabetic (told by MD)
Yes 8 9
No 92 91
Cigarette smoking
Current 30 14
Former 34 10
Never 36 76
Systoelic blood pressure
(mmHg)
Less than 120 10 5
120-139 28 26
140-159 33 33
160 or greater 29 36
Cholesterol (mmol/L)
Less than 4.7 13 6
4.7-5.1 15 6
5.2-6.1 38 30
6.2 or greater 34 58
Activity level
Higher 41 34
Moderate 49 56
Lower 10 16
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41 percent of the men reported high activity compared
with 34 percent of the women.

Risk factors were examined in relation to level of
serum cholesterol (Table 2). For both men and women,
there appeared to be little relationship between serum
cholesterol level and cigarette smoking or diabetes.
Among women, those with body mass index in the
lowest quartile were more likely to have lower serum
cholesterol levels and heavier women were likely to
have higher levels of serum cholesterol (P = 0.03); men
in the lowest quartile also showed lower cholesterol
levels. Systolic blood pressure and serum cholesterol
distributions were related in men (P = 0.03) whereas
blood pressure had little relation to serum cholesterol
level in women (P = 0.52). Serum cholesterol varied
with activity level for both men and women (P = (.08
and P = 0.0001, respectively) with those with low
activity more likely to have low serum cholesterol
levels.

Relationship of Serum Cholesterol Level to
Coronary Heart Disease Incidence

White Women Aged 65-74 at Baseline Women in
the low activity group showed the highest rates of
coronary heart disease at each level of serum choles-
terol except for serum chelesterol of 5.2-6.1 (Figure 1),
and differences in rates among activity groups was
greatest for those with the lowest serum cholesterol
levels.

Overall, there was no association of serum choles-
terol level to coronary heart disease in women. How-
ever, relative risk estimates of serum cholesterol for
coronary heart disease differed markedly within activ-
ity levels (Table 3). For women of high activity, those
with serum cholesterol level of 6.2 or more had a risk
estimate of 3.1 with a 95% confidence interval of 0.8
to 12.8. In women of moderate activity, risk estimates
for serum cholesterol level were all elevated relative to
those with serum cholesterol levels of less than 4.7,
but only the 5.2-6.1 group showed substantial risk.
Among women with low activity, all adjusted relative
risk estimates for serum cholesterol level were less than
1 in comparison with those with a serum cholesterol
level less than 4.7. An interaction term for activity level
and serum cholesterol level was marginally significant,
P = 0.06. The direction of these results was not sub-
stantially altered by considering “self-report only” cases
as cases of coronary heart disease or by exclusion of
those with only death certificate case status (Appendix
A).

White Men Aged 65-74 at Baseline Men with
lowest activity levels showed the highest incidence
rates at each level of serum cholesterol level (Figure 2),
with the greatest divergence in rates by activity level
for those with the lowest serum cholesterol levels. As
with women, the overall relative risk estimates did not




750 HARRIS ET AL

TABLE 2.

DISTRIBUTION OF SERUM CHOLESTEROL LEVEL BY CORONARY HEART DISEASE
RISK FACTORS AND SEX

Sex and Serum Cholesterol Level (mmol/L)

JAGS-AUGUST 1991-VOL. 39, NO. 8

Men Women
<4.7 4.7-6.1 26.2 <4.7 4.7-6.1 =6.2
Risk Factor Percent Percent
Body mass index
1st Quartile 18 52 30 9 41 50
2nd Quartile 12 51 37 6 35 59
3rd Quartile 11 55 34 3 37 60
4th Quartile 12 54 34 5 32 63
Diabetic (told by MD)
Yes 15 49 36 9 43 48
No 13 33 34 5 36 59
Cigarette smoking
Current 13 53 34 6 39 55
Former 12 56 32 4 40 56
Never 14 51 35 5 36 59
Systolic blood pressure (mmHg) ‘
Less than 120 18 50 32 4 44 52
120-139 11 50 39 6 39 55
140-159 13 58 29 5 34 61
160 or greater 13 52 35 6 36 58
Activity level
Higher 12 55 33 4 34 62
Moderate 12 54 34 6 37 57
B Lower 22 45 33 12 38 50
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FIGURE 1. Coronary heart disease incidence rates by serum cholesterol level, modi

support a serum cholesterol-coronary heart disease as-
sociation but did differ within activity strata. For men
in the high activity group, there was a 50 percent excess
risk of coronary heart disease for those with serum
cholesterol level of 6.2 or more compared to those with
serum cholesterol level below 4.7 (Table 4). Those of
moderate activity status showed risks sirnilar to the
high activity group. For the low activity group, all
adjusted relative risk estimates for serum cholesterol
level were inverse in comparison with those with serum

fication by activity level in older women.

cholesterol level below 4.7. An interaction term for
activity level and serum cholesterol level was margin-
ally significant, P = 0.08. Results from these models
were not substantially altered by changing the case
status or exclusion of cases based on death certificate
only information (Appendix A).

Analyses by Activity Level for Men and Women
Combined As the modification of the serum choles- ,
terol-coronary heart disease association by activity E
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FIGURE 2. Coronary heart disease incidence rates by serum cholesterol level, modification by activity level in older men.

TABLE 3. CORONARY HEART DISEASE INCIDENCE
IN RELATION TO ACTIVITY STRATA AND SERUM
CHOLESTEROL LEVEL AMONG WOMEN

TABLE 4. CORONARY HEART DISEASE
INCIDENCE IN RELATION TO ACTIVITY STRATA
AND SERUM CHOLESTEROL LEVEL AMONG MEN

Activity Strata Incidence Relative Risk

Activity Strata Incidence Relative Risk

and Serum per 1,000 and 95%
Cholesterol Level Person  Confidence
{mmol/L) n Cases Years Interval

and Serum per 1,000 and 95%
Cholesterol Level Person Confidence
(mmol/L) n Cases Years Interval
All activity levels*
Less than 4.7 72 19 26.4 1.0
4.7-5.1 80 19 21.4 0.8 (0.4,1.6)
5.2-6.1 392 134 31.8 1.3 (0.9,2.2)
6.2 or greater 749 229 274 1.1 (0.7,1.8)

Stratified by activ-
Higher activity

All activity levels*
Less than 4.7 144 52 39.2 1.0
4.7-5.1 166 56 334 0.9
5.2-6.1 416 152 36.6 1.0
6.2 or greater 369 154 43.0 1.2
Stratified by activ-
Higher activity

Less than 4.7 17 2 9.3 1.0 Less than4.7 55 18 311 1.0

4.7-5.1 24 4 12.9 1.4 (0.3,7.9) 4.7-5.1 66 25 35.7 1.2 (0.7,2.2)

5.2--6.1 126 35 24.5 3.6 (09,15.1) 5.2-6.1 181 63 335 1.1(0.7,2.0)

6.2 or greater 271 77 24.8 3.1(0.8,12.8) 6.2 or greater 149 62 40.6 1.5 (0.9,2.6)
Moderate activ- Moderate activ-

ity ity

Less than 4.7 40 10 24.1 1.0 Less than 4.7 64 21 37.3 1.0

4.7-5.1 39 10 23.8 1.1 (0.5,2.7) 4.7-5.1 82 24 28.6 0.8 (0.5,1.5)

5.2-6.1 233 89 35.6 1.6 (0.9,3.2) 5.2-6.1 203 76 375 1.1(0.7,1.8)

6.2 or greater 413 122 26.3 1.2 (0.6,2.3) 6.2 or greater 183 78 43.7 1.4 (0.9,2.3)
Lower activity Lower activity

Less than 4.7 15 7 78.2 1.0 Less than 4.7 25 13 70.7 1.0

4.7-5.1 17 5 31.6 0.2 (0.1,0.8) 4.7-5.1 18 7 50.0 0.4 (0.1,0.9)

5.2-6.1 33 10 349 0.3 (0.1,0.8) 5.2-6.1 32 13 52.8 0.4 (0.2,1.0)

6.2 or greater 65 30 48.6 0.3 (0.1,0.8) 6.2 or greater 37 14 51.6 0.5 (0.2,1.0)

* Models adjusted for body mass index, diabetes, systolic blood pressure,
cigarette smoking, age, and activity level,

** Models adjusted for body mass index, diabetes, systolic blood pressure,
cigarette smoking, and age.

level was similar for both men and women, the anal-
yses were recalculated combining men and women of
similar activity groups together and controlling for sex.
Interaction terms for sex and serum cholesterol level
within activity groups were not significant (P = 0.58

* Models adjusted for body mass index, diabetes, systolic blood pressure,
cigarette smoking, age, and activity level.

** Models adjusted for body mass index, diabetes, systolic blood pressure,
cigarette smoking, and age.

within the high activity group, P = 0.17 for moderate,
and P = 0.98 for the low activity group).

Relative risk estimates for the high activity group of
men and women showed a graded relative risk from
1.3 for those with serum cholesterol level of 4.7-5.1 to
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TABLE 5. RELATIONSHIP OF CHOLESTEROL AND HEART DISEASE INCIDENCE BY ACTIVITY LEVEL
FOR MEN AND WOMEN COMBINED

Cholesterol Level

Activity Level*

Low

(mmol/L) All High Moderate
Less than 4.7 1.0 1.0 1.0 1.0
4.7-5.1 0.9 (0.6,1.2) 1.3 (0.7,2.3) 0.9 (0.5,1.4) 0.3 (0.1,0.6)
5.2-6.1 1.1 (0.8,1.4) 1.5 (0.9,2.4) 1.3(0.9,1.9) 0.3(0.2,0.7)
6.2 or greater 1.1(0.8,1.4) 1.7 (1.0,2.7) 1.2(0.8,1.7) 0.4 (0.2,0.7)

* Models adjusted for body mass index, diabetes, systolic blood pressure, cigarette smoking, age, and sex.

1.7 for those with a serum cholesterol level of 6.2
mmol/L or more (P = 0.04). For those with moderate
activity, risks were relatively flat; while for those of
low activity, risks were inverse and all statistically
significant (Table 5).

DISCUSSION

These data suggest there may be differences in the
serum cholesterol-coronary heart disease association
within the older population on the basis of activity
level. For those of high activity, the association be-
tween serum cholesterol level and coronary heart dis-
ease risk paralleled and was of similar magnitude to
other recently published studies of serum cholesterol
level and coronary heart disease in older popula-
tions.’* The results for the more active older people
contrast with the inverse serum cholesterol-coronary
heart disease relationship among older men and
women of lower activity. However, as coronary heart
disease rates were similar among those with high serum
cholesterol level regardless of activity level, the impli-
cation of this difference in the direction of serum
cholesterol level risk between activity strata is that
those with low serum cholesterol level comprise two
sub-populations, one with high risk of coronary heart
disease and one with low risk.

Methodologic limitations in our data bear consider-
ation. Sample size was small, especially for those with
low serum cholesterol level in the stratified models.
This limitation reduced the power of our analyses. One
solution was to combine men and women of similar
activity level which allowed a more stable estimate of
risk within activity strata. Sample size considerations
also limited our ability to consider estimates for popu-
Jations other than whites. This limitation underscores
the need for better data on cardiovascular risk factors
in older persons, particularly if modifying factors, such
as activity level, are a consideration.

Could incomplete case ascertainment of coronary
heart disease contribute to these results? Although
upwards of 20 percent of myocardial infarctions in
older populations may be silent, recent data suggests
that the course of these events is no different than in
known myocardial infarctions.”’ Over time, then, most

cases of coronary heart disease in the community
should become apparent either through hospital dis-
charge data or death certificate. Since there is no evi-
dence that serum cholesterol level is more strongly
related to silent coronary heart disease, it is unlikely
that incomplete case ascertainment could account for
these results. Likewise, the results appear robust in that
the direction was not changed by exclusion of cases
based on death certificate only or consideration of self-
reports only as cases.

Activity level was selected as a potential modifier for
several reasons. We were interested in whether func-
tional health status would modify the serum cholesterol
level relationship, and activity level was one of the few
variables associated with physical functioning available
for all persons in our data set. We had also observed
that activity level appeared to vary with other health
status variables within our data. For instance, fewer
than 20 percent of high activity men or women had
two or more medical conditions, compared with over
30 percent of low activity men or women. In a sub-
sample of the population who received detailed ex-
aminations, those with low activity comprised a higher
percent of those with fair or poor self-reported health
and those who had been hospitalized in the past year.
In general, activity measures have been used as indi-
cators of physical exercise, with those who are in the
low activity group regarded as choosing a more sed-
entary lifestyle. While it is possible that this interpre-
tation may contribute to our findings, it is also possible
that the effect of activity as a modifier may reflect
health status, This latter view is supported by the
consistency of our results for the active men with the
results from studies of healthier older men such as the
Rancho Bernardo population and the Kaiser study.'”"?

Factors associated with low activity may depress
serum cholesterol level and increase risk of coronary
heart disease.*””® Alternatively, it is possible that the
low serum cholesterol level itself may be implicated in
risk of coronary heart disease as has been suggested
for hemorrhagic stroke.”’ Lower HDL-cholesterol levels
might also increase risk as was suggested by a recent
study in which low HDL-cholesterol conferred risk
even if serumn cholesterol level was low.** Qur data set,
which was based on one serum cholesterol level meas-




p—

T

po—

JAGS-AUGUST 1991-VOL. 39, NO. 8

urement in 1971-1975, does not allow us to examine
change in serum cholesterol level over time, and no
lipoprotein fraction data were available.

In this paper, we demonstrated that absence of an
association between coronary heart disease and serum
cholesterol level in older persons could be partially
accounted for by modification of risk in the low serum
cholesterol level group by activity level. Modification
of risk relationships has been noted as a complicating
factor in assessment of low body weight,***® and low
blood pressure”” and our data suggest this may also be
true for assessment of serum cholesterol level risk as
well. The National Cholesterol Education Program
guidelines acknowledge the complexity of the serum
cholesterol-coronary heart disease relationship in older
persons and support individualization of treatment in
this group.” The older population has a sizeable pro-
portion of individuals who are ill, and consideration of
underlying health status may be necessary in evalua-
tion of epidemiologic evidence of the serum choles-
terol-coronary heart disease association, as well as in
formulation of appropriate recommendations for
screening and intervention in this population.

REFERENCES

1. Editorial. Low serum cholesterol level and increased risk. Lancet
1989;1:1423~1425.

. Garber AM, Sox HC, Littenberg B. Screening asymptomatic
adults for cardiac risk factors: the serum cholesterol level. Ann
Intern Med 1989;110:622-639.

3. Garber AM, Littenberg B, Sox HC et al. Costs and effectiveness
of cholesterol screening in the elderly. Paper 3, Office of Tech-
nology Assessment’s Series on Preventive Health Services Under
Medicare. Washington, DC: US Government Printing Office.

4. Report of the US Preventive Services Task Force. Screening for
High Blood Cholesterol. Guide to Clinical Preventive Services.
1989, pp 8-15.

5. Havlik R], Liu BM, Kovar MG et al. Health Statistics on older
persons, United States, 1986. Vital and health statistics. Series
3, No. 25 [DHHS publication no. (PHS)87-1409)]. Washington,
DC: National Center for Health Statistics. 1987.

6. Sempos C, Fulwood R, Haines C et al. The prevalence of high
blood cholesterol levels among adults in the United States. JAMA
1989;262:45-52,

7. Agner E, Hansen PF. Fasting serum cholesteral and triglycerides
in a ten-year prospective study in old age. Acta Med Scand
1983;214:33-41.

8. Stamler ], Wentworth D, Neaton JD. Is the relationship between
serum cholesterol and risk of premature death from coronary
heart disease continuous and graded? JAMA 1986;256:2823--
2828.

9. Rose G, Shipley M. Plasma cholesterol concentration and death
from coronary heart disease: 10 year results of the Whitehall
study. Br Med ] 1986;293:306-307.

10. Barrett-Connor E, Suarez 1, Shaw KT et al. Ischemic heart
disease risk factors after age 50. ] Chron Dis 1984;37:903-908.

11. Benfante R, Reed D. Is elevated serum cholesterol level a risk
factor for coronary heart disease in the elderly? JAMA
1990;263:393--396.

12. Rubin SM, Sidney 5, Black DM et al. High blood cholesterol in
elderly men and the excess risk for coronary heart disease. Ann
Intern Med 1990;113:916-920.

13. Gordon DJ, Rifkind BM. Treating high blood cholesterol in the
older patient. Am ] Cardiol 1989;63:48H-52H.

14. Anderson KM, Castelli WP, Levy D. Cholesterol and mortality:
30 years of followup from the Framingham Study. JAMA
1987;257:2176-2180.

[

SERUM CHOLESTEROL-CHD IN OLDER PERSONS 753

16.

17.

18.

19.

20.

22.

25.

26.

27.

28.

29,

30.

31.

32.

33.

34.

36.

37.

38.

. Pekkanen ], Nissinen A, Punsar S, Karvonen M]. Cholesterol

and coronary heart disease risk in elderly men: Effect of past
cholesterol levels. (Abstract 461). Second International Confer-
ence on Preventive Cardiology and 29th Annual Meeting of the
AHA Council on Epidemiology. Washington DC: 1989,

Forette B, Tortrat D, Wolmark Y. Cholesterol as risk factor for
mortality in elderly women. Lancet 1989;1:868-870.

Rudman D, Mattson DE, Nagraj HS et al. Prognostic significance
of serum cholesterol in nursing home men. JPEN 1988;12:155-
158.

Rose G, Shipley M]J. Plasma lipids and mortality: A source of
error. Lancet 1980;1:523-526.

Sherwin RW, Wentworth DN, Cutler JA et al. Serum cholesterol
levels and cancer mortality in 361,662 men screened for the
Multiple Risk Factor Intervention Trial. JAMA 1987;257:943-
948.

Schatzkin A, Hoover RN, Taylor PR et al. Serum cholesterol and
cancer in the NHANES I Epidemiologic Followup Study. Lancet
1987;2:298-301.

. Iso H, Jacobs DR, Wentworth D et al. Serum cholesterol levels

and six-vear mortality from stroke in 350,977 men screened for
the Multiple Risk Factor Intervention Trial. NEJM 1989;320:904—
910.

National Center for Health Statistics. Plan and operation of the
National Health and Nutrition Examination Survey, United
States, 1971--1973. Washington, DC: 1979. (Vital and health
statistics. Series 1, No. 10a. [DHEW Publication No. (HSM) 73-
1310)].

. Madans JH, Kleinman JC, Cox CS et al. 10 years after NHANES

I: Report of initial followup, 1982-84. Pub Health Rep
1986;101:465-473.

. National Center for Health Statistics. Plan and operation of the

NHANES I Epidemiologic Followup Study. 1982-84. Washing-
ton 1987. (Vital and health statistics. Series 1, No. 22. [DHHS
Publication No. (PHS) 87-1324)].

Eavenson D, Grier OT, Cisson JG, Witter RF. A semiautomated
procedure for the determination of serum cholesterol using the
Abell-Kendall method. ] Am Oil Chem Soc 1966;43:652-656.
National Center for Health Statistics. Total serum cholesterol
levels of adults 18-74 years: United States, 19711974, Wash-
ington, DC: 1978. (Vital and health statistics. Series 11-No. 205
[DHEW publication No. (PHS)79-1652]).

Expert Panel. Report of the National Cholesterol Education
Program Expert Panel on Detection, Evaluation and Treatment
of High Blood Cholesterol in Adults. Arch Intern Med
1988;148:36-39.

Machlin SR, Kleinman JC, Madans JH. Validity of mortality
analysis based on retrospective smoking information. Stat Med
1989,8:997-1009.

Cox DR. Regression models and life tables. ] Royal Stat Soc
Series B 1972;34:187-220.

Kohn RR. Cause of death in very old people. JAMA
1982;247:2793--2797.

Yano K, MacLean CJ. The incidence and prognosis of unrecog-
nized myocardial infarction in the Honolulu, Hawaii Heart Pro-
gram. Arch Intern Med 1989;149:1528-1533.

Alvarez C, Ramos A. Lipids, lipoproteins and apoproteins in
serum during infection. Clin Chem 1986;32:142-145.

Eckel RH. Lipoprotein lipase: A multifunctional enzyme relevant
to common metabolic diseases. N Eng | Med 1989;320:1060-
1068.

Abbott RD, Wilson PWF, Kannel WB, Castelli WP. High density
lipoprotein cholesterol, total cholesterol, and myocardial infarc-
tion: The Framingham Study. Arteriosclerosis 1988;8:207-211.

. Sidney S, Friedman G, Siegelaub A. Thinness and mortality. Am

J Public Health 1987;77:317-322.

Manson JE, Stampfer MJ, Hennekens CG, Willett WC. Body
weight and longevity: A reassessment. JAMA 1987;257:353~
358.

Staessen |, Bulpitt C, Clement D, et a. Relation with mortality
and treated blood pressure in elderly patients with hypertension:
report of the European Working Party on High Blood Pressure
in the Elderly. Br Med ] 1989;298:1552--1556.

National Cholesterol Education Program. Report of the expert
panel on detection, evaluation, and treatment of high blood
cholesterol in adults. [DHHS publication No. (PHS)89--2925)].




754  HARRIS ET AL JAGS-AUGUST 1991-VOL. 39, NO. 8

APPENDIX A. EFFECT OF CHANGE IN CASE DEFINITION ON RELATIONSHIP OF SERUM
CHOLESTEROL TO CORONARY DISEASE INCIDENCE WITHIN ACTIVITY STRATA

Example 1 Example 2
. . Expanded Case Definition Excluding Death Certificate Only
Activity Strata and Including Self-Reports Cases
Serum Cholesterol
Level (mmol/L) Women Men Women - Men
Stratified by activity®
Higher activity
Less than 4.7 1.0 1.0 1.0 1.0
4.7-5.1 1.9 (0.4,9.9) 1.2(0.7,2.3) 1.4 (0.3,7.9) 1.2 (0.6,2.4)
5.2-6.1 3.9(0.9,16.4) 1.3 (0.8,2.2) 3.2(0.7,13.4) 1.1(0.6,2.1)
6.2 or greater 3.5(09,14.3) 1.6 (0.9,2.8) 2.5 (0.6,10.5) 1.4 (0.8,2.6)
Moderate activity
Less than 4.7 1.0 1.0 1.0 1.0
4.7-5.1 1.3 (0.6,2.8) 0.8 (0.4,1.4) 1.5 (0.5,4.2) 0.9 (0.4,1.8)
5.2-6.1 1.5(0.8,2.7) 1.2 (0.7,1.9) 2.2(1.0,5.1) 1.3(0.7,2.5)
6.2 or greater 1.1 (0.6,2.0) 1.5 (1.0,2.5) 1.7 (0.8,3.9) 1.7 (0.9,3.3)
Lower activity
Less than 4.7 1.0 1.0 1.0 1.0
4.7-5.1 0.2 (0.1,0.7) 0.4 (0.2,1.1) 0.4 (0.1,1.8) 0.4 (0.1,1.4)
5.2-6.1 0.3 (0.1,0.9) 0.6 (0.3,1.3) 0.5 (0.1,1.9) 0.5 (0.2,1.5)
6.2 or greater 0.4 (0.2,0.9) 0.5 (0.2,1.0) 0.5 (0.1,1.5) 0.3(0.1,1.1)

* Models adjusted for body mass index, diabetes, systolic blood pressure, cigarette smoking, and age.




