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OBJECTIVES: To investigate the role of low-density lipo-
protein cholesterol (LDL-C) as a predictor of mortality in
elderly subjects.

DESIGN: Population-based prospective cohort study.

SETTING: Two communities in northern Italy.

PARTICIPANTS: Three thousand one hundred twenty
Caucasian subjects aged 65 and older recruited in for the
Cardiovascular Study in the Elderly and followed up for
12 years.

MEASUREMENTS: Anthropometric measures: fasting
plasma total cholesterol, triglyceride, high-density lipopro-
tein cholesterol, LDL-C, glucose, creatinine, and body mass
index. Clinical measures: medical assessment, diabetes
mellitus, hypertension, stroke, coronary disease, heart fail-
ure, and smoking and drinking habits. Vital status meas-
ures: death certificates from the Registry Office and causes
of death according to the International Classification of
Diseases. After plotting mortality rates using quartiles of
LDL-C, relative hazard rates (RHRs) were calculated using
multivariate Cox regression analyses. When the trend was
nonlinear, the RHRs were further calculated for the 25th,
50th, and 75th percentiles of the distribution to confirm
curvilinearity.

RESULTS: The distribution of risk of total mortality in
women and of fatal heart failure in all subjects was curvi-
linear (non J-shaped), decreasing nonlinearly with LDL-C.
For total mortality in men and cardiovascular mortality in
both sexes, the relationship with LDL-C was J-shaped. The
risk of fatal myocardial infarction was J-shaped in men,
whereas it increased linearly with higher LDL-C in women.
In both sexes, the association between stroke mortality and
LDL-C was not significant.

CONCLUSION: This study adds to the uncertainty of the
role of elevated levels of LDL-C as a risk factor for mor-
tality in old people. J Am Geriatr Soc 53:2159–2164, 2005.

Key words: elderly; mortality; ischemic heart disease; car-
diovascular risk factors

Worldwide, populations are on a remarkable transition
path from a state of high to low birth and death rates.

One of every 10 persons is aged 60 and older; by 2050, the
number of people within this age range will double. Serum
lipids, in particular cholesterol and its subfractions, have
long been recognized as important risk factors in middle-
aged subjects,1,2 but in an era of broadening indications to
prescribe lipid-lowering drugs even at normal levels of se-
rum cholesterol,3 prospective cohort studies4–9 on the role
of serum lipids as risk factors in older people remain con-
tradictory. Indeed, in some6,9,10 but not all studies,4,5 cho-
lesterol predicted coronary complications, especially in
men, whereas total and cardiovascular mortality were
not4,5 or were inversely6–9 associated with serum choles-
terol. Furthermore, the risk associated with serum choles-
terol differs according to ethnicity and geographic area. For
example, rates of myocardial infarction (MI) are higher in
northern than southern Europe.11 Moreover, patients ran-
domized in clinical trials of lipid-lowering drugs were gen-
erally selected on the basis of multiple risk factors, and even
in these high-risk patients, lowering cholesterol did not im-
prove outcomes in women aged 40 to 79 (mean 63)12 or 70
to 82 (mean 75).13

In the Cardiovascular Study in the Elderly (CASTEL),
elderly people were recruited from a general Italian popu-
lation, and mortality was monitored from 1983 to 1995.
The roles of low-density lipoprotein cholesterol (LDL-C)
and other serum lipids were investigated as predictors of all-
cause and cardiovascular mortality while allowing for other
risk factors and nonlinear relationships.

METHODS

From 1983 to 1985, 3,120 subjects aged 65 and older,
representing 73% of the elderly inhabitants of the
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northern Italian towns of Castelfranco and Chioggia, were
enrolled. The study was conducted according to the
principles outlined in the Helsinki Declaration for in-
vestigation in human subjects. The CASTEL ethics review
committee approved the protocol.14 Participants gave in-
formed consent.

At baseline, trained doctors who were part of the ad
hoc team measured sphygmomanometric blood pressure
(phase 5 diastolic) in triplicate at 5-minute intervals and
determined pulse rate. These procedures were repeated
twice at 1-month intervals. For the present analysis, the
blood pressure readings of the last visit were averaged. Body
mass index (BMI) was calculated as body weight (kg) di-
vided by height squared (m). A standardized questionnaire
was administered to collect information on each subject’s
medical history, use of medications, and smoking and
drinking habits. After an overnight fast, venous blood was
collected for measurement of blood glucose, serum uric ac-
id, serum creatinine, and serum lipids, including total and
high-density lipoprotein cholesterol (HDL-C) and triglyc-
erides. LDL-C was calculated using Friedewald’s algo-
rithm.15 Diabetes mellitus was defined as a fasting blood
glucose of 7.0 mmol/L (126 mg/dL) or higher on two sep-
arate occasions or as receiving treatment with antidiabetic
agents. Subjects were followed for 12 years.16 Death cer-
tificates were obtained from the Registry Office. If the cause
of death could not be established with certainty from the
death certificate, the diagnosis was ascertained via consul-
tation with the family doctors’ files, hospital, and retire-
ment home clinical files and by asking first of kin. A trained
research physician coded causes of death according to the
International Classification of Diseases, Ninth Revision.
Codes 398.91; 402.0; 410–414; 414.1, 8, and 9; 415.1;
428.0–3 and 9; 429.1, 2, and 7; 430–438; 444; and 492.2
were used to define cardiovascular mortality. Mortality was
defined as cardiovascular when due to coronary heart dis-
ease, stroke, heart failure, arrhythmias, or pulmonary em-
bolism and as noncardiovascular when due to other causes.
No cause of death was missed.

To avoid bias in the process of record review, those who
analyzed the causes of death were blind to subjects’ LDL-C
level. Stroke was a neurological deficit leading to death with
no apparent cause other than vascular. Cardiovascular
mortality included sudden death, stroke, MI, heart failure,
and other cardiovascular disorders. History of cardiovas-
cular events (MI, angina pectoris, heart failure, intermittent
claudication, and stroke) was also recorded. Subjects with
at least one of the following items at baselineFMinnesota
code 1.1, 1.2, or 1.3 (if absent 6.4.1); 4.1 or 4.4 (if absent
6.4.1, 7.1.1, and 7.2.1); or 5.1, 5.2, 5.3, or 5.4 (if absent
6.4.1, 7.1.1, 7.2.1, and 7.4), positive myocardial scinti-
graphy, positive stress test, history of MI confirmed by hos-
pital files, history of angina pectoris confirmed by hospital
or physician’s files, or appropriate antianginal chronic
treatmentFwere labeled as having historical coronary
heart disease. Subjects having clear and permanent neuro-
logical consequences or a positive history confirmed by
hospital or physician’s files or a positive computed tomo-
graphy scan were considered to have had a stroke. Subjects
with enlarged heart according to chest x-ray, dyspnea, or
peripheral edema were considered to have congestive heart
failure.

None of the 3,120 subjects recruited for the study had
dementia (a condition that could reduce life expectancy and
confound the relationship between LDL-C and death), be-
cause people with dementia would have been unable to an-
swer the Rose’s questionnaire.

For statistical analysis, SAS software, version 8.1 (SAS
Institute, Inc., Cary, NC) was used. Means and proportions
were compared using analysis of variance and a multiple
means test and proportions using the chi-square test. Death
rates adjusted for age were first plotted using the direct
method by quartiles of serum lipid distributions in women
and men separately. Risk factors affecting the incidence of
mortality were then identified using a stepwise Cox regres-
sion procedure, terminating when all regression coefficients
in the model were statistically significant at the 5% level.
Baseline characteristics considered for entry into the Cox
model were age, systolic and diastolic blood pressure, pulse
rate, BMI, historical cardiovascular events, current smok-
ing and alcohol intake, a history of diabetes mellitus, and
serum concentrations of creatinine and uric acid. Using Cox
regression, whether the addition of a squared term of serum
lipid concentration significantly added to the risk predic-
tion was tested. In case of curvilinear fit of the risk function,
relative hazard rates (RHRs) are not constant over the range
of serum lipid concentration. For such relationships, RHRs
with 95% confidence intervals (CIs) for a 1-mmol LDL-C
increase above the 25th, 50th, and 75th percentiles of the
distribution were reported.

RESULTS

The study participants included 1,887 women and 1,233
men. Mean age � standard deviation was 73.8 � 5.3, and
BMI averaged 26.6 � 4.0 kg/m2. Prevalence of heart disease
was 54.0% (66.4% in men and 45.9% in women, Po.001).
The 5th to 95th percentile intervals of serum total choles-
terol and LDL-C ranged from 3.9 to 7.6 mmol/L (151–
293 mg/dL) and from 2.0 to 5.2 mmol/L (77–201 mg/dL),
respectively. Women had higher systolic (161.8 vs
156.8 mmHg) and diastolic (89.4 vs 87.7 mmHg) blood
pressure; faster pulse rate (77.6 vs 73.6 beats per minute);
and higher serum concentrations of total cholesterol (5.9 vs
5.4 mmol/L; 228 vs 208 mg/dL), LDL-C (3.6 vs 3.4 mmol/L;
139 vs 131 mg/dL), HDL-C (1.6 vs 1.4 mmol/L; 62 vs
54 mg/dL), and triglycerides (1.5 vs 1.4 mmol/L; 133 vs
124 mg/dL) than men (Po.001). Serum creatinine (78.7
vs 90.2 mmol/L; 0.89 vs 1.02 mg/dL) and uric acid (303 vs
334 mmol/L; 5.1 vs 5.6 mg/dL) were lower (Po.001) in
women than men. Because of these sex differences, women
and men were analyzed separately.

In men, systolic blood pressure was 3.1%, 3.1%, and
3.4% (Po.05) higher in the second, third, and fourth quar-
tiles of LDL-C than in the first (153.1 � 23.0 mmHg). In
women, systolic blood pressure was 2.8%, 2.4%, and 2.8%
(Po.05) higher in the second, third, and fourth quartiles,
respectively, than in the first (158.6 � 24.5 mmHg), and
diastolic blood pressure was 2.4%, 2.4%, and 2.5%
(Po.05) higher in the second, third, and fourth quartiles,
respectively, than in the first (87.9 � 11.8 mmHg). In both
sexes, BMI was significantly higher in the fourth than in the
first quartile of LDL-C (5.9%, Po.05, in men; 3.0%,
Po.05, in women), whereas HDL-C was lower (�13.3%,
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Po.05, in men; �6.2%, Po.05, in women). No differ-
ences across quartiles of LDL-C were observed for the other
characteristics in either sex.

Median follow-up was 11.1 years (range 0.02–12.0).
Death rates were first evaluated according to quartiles of
serum LDL-C. In both sexes, the age-adjusted death rates in
relation to serum LDL-C showed a curvilinear or U-shaped
pattern for total and cardiovascular mortality (Figure 1)
and an inverse association for deaths from heart failure
(Figure 2).

Stepwise Cox regression identified age, systolic blood
pressure, history of diabetes mellitus and cardiovascular
disease, and serum uric acid concentration as consistent
predictors of one or more fatal outcomes in women and
men. Furthermore, in men and women, coronary and total
mortality increased with higher serum creatinine concen-
tration. In addition, all-cause mortality was inversely and
independently correlated with BMI. In men but not women,
higher pulse rate and current smoking were significant and
independent predictors of mortality. All RHRs were there-
fore adjusted for age, systolic blood pressure, history of
diabetes mellitus and cardiovascular disease, and serum
uric acid concentration and in men also for pulse rate and
current smoking. RHRs for MI and total mortality were
additionally adjusted for serum creatinine concentration
and for BMI and serum creatinine concentration, respec-
tively.

Cox regression confirmed that, in women and men
(Tables 1 and 2), deaths from all and cardiovascular causes
and those from heart failure were independently and cur-
vilinearly related to serum LDL-C. The nadirs of these re-
lations were from 0.62 to 1.02 mmol/L (24–39 mg/dL)
higher in women than men. In women (Figure 1 and Table
1), total mortality decreased with higher serum LDL-C, but
the decline in risk was more pronounced at low (25th per-
centile) than high (75th percentile) serum LDL-C levels.
The Cox model revealed a similar inverse association with
LDL-C for mortality from heart failure in women (Figure 2
and Table 1) and men (Figure 2 and Table 2). For total
mortality in men (Figure 1 and Table 2) and for cardiovas-
cular mortality in women and men (Figure 1 and Tables 1
and 2), the curvilinear fit between these fatal outcomes and
LDL-C indicated that, with increasing LDL-C levels, the
risk declined at the lower end of the LDL-C distribution,
whereas at the upper end, the opposite trend was observed.
In men, the risk of dying from MI increased curvilinearly
with higher serum LDL-C. The probability of an event in-
creased more at higher than lower LDL-C levels (Figure 2
and Table 2). In women, the risk of MI also increased with
higher serum LDL-C, but this relationship was linear. In
women and men alike, the association between stroke mor-
tality and LDL-C was not significant (Figure 2 and Tables 1
and 2).

For total serum cholesterol, the model fit in Cox re-
gression and the RHRs were similar to those observed for
LDL-C (data not shown). Mortality tended to be linearly
and inversely correlated with serum HDL-C, but the rela-
tionship was only significant for death from MI in women
(RHR 5 0.59, 95% CI 5 0.35–0.99, P 5.046).

Serum triglyceride concentration was a linear and in-
dependent predictor of mortality. In men, the adjusted RHR
for a 0.5-mmol/L increase in triglycerides was 1.20 (95%
CI 5 1.10–1.32, Po.001) for total mortality, 1.17 (95%
CI 5 1.03–1.33, P 5.02) for cardiovascular mortality, 1.34
(95% CI 5 1.03–1.76, P 5.03) for mortality from MI, and
1.26 (95% CI 5 1.05–1.52, P 5.02) for heart failure mor-
tality. In women, the relationship was significant for MI
mortality only (1.18, 95% CI 5 1.00–1.40, P 5.047).

The findings for LDL-C were not materially altered
when the Cox models also accounted for other lipid frac-
tions such as HDL-C or serum triglycerides.
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Figure 1. Sex-specific and age-adjusted rates of total and cardio-
vascular mortality by quartiles of serum low-density lipoprotein
cholesterol at baseline. The number of deaths is given for each
quartile. Conversion factor to conventional units is 38.6.
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DISCUSSION

The key finding of this study was that, in older subjects with
low use of lipid-lowering drugs representative of the general
Italian population, serum LDL-C behaved as a multifaceted
and predominantly nonlinear predictor of cardiovascular
and all-cause mortality. The risk of total mortality in wom-
en and fatal heart failure in both sexes decreased with
higher LDL-C, the steepest decline occurring at the lower
end of the LDL-C distribution. For total mortality in men
and cardiovascular mortality in women and men, the rela-
tionship with LDL-C was U-shaped. Furthermore, LDL-C
was a consistent predictor of MI. In men, the risk of cor-
onary mortality increased more at high than low LDL-C
levels, whereas in women, the risk increase was constant
over the range of LDL-C.

Serum cholesterol is a strong predictor of coronary
heart disease and all-cause mortality in middle-aged pop-
ulations.1,2,10 The Multiple Risk Factor Intervention Trial
showed a curvilinear increment in the death rate of coro-
nary heart disease in 361,662 men aged 35 to 57 when total
serum cholesterol exceeded 4.7 mmol/L (181 mg/dL).2 The
evidence with regard to the risk associated with total cho-
lesterol or LDL-C in older populations is conflicting.4,6,8 In
the trial conducted by the European Working Party on High

Blood Pressure in the Elderly (aged �60, 70% women),17

serum cholesterol measured at randomization was inde-
pendently and inversely correlated with total mortality. The
correlations between cardiovascular and cardiac mortality
and serum total cholesterol were not significant.17 All fac-
tors being equal, an increase in serum total cholesterol was
associated with a 1-year prolongation of survival.17 In the
Framingham Heart Study,18 the risk ratio of coronary heart
disease between the highest and lowest quartiles of total
serum cholesterol was 2.2 for men aged 50 and older, com-
pared with 3.6 for younger men. One study calculated
pooled risk estimates across 22 cohort studies.19 The rel-
ative risk ratios of fatal coronary heart disease in relation-
ship to total cholesterol and LDL-C were statistically
significant across a broad age range and into old age (65),
although as in the Framingham Heart Study,18 the relative
risk weakened with advancing age, especially in women.
Several other prospective population studies reported pos-
itive and significant correlations between the incidence of
coronary events and serum total cholesterol or LDL-C in
older age groups.10,11,19,20 In contrast, many researchers
failed to demonstrate a positive association between
coronary risk and serum cholesterol level in older sub-
jects.4,5 This was probably attributable to previous selec-

Table 1. Association Between Mortality and Serum Low-Density Lipoprotein Cholesterol (LDL-C)� Concentration in
Women

Endpoint N

Model

Nadir (mmol/L)

Adjustedw Relative Hazard Ratio (95% Confidence Interval)
for 1-mmol Increase in LDL-C

Fit P-value P25 5 2.9 mmol/L P50 5 3.6 mmol/L P75 5 4.2 mmol/L

Totalz 848 CL .03 4.86 0.84 (0.79–0.91) 0.92 (0.85–0.98) 0.98 (0.89–1.08)
Cardiovascular 507 CL .03 4.26 0.88 (0.81–0.97) 0.97 (0.89–1.06) 1.06 (0.94–1.18)
Myocardial infarction§ 91 L .04 F F 1.23 (1.01–1.50) F
Stroke 101 L .31 F F 0.90 (0.73–1.11) F
Heart failure 197 CL .04 4.70 0.78 (0.68–0.90) 0.89 (0.77–1.02) 0.99 (0.82–1.20)

�Conversion factor to conventional units for LDL-C is 38.6.
wAdjusted for age, systolic pressure, pulse rate, current smoking, history of diabetes mellitus and complications of atherosclerosis, and serum uric acid concentration.
zAdditionally adjusted for body mass index and serum creatinine.
§ Additionally adjusted for serum creatinine.
P25, P50, P75 5 25th, 50th, and 75th percentiles of the serum LDL-C distribution; CL 5 curvilinear fit; L 5 linear fit.

Table 2. Association Between Mortality and Serum Low-Density Lipoprotein Cholesterol (LDL-C)�Concentration in Men

Endpoint N

Model

Nadir (mmol/L)

Adjustedw Relative Hazard Ratio (95% Confidence Interval)
for 1-mmol Increase in LDL-C

Fit P-value P25 5 2.7 mmol/L P50 5 3.3 mmol/L P75 5 3.9 mmol/L

Totalz 684 CL .001 3.84 0.84 (0.77–0.92) 0.99 (0.91–1.07) 1.16 (1.05–1.29)
Cardiovascular 327 CL .001 3.64 0.90 (0.79–1.02) 1.03 (0.92–1.16) 1.19 (1.02–1.38)
Myocardial infarction§ 64 CL .04 2.44 1.20 (0.88–1.63) 1.41 (1.11–1.79) 1.66 (1.31–2.10)
Stroke 67 L .14 F F 0.80 (0.60–1. 07) F
Heart failure 130 CL .03 3.72 0.84 (0.70–1.03) 1.10 (0.86–1.21) 1.22 (0.98–1.54)

�Conversion factor to conventional units for LDL-C is 38.6.
wAdjusted for age, systolic pressure, pulse rate, current smoking, history of diabetes mellitus and complications of atherosclerosis, serum uric acid concentration, pulse
rate, and current smoking.
zAdditionally adjusted for body mass index and serum creatinine.
§ Additionally adjusted for serum creatinine.
P25, P50, P75 5 25th, 50th, and 75th percentiles of the serum LDL-C distribution; CL 5 curvilinear fit; L 5 linear fit.
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tion, in the decades before the study, of subjects doomed to
survive despite cholesterol thanks to nonlipidic favorable
risk patterns. In elderly and very elderly populations, the
incidence of stroke rises exponentially with age so that, in
septuagenarians and octogenarians, stroke outweighs MI as
the major complication associated with blood pressure.21

As in the present study, serum cholesterol is often reported
as an inconsistent predictor of stroke, probably because
it is inversely associated with the risk of hemorrhagic
stroke.20,22

In the major primary23,24 and secondary25,26 preven-
tion trials of 3-hydrony-3 methylglutaryl coenzyme A
reductase inhibitors (statins) published before 2000, mean
serum LDL-C concentration at randomization ranged from
3.6 mmol/L26 to 5.0 mmol/L23 (139–193 mg/dL). Women
represented only 7.5% of the participants enrolled in the
primary prevention trials.27 The secondary prevention
studies included just subjects with established coronary
heart disease25 or a history of MI.26 Of the current study
participants, 912 and 172 women (48.3% and 9.1%) and
462 and 62 men (37.8% and 5.1%) had serum LDL-C lev-
els in excess of 3.6 mmol/L or 5.0 mmol/L (139 or 193 mg/
dL), respectively. Of subjects with a serum LDL-C concen-
tration higher than 3.6 mmol/L (139 mg/dL), 20 women
(2.2%) and 39 men (8.4%) had a history of ischemic heart
disease at baseline.

In general, the early statin trials suffered from age and
sex bias, having been mainly conducted in middle-aged
male populations.27 Extrapolations from these trials to
older people and women needed further evaluation. Re-
cently published intervention studies have addressed these
concerns;3,12,13,28 of 47,000 randomized participants,
15,075 (32.1%) were female, and 11,610 (24.7%) were
aged 70 and older. Overall, these trials included more than
60% of subjects aged 60 and older. Unfortunately, their
results can also not be extrapolated to the overall elderly
population or to ethnic groups with low mortality from
coronary heart disease. Indeed, these trials selectively en-
rolled high-risk patients with preexisting vascular disease
(coronary, cerebral, or peripheral), with multiple risk fac-
tors such as old age, smoking, hypertension, or diabetes
mellitus, or with both sets of prognosis-aggravating char-
acteristics. Use of statins could therefore be useful in those
selected elderly subjects. Thus, even these recent trials can-
not be viewed as being representative of a general older
population as described in the present report, in which
cholesterol behaved as a multifaceted risk factor.

This study must be interpreted within the context of its
limitations. First, the study was conducted in an Italian
population, so the results can probably be extrapolated to
Mediterranean people only. Serum LDL-C levels were not
measured but were calculated according to Friedewald’s
formula.15 At baseline, only a single measurement of the
serum lipids was obtained, so regression dilution bias could
not be corrected for.29 This study included only fatal out-
comes. The available medical records did not allow
distinguishing between hemorrhagic and ischemic stroke.
Assessment of dementia was incomplete, but recent data
have shown that this is not an important confounding fac-
tor, because an increased risk of death associated with low
LDL-C can be also found after excluding participants with
dementia.8 Nevertheless, the study participants represented

more than 70% of the elderly inhabitants of two Italian
towns. Moreover, recent trials of lipid-lowering drugs3,29

also used total mortality as their primary outcome, because
it incorporates cancer, can be easily validated, and is the
most meaningful endpoint possible in any study. In addi-
tion, the Heart Protection Study demonstrated similar ef-
fects of lipid lowering on fatal and nonfatal cardiovascular
outcomes.3

In conclusion, in unselected older subjects of Italian
extraction, serum LDL-C concentration is a multifaceted
risk factor. Results from trials of lipid-lowering drugs in
high-risk patients cannot be extrapolated to unselected eld-
erly populations without further evidence.
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