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The relationship between cholesterol and coronary heart disease (CHD) is attenuated at older age. We analyzed
cholesterol level as a predictor of CHD in 8,947 participants from the Atherosclerosis Risk in Communities (ARIC)
Study, a large multicenter cohort study that enrolled participants in 1987-1989 at 4 field centers in Washington
County, Maryland; Forsyth County, North Carolina; Jackson, Mississippi; and Minneapolis, Minnesota. Partici-
pants in the present analysis had no history of CHD and were stratified by age (<65 or >65 years) and high-sensi-
tivity C-reactive protein (hs-CRP) level (<2 or >2 mg/L). Visit 4 (1996—1997) was the baseline for this analysis,
with follow-up through 2008. Cholesterol level was significantly associated with CHD among younger participants,
and cholesterol level was similarly predictive of CHD among older participants with an hs-CRP level of <2 mg/L. In
contrast, among older participants with an hs-CRP level of 2 mg/L or higher, the association of CHD with total cho-
lesterol level was borderline significant (hazard ratio = 1.14, 95% confidence interval: 1.00, 1.29), and the associa-
tion of CHD with low-density lipoprotein cholesterol level was nonsignificant (hazard ratio = 1.10; 95% confidence
interval: 0.96, 1.26). Among older persons with an elevated hs-CRP level, cholesterol level was significantly less
predictive of CHD (P < 0.05), whereas for those with an hs-CRP level of <2 mg/L, there was no significant diffe-
rence compared with younger participants. In conclusion, we found that among the young-old, the association of
cholesterol level with CHD was strong when hs-CRP level was not elevated and weak when hs-CRP level was ele-
vated. Therefore, hs-CRP level could be useful for stratifying the young-old to assess the strength of cholesterol
level in CHD risk prediction.
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Elevated serum cholesterol level is a well-established risk
factor for coronary heart disease (CHD), and the use of
cholesterol-lowering medications has been shown to be effec-
tive in the primary prevention of cardiovascular disease at all
ages (1-3). However, the relationship between elevated serum
cholesterol level and adverse cardiac events is attenuated at
older age (4—7). Although the reason for cholesterol’s decreased
contribution to CHD risk in older age is unclear, it is possible

that comorbid conditions that become more common with
age could compete with traditional risk factors for CHD risk
prediction and in some circumstances could lower the serum
cholesterol level through inflammation or other processes (8).
Therefore, methods for distinguishing which subset of older
adults retains the strong association of cholesterol level with
CHD and which subset does not would be useful in making
progress toward improved risk prediction.
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High-sensitivity C-reactive protein (hs-CRP) is a nonspe-
cific inflammatory marker, elevated levels of which have been
strongly associated with adverse cardiovascular events (9—12).
Additionally, in the Justification for the Use of Statins in Pri-
mary Prevention trial (13), participants with an elevated hs-
CRP level and a normal serum cholesterol level had a lower
rate of major cardiovascular events after treatment with rosu-
vastatin. An elevated hs-CRP level has also been associated with
many conditions beyond vascular inflammation, including malig-
nancy (14—17), infection (18), heart failure (19), chronic kidney
disease (20), airway disease (21), and general physical decline
(22). Overall, these pathological states are more common in
the elderly and could effectively compete with traditional risk
factors for CHD risk prediction. It is also possible that the sys-
temic inflammation associated with these conditions results in
a lower serum cholesterol level because of associated poor
nutrition or increased catabolism. Increased systemic inflam-
mation also could exacerbate preexisting coronary artery dis-
ease, leading to a greater risk of clinical events. In extreme
cases, such as end-stage renal disease, this can lead to a reversal
of the expected relationship between serum cholesterol level
and CHD (23).

We hypothesize that an elevated hs-CRP level will be anon-
specific but useful predictive marker that can integrate many
pathological processes and can distinguish the elderly popu-
lation into subgroups: 1) older adults with an elevated hs-CRP
level in whom an elevated serum cholesterol level is weakly
associated with or not associated with an increased risk of CHD,
and 2) older adults with a normal hs-CRP level in whom the
cholesterol level-CHD association is largely unchanged from
that at younger ages.

MATERIALS AND METHODS
Study design and population

The study population for this analysis was derived from the
Atherosclerosis Risk in Communities (ARIC) Study. ARIC is
a large multicenter cohort study of persons who were between
45 and 64 years of age at the time of enrollment in 1987-1989.
The ARIC Study is conducted at 4 field centers in Washington
County, Maryland; Forsyth County, North Carolina; Jackson,
Mississippi; and Minneapolis, Minnesota. Details of the de-
sign of the ARIC Study have been described previously (24).
All participants who completed the visit 4 screening with a
serum draw for measurement of hs-CRP and cholesterol were
eligible for inclusion in this analysis (n = 11,148). Participants
were excluded if they 1) had known coronary artery disease,
defined as a history of myocardial infarction, coronary bypass
or angioplasty, or electrocardiogram-diagnosed myocardial infarc-
tion (n =922); 2) were taking a cholesterol-lowering medica-
tion (n = 1,168); or 3) were missing other important covariates
(n=111). The study population in this analysis after exclu-
sions consisted of 8,947 participants.

Exposure variables

At each visit, standardized and validated interviewer-
administered questionnaires were used to collect demographic
information; smoking and alcohol consumption status; and
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history of cancer, diabetes, and hypertension. Smoking and
alcohol consumption were categorized into never, former, and
current groups. Height, body weight, and blood pressure were
measured at each visit. Weight change in this analysis was
defined as the difference in body weight between visits 3 and 4.
Prevalent diabetes was defined as a fasting glucose level of
126 mg/dL or higher. Carotid intimal-medial thickness was
measured by ultrasound at either visit 1 or visit 2 as described pre-
viously (25, 26). Twelve-hour fasting plasma total cholesterol,
low-density lipoprotein (LDL) cholesterol, triglyceride, and
high-density lipoprotein cholesterol levels were measured in
a centralized laboratory at each visit. The assays and their per-
formance have been reported (27). LDL cholesterol was cal-
culated with the Friedewald formula. All measures followed
acommon protocol to maximize comparability across persons
and visits. At visit 4, hs-CRP was measured in a central labora-
tory on plasma frozen at —80°C with an immunonephelometric
assay on a BNII analyzer (Siemens Healthcare Diagnostics,
Deerfield, Illinois) according to the manufacturer’s protocol.
The reliability coefficient for the hs-CRP assay was 0.99 and
was based on 421 blinded replicates (28). In the present anal-
ysis, we used the Justification for the Use of Statins in Primary
Prevention cutpoint of 2 mg/L or higher to classify partici-
pants with an elevated hs-CRP level (13).

Outcomes

The primary outcome of this analysis was incident CHD,
defined as one of the following: silent infarction diagnosed by
electrocardiogram, myocardial infarction, coronary artery by-
pass or angioplasty, or death from CHD before January 2009.
Incident cases were verified by 2 reviewers from the ARIC
Morbidity and Mortality Classification Committee, and any
differences between reviewers were adjudicated by the com-
mittee chairperson.

Statistical methods

Statistical analyses were performed in Stata, version 11 (Stata-
Corp LP, College Station, Texas). Analyses were conducted
separately for those less than 65 and those 65 years of age or
older. Within each age category, participants were grouped
according to level of hs-CRP. An extension of the Wilcoxon
rank-sum test was used to compare continuous variables, and
the * test was used to compare categorical variables. Crude
incident rates were calculated per 1,000 person-years and com-
pared by Poisson regression. Mean change in cholesterol level
was calculated by taking the average difference between se-
rum cholesterol level at visit 4 and at each previous visit. Cox
proportional-hazard models were used to calculate hazard ratios
and confidence intervals for the primary outcome for each age
group by hs-CRP category. The proportional-hazards assump-
tion was not violated on the basis of Schoenfeld residual testing
(29). The interaction between total cholesterol level and hs-CRP
category was assessed within each age group and between age
groups. We examined the continuous interaction between age,
hs-CRP level, and cholesterol level (total and LDL) by using
a fully adjusted hazards model and also by using an additive
model (30). The same models were used for LDL cholesterol.
Covariates adjusted for in model 1 were age, sex, and race.
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Table 1. Characteristics of Persons Less Than 65 Years of Age and 65 Years of Age or Older by hs-CRP Level at Visit 4 (1996—1997), Atherosclerosis Risk in Communities Study, United
States, 1987-2008

hs-CRP Level
Age <65 Years Age >65 Years
<2 mg/L (n=2,483) >2 mg/L (n=3,146) Overall (n=5,629) <2 mg/L (n=1,446) >2mg/L (n=1,872) Overall (n=3,318)
Mean (SD) % Median (IQR) Mean (SD) % Median (IQR) Mean % Median Mean (SD) % Median (IQR) Mean (SD) % Median (IQR) Mean % Median
Clinical
characteristics
Age, years 58.8(3.18) 58.8(3.13) 58.8 68.8 (2.55) 68.7 (2.62) 68.7
Male sex 52.1 29.5% 39.5 52.3 38.7* 44.6
Black race 20.6 30.5% 26.1 15.1 22.6* 19.3
Current smoker 14.9 18.6% 16.9 10.4 14.6% 12.8
Current drinker 58.3 48.6* 52.9 48.4 42.1%* 44.8
Body mass index® 26.9 (4.42) 30.7 (6.33)* 29.0 26.4 (4.26) 29.5 (5.68)* 28.1
Weight change, kg 0.5 (4.23) 1.1 (5.10)* 0.8 ~0.1(4.04) 0.4 (4.44)* 0.2
Diabetes 9.1 17.1%* 13.5 9.5 18.7* 14.7
Hypertension 30.6 46.4* 39.4 457 56.0* 51.5
Heart failure 0.6 1.2% 0.9 0.9 14 1.2
History of cancer 7.4 8.5 8.0 14.4 15.1 14.8
Laboratory values
hs-CRP, mg/L 1.0 (0.6, 1.4) 5.1(3.2,8.5)* 25 1.0 (0.6, 1.4) 4.9(3.2,7.9)* 2.4
Cystatin C, mg/L 0.8 (0.26) 0.8 (0.33)* 0.8 0.9 (0.31) 0.9 (0.37)* 0.9
CIMT, mm 0.7 (0.14) 0.7 (0.14) 07 0.8(0.17) 0.8 (0.20)* 0.8
Total cholesterol, 5.2(0.92) 5.2 (0.94)* 5.2 5.2(0.93) 5.3(0.94) 5.2
mmol/L
LDL cholesterol, 3.2(0.86) 3.2(0.88) 3.2 3.2(0.84) 3.2(0.87) 3.2
mmol/L
HDL cholesterol, 1.4 (0.45) 1.3 (0.42)* 1.3 1.4 (0.44) 1.3 (0.43)* 1.3
mmol/L
Outcome
CHD incidence® 7.8 9.1 85 1.7 16.5% 14.4

Abbreviations: CHD, coronary heart disease; CIMT, carotid intima-media thickness; hs-CRP, high-sensitivity C-reactive protein; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; SD, standard
deviation.

* P<0.05 (compared with low hs-CRP group).

a Weight (kg)/height (m)2.

° Per 1,000 person-years.
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Model 2 adjusted for age, sex, race, current smoking, diabe-
tes, hypertension, and body mass index. Model 3 adjusted for
all covariates in model 2, plus high-density lipoprotein cho-
lesterol level. Sensitivity analyses were conducted with fully
adjusted Cox proportional-hazards models stratified by sex, race,
diabetes, and years of follow-up, and with exclusion of partic-
ipants with an hs-CRP level greater than 10 mg/L.

RESULTS

During a median follow-up of 11 years, 967 incident CHD
events occurred among the 8,947 participants. Baseline char-
acteristics stratified by age and hs-CRP group are displayed in
Table 1. For both age groups at baseline, there was a signifi-
cantly higher prevalence of diabetes, hypertension, and smok-
ing, as well as a higher mean body mass index, in the group
with an elevated hs-CRP level. The unadjusted incidence rate
of CHD per 1,000 person-years was higher in those with an
elevated hs-CRP level for both age groups, with a higher overall
rate observed in the elderly (14.4 per 1,000 person-years vs.
8.5 per 1,000 person-years; P < 0.001).

The incidence rate of CHD was linearly associated with
total cholesterol levels among participants less than 65 years
of age, regardless of hs-CRP level. In contrast, among partic-
ipants 65—75 years of age at baseline, elevated hs-CRP level
was associated with a higher CHD rate and a blunted, nearly
flat association of cholesterol level with CHD risk (Figure 1).
A spline model for the risk of CHD per 1.03-mmol/L increase
intotal cholesterol level stratified by hs-CRP group, with aknot
at age 65, demonstrated similar results (see Web Figure 1,
available at http:/aje.oxfordjournals.org/).

Changes in serum cholesterol level and LDL cholesterol
level between ARIC visits were stratified by age and hs-CRP
groups (Table 2). The change in cholesterol level was great-
est between visits 1 and 4 (9 years apart) for all groups. In par-
ticipants less than 65 years of age, an elevated hs-CRP level
was significantly associated with a larger drop in total and LDL
cholesterol levels (P < 0.05). At older ages, the drop in serum
cholesterol level was larger, at approximately 0.34 mmol/L
(13 mg/dL) over the 9 years, but it did not differ signifi-
cantly between hs-CRP groups.

Cox proportional-hazards models stratified by age and hs-
CRP group were used to assess the adjusted association between
serum cholesterol level and CHD risk (Table 3). In partici-
pants less than 65 years of age, serum total and LDL choles-
terol levels remained significantly associated with CHD for
both hs-CRP groups. Among older participants with an hs-CRP
level of <2 mg/L, total and LDL cholesterol levels remained
just as strongly associated with CHD as in younger participants
in the same hs-CRP category. However, among older partici-
pants with an elevated hs-CRP level, CHD had only a border-
line significant association with total cholesterol level (hazard
ratio = 1.14, confidence interval: 1.00, 1.29) and a nonsignif-
icant association with LDL cholesterol level (hazard ratio =
1.10, confidence interval: 0.96, 1.26). For persons less than 65
years of age, the association between CHD and serum choles-
terol level did not differ significantly between hs-CRP groups.
For participants 65 years of age or older with an hs-CRP level
less than 2 mg/L, CHD was more strongly associated with
total cholesterol level (P <0.05) and LDL cholesterol level
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(P <0.10) than in those with an elevated hs-CRP level. The
association of total and LDL cholesterol levels with CHD was
also significantly weaker in older participants with an elevated
hs-CRP level than in younger participants with an elevated
hs-CRP level (P < 0.05). The continuous 3-way interaction term
between age, hs-CRP level, and cholesterol level in the fully
adjusted hazards model (model 3) was significant for both
total cholesterol (P =0.003) and LDL cholesterol (P = 0.006).
The results were similar when the interaction was tested on
the additive scale, with P values of 0.01 for the total cholesterol
model and 0.06 for the LDL cholesterol model. Consistent
with previous ARIC publications, hs-CRP level was indepen-
dently associated with CHD, with fully adjusted relative hazard
ratios per natural log unit of 1.18 (95% confidence interval:
1.07, 1.29) at less than 65 years of age and 1.23 (95% confi-
dence interval: 1.12, 1.35) at 65-75 years of age.

We performed several sensitivity analyses to examine vari-
ation in subgroups. In general, the findings were similar when
stratified by sex, race, diabetes, and length of follow-up, after
the reduced power and precision resulting from further sub-
division of the cohort were taken into account (Table 4). The
attenuation with age and elevated hs-CRP level was present to
some extent in all groups but was most marked among women
and black participants. It is interesting that the attenuation was,
if anything, more marked at follow-up of 5-10 years than in
the first 5 years, despite the possible hypothesis that subclin-
ical disease might manifest within the first 5 years of follow-
up. We also performed an analysis that excluded participants
with an hs-CRP level of 10 mg/L or higher because hs-CRP
levels can be highly elevated if measured at the time of an active
infection. Despite the smaller sample size, the findings were
largely similar. The results were similar when we used the hs-
CRP cutpoints of <1 mg/L, 1-<3 mg/L, and >3 mg/L to ana-
lyze the data. We also investigated models with adjustments for
alcohol consumption, physical activity, and socioeconomic status
and found no significant change in the estimates (not shown).

DISCUSSION

The present study compares the association of serum cho-
lesterol level and CHD among persons younger and older than
65 years, stratified by level of hs-CRP. In older participants
65-75 years of age with an hs-CRP level of <2 mg/L, serum
total and LDL cholesterol levels were predictive of CHD, with
a magnitude of association similar to that of participants 53—65
years of age. In contrast, in older participants with an elevated
hs-CRP level, total cholesterol and LDL cholesterol levels were
more weakly associated with CHD than in younger participants.

Serum cholesterol level strongly predicts adverse cardiac
events in the general population (1). However, data conflict with
regard to the precise nature of this relationship in elderly per-
sons. Previous studies have reported U-shaped, J-shaped, and
linear associations between serum cholesterol level and car-
diac events in the elderly (8, 31-34). Furthermore, some studies
have reported no relationship between the two in older adults
(6, 35). Competing risk factors in the elderly that might be
associated with both a decline in serum cholesterol level and
an increase in cardiovascular events could confound the asso-
ciation and in part explain the nonlinear relationships described
previously. The National Cholesterol Education Program,
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Figure 1.

The association of crude coronary heart disease (CHD) incidence per 1,000 person-years of follow-up with total cholesterol category

stratified by high-sensitivity C-reactive protein (hs-CRP) group, as measured at visit 4 (1996—-1997) for participants less than 65 years of age (A)
and 65—74 years of age (B) in the Atherosclerosis Risk in Communities Study, United States, 1987—2008. Lines without reference points represent
the linear trend of the association between total cholesterol level and CHD incidence for each hs-CRP group.

in its Adult Treatment Panel III report (36), acknowledges that
even though serum cholesterol level is less predictive in the
elderly, high-risk elderly persons still benefit from cholesterol-
lowering therapies. The guidelines also state that the use of
other risk-assessment tools can be helpful in identifying these
high-risk persons. Our findings suggest that an elevated hs-
CRP level can help to identify not only elevated CHD risk but
also a subgroup of elderly persons in whom cholesterol level
is not predictive of CHD risk.

The reason for the attenuated relationship between serum
cholesterol level and CHD in the elderly remains unclear. One

possible explanation is that competing risk factors emerge with
older age and subsequently diminish the predictive capabil-
ity of serum cholesterol level by elevating risk at all choles-
terol levels. Additionally, some comorbid conditions that are
more commonly found in the elderly (e.g., heart failure, malig-
nancy) could lead to malnutrition and lower cholesterol levels.
These persons are still at increased risk of CHD, despite their
lowered cholesterol level attenuating the associations (8, 37).
The impact of each of these and other known and unknown
comorbidities and overall frailty on the relationship between
serum cholesterol level and CHD is difficult to measure, which

Am J Epidemiol. 2013;178(7):1076-1084
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Table 2. Total Cholesterol and LDL Cholesterol Levels at Visit 4 (1996—1997) and Mean Difference When Compared With Previous Visits (1, 2,
and 3), According to Age (<65 and >65 Years) and hs-CRP Level (<2 and >2 mg/L), Atherosclerosis Risk in Communities Study, United States,

1987-2008
hs-CRP Level
Age <65 Years Age >65 Years
<2 mg/L >2 mg/L Overall <2 mg/L >2 mg/L Overall
Total cholesterol, mmol/L
Visit 4, mean (SD) 5.17 (0.92) 5.22 (0.94)* 5.20 (0.94) 5.20 (0.93) 5.25(0.94) 5.23(0.94)
Change to visit 4
Visit 3, mean (SD) 0.01 (0.64) —0.10 (0.68)* —0.06 (0.67) —0.11 (0.64)** -0.12(0.67) —0.12 (0.66)**
Visit 2, mean (SD) —-0.02 (0.75) —0.08 (0.78)* —-0.06 (0.77) —0.15 (0.73)** —0.17 (0.78)** —0.16 (0.76)**
Visit 1, mean (SD) —0.09 (0.80) —-0.14 (0.82)* —-0.12(0.81) —0.34 (0.77)** —0.34 (0.79)** —0.34 (0.78)**
LDL cholesterol, mmol/L
Visit 4, mean (SD) 3.19(0.86) 3.18(0.88) 3.19(0.87) 3.20 (0.84) 3.22(0.87) 3.21(0.86)
Change to visit 4
Visit 3, mean (SD) 0.04 (0.61) —0.03 (0.64)* —0.002 (0.63) —0.06 (0.61)*x* —0.06 (0.62) —0.06 (0.62)**
Visit 2, mean (SD) —-0.07 (0.71) —0.14 (0.75)* —-0.11(0.74) —0.20 (0.69)** —0.20 (0.73)** —0.20 (0.77)%*
Visit 1, mean (SD) -0.12(0.73) —-0.18 (0.76)* —-0.15(0.75) —0.32 (0.73)** —0.33(0.75)** —0.33(0.74)**

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; SD, standard deviation.
* P<0.05 (compared with lower hs-CRP group); ** P < 0.05 (compared with lower age group).

suggests that integrative markers such as hs-CRP might be

useful alternative measures.

hs-CRP is an inflammatory marker that is predictive of

can confer an increased risk of adverse cardiac events inde-
pendent of cholesterol levels. An extreme example in which
inflammation and conditions that lower cholesterol alter the

adverse cardiac events—a relationship that likely is explained
in part by the inflammatory nature of atherosclerosis (10—12,
38). However, an elevated hs-CRP level is not specific to CHD
(9) and has been observed in several other conditions, such
as heart failure (19), malignancy (14—17), renal insufficiency
(20), and infectious disease (18). In turn, these conditions

association with risk is that of dialysis patients, in whom a
higher cholesterol level is associated with a lower risk of death
(39). However, in an analysis restricted to dialysis patients
without evidence of inflammation or malnutrition, serum cho-
lesterol level was positively associated with all-cause mortality
rate (23). We propose that the attenuated relationship between

Table 3. Risk of Coronary Heart Disease per 1.03-mmol/L Increase in Total Cholesterol and LDL Cholesterol Levels, According to hs-CRP
Category at Visit 4 (1996—1997), Atherosclerosis Risk in Communities Study, United States, 1987-2008

hs-CRP Level
Age <65 Years Age >65 Years
<2 mg/L >2mg/L Overall <2 mg/L >2mg/L Overall
(n=2,483) (n=3,146) (n=5,629) (n=1,446) (n=1,872) (n=3,318)
HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Total cholesterol
Model 12 133 1.15,155 131 117,146 132 120,144 143 122,168 1.11* 098,126 123 1.11,1.35
Model 2° 135 1.16,157 135 120,151 135 124,148 145 123,1.70 1.11%** 098,126 1.23 1.11,1.36
Model 3° 1.39 120,161 137 122,153 138 126,152 146 1.24,1.71 1.14%** 1.00,1.29 1.26 1.14,1.39
LDL cholesterol
Model 1 142 121,167 136 121,153 139 126,153 139 1.17,1.64 1.17 1.02,1.34 125 1.13,1.39
Model 2 145 124,170 141 125,159 143 1.30,157 142 1.20,1.68 1.16%* 1.02,1.33 1.26 1.13,1.40
Model 3 143 121,167 140 124,158 141 128,155 142 1.18,1.67 1.10** 096,126 1.22 1.09,1.36

Abbreviations: Cl, confidence interval; HR, hazard ratio; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein.
* P<0.05 (compared with lower hs-CRP group); ** P < 0.05 (compared with lower age group).

& Model 1 adjusted for age, sex, and race.

® Model 2 adjusted for age, sex, race, current smoking, diabetes, hypertension, and body mass index.
¢ Model 3 adjusted for age, sex, race, current smoking, diabetes, hypertension, body mass index, and high-density lipoprotein cholesterol.
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Table 4. Sensitivity Analysis for Risk of Coronary Heart Disease per 1.03-mmol/L Increase in Total Cholesterol and LDL Cholesterol Levels,
According to hs-CRP Category at Visit 4 (1996—1997), Atherosclerosis Risk in Communities Study, United States, 1987—-2008%

hs-CRP Level
Age <65 Years Age >65 Years
<2 mg/L >2 mg/L Overall <2mg/L >2 mg/L Overall
(n=2,483) (n=3,146) (n=5,629) (n=1,446) (n=1,872) (n=3,318)
HR 95% ClI HR 95% CI HR 95% CI HR 95% CI HR 95% ClI HR 95% Cl
Total cholesterol

Sex

Male 137 114,163 139 117,162 138 122,156 1.40 1.14,1.71 1.32 1.11,1.57 1.36 1.20,1.55

Female 145 111,192 137 117,160 140 122,160 1.61 1.22,2.12 0.98*** 0.81,1.18 1.13** 0.97,1.32
Race

White 1.38 1.06,1.63 1.30 1.34,1.82 1.33 1.20,1.48 1.43 1.20,1.71 1.21 1.05,1.40 1.38 1.19,1.60

Black 149 1.10,2.02 1.70 1.33,2.16 159 1.32,1.92 155 1.04,2.32 0.94*%*+ 0.71,1.24 1.11 0.89, 1.40
Diabetes

Yes 143 1.08,190 148 1.17,1.88 148 1.24,1.78 1.44 1.01,2.06 1.03** 0.80,1.32 1.14 0.93,1.39

No 1.36 1.14,163 134 1.18,153 136 1.22,1.51 149 125,179 1.18* 1.02,1.36 1.30 1.16,1.46
Years of

follow-up

0-5 1.32 1.06,1.63 156 1.34,1.82 148 1.31,1.69 152 1.19,1.93 1.28 1.06,1.54 1.38 1.19,1.60

>5-10 145 1.15,1.82 1.09 0.89,1.34 123 1.06,1.43 129 0.99,1.68 1.02 0.84,1.24 1.11 0.95,1.30
hs-CRP level

<10 mg/L 1.39 120,161 126 1.11,144 132 120,146 1.45 124,171 1.17* 1.02,1.34 1.29 1.16,1.43
Norheumatoid 1.43 1.22,1.67 135 1.20,152 139 127,153 157 1.01,1.32 1.27* 1.15,1.41 1.43 1.16,1.77

arthritis or

lupus
LDL cholesterol
Sex

Male 139 112,171 141 117,171 143 1.25,1.63 144 0.96,2.15 1.32 1.09,1.60 1.39 1.19,1.57

Female 142 1.05,192 140 119,165 141 121,163 142 1.17,1.72 1.12%* (0.96,1.32 1.00** 0.88,1.23
Race

White 141 117,170 132 114,152 135 1.21,1.52 139 1.15,1.67 1.16 0.99,1.37 1.27 1.12,1.43

Black 153 1.11,2.11 1.71 1.33,221 1.62 1.33,1.98 142 091,220 0.94%* 0.70,1.27 1.08** 0.84,1.38
Diabetes

Yes 151 1.11,2.04 146 1.13,1.89 150 1.23,1.83 1.44 1.96,2.15 1.03 0.79,1.35 1.13 0.91,1.40

No 139 1.15,1.68 1.38 1.20,1.59 1.38 1.23,1.54 142 1.17,1.72 1.12 0.96,1.32 1.25 1.10,1.42
Years of

follow-up

0-5 1.34 1.05,1.70 1.60 1.36,1.89 151 1.31,1.73 150 1.16,1.96 1.20* 0.98,1.48 1.33 1.13,1.56

>5-10 150 1.18,1.92 1.10 0.89,1.37 125 1.07,147 1.18 0.89,1.57 1.03 0.84,1.27 1.08 0.92,1.28
hs-CRP level

<10 mg/L 143 121,167 127 110,146 133 1.20,148 1.41 1.18,1.67 1.12 0.97,1.31 1.25 1.11,1.40
No rheumatoid 1.38 1.21,1.56 1.42 1.28,157 126 1.02,1.55 1.11 0.96,1.28 1.23 1.09,1.38 1.45 1.17,1.80

arthritis or

lupus

Abbreviations: ARIC, Atherosclerosis Risk in Communities Study; Cl, confidence interval; HR, hazard ratio; hs-CRP, high-sensitivity C-reactive
protein; LDL, low-density lipoprotein.

* P<0.05 (compared with lower hs-CRP group); ** P< 0.05 (compared with lower age group).

@ Results were adjusted for age, sex, race, current smoking, diabetes, hypertension, body mass index, and high-density lipoprotein cholesterol.
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serum cholesterol level and CHD in elderly persons might be
related to these competing comorbidities.

ARIC is alarge, multicenter cohort study representing men,
women, whites, and blacks in the US population at around the
age of 65 years, the age at which the cholesterol relationship
attenuates. Additionally, ARIC had high follow-up rates, and
centralized laboratories were used to analyze serum biomark-
ers. The relatively narrow age range of 65—75 years among the
elderly group is a strength because the study focused on a spe-
cific group (the young-old) but also a limitation because it did
not address the older old. Elevated hs-CRP level is a nonspe-
cific marker for inflammation, and therefore it does not pre-
cisely identify which comorbidities might be responsible for
the attenuated relationship between cholesterol level and CHD
risk in the elderly. Nevertheless, the nonspecific nature of hs-
CRP means that it could integrate all of these comorbidities
into a single group, precluding the necessity of identifying them
individually.

Serum cholesterol level has a similar predictive risk of CHD
in younger and older persons with an hs-CRP level of <2 mg/L.
However, among older participants 65-75 years of age, an
elevated hs-CRP level marked a subgroup in which total and
LDL cholesterol levels were weak or nonsignificant risk fac-
tors for subsequent incidence of CHD. Thus, in addition to
its use as a marker of elevated risk, hs-CRP level can be use-
ful for stratifying older adults 65—75 years of age into sub-
groups: 1) a subgroup with low hs-CRP levels for whom the
cholesterol level-CHD risk relationship is similar to those at
younger ages and 2) a subgroup with elevated hs-CRP levels
in whom the cholesterol level-CHD risk relationship is mark-
edly attenuated.
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