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ABSTRACT

Objectives To investigate the performance of classic risk

factors, and of some new biomarkers, in predicting

cardiovascular mortality in very old people from the

general population with no history of cardiovascular

disease.

Design The Leiden 85-plus Study (1997-2004) is an

observational prospective cohort study with 5 years of

follow-up.

Setting General population of the city of Leiden, the

Netherlands.

Participants Population based sample of participants

aged 85 years (215women and 87men) with no history of

cardiovascular disease; no other exclusion criteria.

Main measurements Cause specific mortality was

registered during follow-up. All classic risk factors

included in the Framingham risk score (sex, systolic blood

pressure, total and high density lipoprotein cholesterol,

diabetes mellitus, smoking and electrocardiogram based

left ventricular hypertrophy), as well as plasma

concentrations of the newbiomarkers homocysteine, folic

acid, C reactive protein, and interleukin 6, were assessed

at baseline.

Results During follow-up, 108 of the 302 participants

died; 32% (35/108) of deaths were from cardiovascular

causes. Classic risk factors did not predict cardiovascular

mortality when used in the Framingham risk score (area

under receiver operating characteristic curve 0.53, 95%

confidence interval 0.42 to 0.63) or in a newly calibrated

model (0.53, 0.43 to 0.64). Of the new biomarkers

studied, homocysteine had most predictive power (0.65,

0.55 to 0.75). Entering any additional risk factor or

combination of factors into the homocysteine prediction

model did not increase its discriminative power.

Conclusions In very old people from the general

population with no history of cardiovascular disease,

concentrations of homocysteine alone can accurately

identify those at high risk of cardiovascular mortality,

whereas classic risk factors included in the Framingham

risk score do not. These preliminary findings warrant

validation in a separate cohort.

INTRODUCTION

The prevalence and incidence of cardiovascular
disease increases exponentially with age.1-3 The abso-
lute numbers of cardiovascular events and deaths that
could theoretically be prevented in older people are
therefore substantial, although reductions in relative
riskmight be small (the geriatric paradox).4 Unsurpris-
ingly, some authors have argued strongly for cardio-
vascular preventive measures in this age group.5-7

Selectionof older people for secondaryprevention is
straightforward, since a history of cardiovascular
disease itself is the strongest predictor of future
cardiovascular morbidity and mortality.8 In primary
prevention, patients are identified according to the
classic risk factors for cardiovascular disease, including
age, sex, systolic blood pressure, total and high density
lipoprotein cholesterol, diabetes mellitus, smoking,
and electrocardiogram based left ventricular
hypertrophy.9-11 The Framingham risk score, which
includes these classic risk factors, was originally
validated for people aged up to 75 years, but has
nevertheless been much used in older populations, in
theabsenceof anappropriate alternative.12 13However,
the power of classic risk factors to accurately predict
risk of cardiovascular disease seems to diminish with
advancing age.11 14 Observational studies in the oldest
people (≥85 years) have shown that some of these risk
factors become nebulous, or even act in the reverse
direction, at this age.15-19 Thedebate on the lowefficacy
of primary preventive interventions targeted at classic
risk factors in this agegroup is alsoongoing, fuelling the
argument that current methods of predicting cardio-
vascular risk in the oldest people might not be
effective.20-24

Several new biomarkers are effective indicators of
high risk of cardiovascular disease—namelyC reactive
protein, folic acid, interleukin 6, homocysteine, fibri-
nogen, cystatin C, troponin I, various lipoproteins and
apolipoproteins, and natriuretic peptides. Their incre-
mental predictive value beyond that of classic risk
factors, however, is generally small.25-35 Since the
predictive value of classic risk factors wanes with age,
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we postulated that new biomarkers might be more
effective in older populations, not only when added to
classic risk factors, but also in isolation. The predictive
value of individual new biomarkers in older popula-
tions has rarely been studied, and findingsweremostly
inconclusive, except for raised concentrations of
homocysteine and N-terminal pro-brain natriuretic
peptide, which are both associated with an increased
risk of cardiovascular disease in older people.36-39

Recently, however, a study in a cohort of men aged
71years found that theadditionof fournewbiomarkers
to a model with classic risk factors significantly
improved prediction of death from cardiovascular
causes.40 Data about the performance of combinations
of new biomarkers in isolation from classic risk factors
are still non-existent.
To improve strategies for primary prevention of

cardiovascular disease in the oldest people, we
examined ways to identify those at high risk by
assessing the performance of classic risk factors and
some new biomarkers as predictors of cardiovascular
mortality over five years in people without cardio-
vascular disease at age 85 years.

METHODS

Study design, setting and population

The Leiden 85-plus Study is an observational, pro-
spective, population based cohort study of inhabitants
of the city of Leiden, theNetherlands. Its general aim is
to study determinants of successful ageing in the
general population of the oldest people. Between
September 1997 and September 1999, 705 people in
the 1912-14 birth cohort reached the age of 85 years
and were eligible to participate in the study. No
exclusion criteria were used. Fourteen people died
before enrollment; a total of 599 (87%) people gave
informed consent to take part andwere recruited to the
study. All participants were visited at their homes,
where they underwent face to face interviews, blood
sampling, electrocardiography, and functional tests.
For the present study, we excluded all participants

with a history of cardiovascular disease, including
myocardial infarction, stroke, peripheral arterial dis-
ease (intermittent claudication or surgery for non-
cardiac arterial disease), angina pectoris, or heart
failure (n=250 of 599, 42%). To this end, we inter-
viewed participants’ primary care physicians about
these conditions. Since previously unrecognised
(silent) myocardial infarctions are highly prevalent in
old age,41 we decided to exclude an additional 22
participants because their baseline electrocardiogram
showed evidence of a previous myocardial infarction
(defined as the presence ofMinnesota codes 1-1 or 1-2,
excluding code 1-2-8).42 43 Finally, 25 participants were
excluded because ofmissing data for classic risk factors
or new biomarkers, leading to a final sample size of
n=302.

Cardiovascular mortality

Allparticipantswere followedup formortalityuntil age
90 years; none was lost to follow-up. Dates of death

were obtained frommunicipality records. Specific data
on causes of death were obtained from Statistics
Netherlands, where all national death certificates are
coded according to the International Classification of
Diseases and Related Disorders, 10th revision.44

Causes of death were divided into cardiovascular
causes (codes I00-I99) and non-cardiovascular causes
(all other codes). Assignment of cause of death was
independent of the risk factors that were determined in
participants at age 85 years.

Classic risk factors in participants at age 85 years

Systolic blood pressure
Blood pressure was measured on two occasions with a
mean interval of two weeks. Systolic blood pressure
was recorded at the onset of Korotkoff phase I. The
mean of the measured systolic values was used for
analyses.

Total and high density lipoprotein cholesterol
Blood samples were obtained for measurement of
serum concentrations of total cholesterol and high
density lipoprotein, which were analysed on fully
automated computerised analysers (Hitachi 747 and
911; Hitachi, Tokyo, Japan).

Smoking
All participants were interviewed about present and
past smoking habits. Current and past smokers of
cigarettes, cigars, and pipes were judged to have a
history of smoking.

Diabetes mellitus
Diabetes mellitus was considered present when the
primary care physician stated so, when non-fasting
glucose concentrations were greater than 11.0mmol/l,
orwhen, according topharmacist records, a participant
was taking diabetes medication.

Electrocardiogram based left ventricular hypertrophy
Electrocardiograms were recorded on a Siemens
Sicard 440 (Erlangen, Germany) and transmitted to
the electrocardiograms core laboratory in theGlasgow
Royal Infirmary for automated Minnesota coding.42

All electrocardiograms were reviewed to exclude
coding errors due to technical causes. Left ventricular
hypertrophywasdefinedbyMinnesotacodes310,330,
or 340.

New biomarkers in participants at age 85 years

We selected four of the new biomarkers that had been
measured in the Leiden 85-plus Study: homocysteine
and folic acid from the methionine-homocysteine
pathway, and C reactive protein and interleukin 6 as
markers of inflammation.

Homocysteine
Concentrations of homocysteine were measured in
plasma samples with a fluorescence polarisation
immunoassay after reduction to the free form with an
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IMx analyzer (Abbott, Abbott Park, IL, USA; coeffi-
cient of variation 2.2-2.5%).

Folic acid
Serum concentrations of folic acid were measured
using the dual count solid phase no boil assay
(Diagnostic Products Corporation, Los Angeles, CA,
USA; coefficient of variation 4.7-7.3%).

C reactive protein
Plasma concentrations of C reactive protein were
measuredusing a fully automatedHitachi 747 analyzer
(Hitachi, Tokyo, Japan; detection limit 1 mg/l;
coefficient of variation <5%).

Interleukin 6
Serum concentrations of interleukin 6 were measured
using a standard enzyme linked immunosorbent assay
(Sanquin,Amsterdam, theNetherlands, detection limit
4 pg/ml, coefficient of variation 5-10%).

Data analysis

For every participant, we calculated the Framingham
risk score using the modified classic Framingham
equation, with 5 year cardiovascular mortality as the
endpoint (as opposed to 10 year incidence of coronary
heart disease) and including the weighted risk factors
age, sex, systolic blood pressure, total and high density
lipoprotein cholesterol concentrations, smoking, dia-
betes mellitus, and electrocardiogram based left
ventricular hypertrophy.13 Since all participants were
85 years old, age did not contribute to differences in
absolute risk scores. We assigned participants to high
risk, intermediate risk, and low risk groups based on
tertiles of the calculated Framingham risk scores. We
repeated analyses with different cut-off values for risk
scores (quartiles, deciles).
We constructed seven new prediction models, each

using various combinations of classic risk factors and
newbiomarkers: (1) all classic risk factors in onemodel
(sex, systolic blood pressure, total cholesterol, high
density lipoprotein cholesterol, diabetes mellitus,
present or past smoking, and electrocardiogram
based left ventricular hypertrophy); (2) homocysteine
concentration and sex; (3) folic acid concentration and
sex; (4) C reactive protein concentration and sex; (5)
interleukin 6 concentration and sex; (6) homocysteine
concentrationplus all classic risk factors; and (7) all four
new biomarkers and sex. We entered each combina-
tion of risk factors simultaneously in a Cox propor-
tional hazards model, and, for each model, noted for
each participant the linear predictor score (X-β), which
represented their individual predicted risk of cardio-
vascular mortality during the 5 year follow-up period.
Weassignedparticipants toahigh, intermediate, or low
risk group on the basis of tertiles of the calculated X-β
values for each model.
We assessed the performance of the different

prediction models with three methods.45 First, the
tertiles of Framingham risk scoreswere comparedwith
the observed 5 year cardiovascular mortality using

Kaplan-Meier plots and the log rank test.Hazard ratios
with corresponding 95% confidence intervals (3rd
tertile versus 1st tertile as reference) were calculated
using Cox proportional hazard models. Second, using
the continuous risk scores from each model, receiver
operating characteristic curves with corresponding
areas under the curves (neutral value 0.50= risk
prediction by pure chance) and 95% confidence
intervals were constructed, using cardiovascular mor-
tality versus non-cardiovascular mortality or survival
as the outcome. Third, the prediction model based on
homocysteine concentration was compared with the
Framingham risk score by calculating, for each
method, the correctly classified number of partici-
pants—those in the high risk tertile who actually died
from cardiovascular causes during follow-up. Of the
participants who actually died, we calculated the net
percentage of participants who were wrongly assigned
to the intermediate or low risk group by the Framing-
ham risk score, but correctly assigned to the high risk
group by the model based on homocysteine concen-
tration, and we tested this percentage for significance
using McNemar’s test.46

Since the aimof the studywas to assess the predictive
performanceof the risk factors andbiomarkers, andnot
to investigate causes of disease, we made no adjust-
ments for potential confounders. To investigate the
validity of the results derived from the prediction
model based on homocysteine, the first two methods
were repeated using cross validated X-β values
obtained by the jackknife method.47 We analysed
data with SPSS 12.0 for Windows (SPSS, Chicago, IL,
USA). The reporting of this observational study
followed guidelines from the STROBE statement.48

RESULTS

The table summarises the baseline characteristics and
cardiovascular risk factors of the 302 participants with
nohistoryof cardiovascular disease.Themajoritywere
women, did not live in institutions, and performedwell
on themini-mental state examination. Participants’ self
reported quality of life was high. Of the 302 partici-
pants, 108 (36%) died during the 5-year follow-up
period; 35 (32%) of these deaths were caused by
cardiovascular disease.
Figure 1 shows 5-year cardiovascular mortality

depending on risk tertiles based on the Framingham
risk score. We found no differences in cardiovascular
mortality between the risk categories (risk ratio for high
v low risk category 1.2, 95% confidence interval 0.51 to
2.6). When the Framingham risk factors were entered
as separate variables in a Cox proportional hazard
model to create a prediction model calibrated for very
old people, three new risk categories were obtained,
but these categories also did not predict the observed5-
year cardiovascularmortality (fig 1; risk ratio for high v
low risk category 1.3, 95% confidence interval 0.57 to
2.7). Accuracy of the model did not improve when the
group was divided at different intervals (risk quartiles,
risk deciles) or after adjustment for use of anti-
hypertensive medication (data not shown).
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Figure 2 shows the performance of the sex adjusted
predictionmodelsbasedonhomocysteine, folic acid,C
reactive protein, and interleukin 6. Only the model
based on homocysteine resulted in significant differ-
ences between the risk categories (log rank test,
P=0.002); the high risk category had a 3.4-fold (95%
confidence interval 1.4 to 8.1) increased risk of
cardiovascular mortality compared with the low risk
category. This risk did not change after adjustment for
creatinin clearance. The high risk category in the
model based on folic acid had a 2.2-fold (1.0 to 5.0)
increased risk of cardiovascular mortality compared
with the low risk category. The model including both
homocysteineand folic acid (datanot shown in figure2)
showed no improvement of risk prediction beyond the
model with only homocysteine; the high risk category
had a 1.9-fold (1.2 to 2.9) increased risk of cardio-
vascular mortality compared with the low risk cate-
gory.

When the predictive value of the Framingham risk
score and the riskmodel based on homocysteine alone
were compared by receiver operating characteristic
curves (figure 3), the area under the curve for the
Framingham risk score was 0.53 (95% confidence
interval 0.42 to 0.63) and that for the homocysteine-
based model was 0.65 (0.55 to 0.75). For the new
model, using classic risk factors and calibrated for very
old people, the area under the curve was the same as
that for the Framingham risk score at 0.53 (0.43 to 0.64,
receiver operating characteristic curve not shown).
Combining the Framingham risk score and the model
based onhomocysteine did not increase discriminative
power (area under the curve 0.65, 95% confidence

interval 0.54 to 0.75), nor did the power increase for the
model based on a combination of all four new
biomarkers (areaunder the curve0.65, 95%confidence
interval 0.55 to 0.75, receiver operating characteristic
curve not shown).
Of the 35 participants who died from cardiovascular

disease during the 5 year follow-up period, the
Framingham risk score classified 12 participants in
the high risk tertile. According to the model based on
homocysteine, 20 of the 35 participants were classified
in the high risk tertile. Thus, compared with the
Framingham risk score, classification of risk on the
basis of homocysteine concentrations alone resulted in
a 23% increase in identification of individuals at high
risk (P=0.045).46

The performance of the model based on homo-
cysteine did not change after cross validation by the
jackknife method using data from the Leiden 85-plus
Study (risk ratio for high v low risk category 3.0, 95%
confidence interval 1.3 to 7.3; data not shown). Cross
validation did notmaterially change the discriminative
power of the homocysteine based model, as derived
from the receiver operating characteristic curve (area
under the curve 0.62, 95% confidence interval 0.52 to
0.73, receiver operating characteristic curve not
shown).

DISCUSSION

Principal findings

In the cohort of the Leiden 85-plus Study, cardio-
vascular mortality in people at the age of 85 with no
history of cardiovascular disease was not accurately

Baseline characteristics of participants with no history of

cardiovascular disease at age 85 years (n=302)

n (%) or median
(IQR)*

Sociodemographic and functional characteristics

Non-institutional living 255 (84)

Cognitive function (MMSE 0-30) 27 (23-28)

Subjective wellbeing (Cantrils’ ladder 0-10)† 8 (6-9)

Classic risk factors from Framingham risk score

Male gender 87 (29)

Systolic blood pressure (mmHg)‡ 154 (144-167)

Total cholesterol (mmol/L) 5.7 (5.0-6.5)

HDL cholesterol (mmol/L) 1.3 (1.1-1.6)

Diabetes mellitus 43 (14)

Current and/or past smoking 134 (44)

Left ventricular hypertrophy 27 (9)

New biomarkers

Homocysteine (μmol/l) 11.9 (9.7-14.7)

Folic acid (nmol/L) 12.4 (9.6-17.5)

C reactive protein (mg/l) 3 (1-7)

Interleukin 6 (pg/ml) 10 (0-61)

MMSE=mini-mental state examination; HDL=high density lipoprotein.

*Categorical data presented as number (percentage), continuous data as

median (interquartile range).

†n=284, missing data for 18 participants.

‡n=301, missing data for one participant.
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Fig 1 | Cumulative cardiovascular mortality depending on
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the basis of Framingham risk score, or newly calibrated risk

score from the Leiden 85-plus Study
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predicted by classic risk factors such as those included
in the Framingham risk score. By contrast, a single
measurement of homocysteine accurately identified
those at high risk of cardiovascular mortality. These
results suggest that in this age group, risk identification

for primary prevention of cardiovascular disease
should be based not on classic risk factors anymore,
but on plasma concentrations of homocysteine.
For decades the Framingham risk score has been

used to predict the 10 year risk of developing coronary
heart disease in people with no history of cardio-
vascular disease.49 Although it has certainly stood the
test of time for its original purpose, our study confirms
earlier findings of a fall in the predictive abilities of this
risk score in older populations.11 14 Therefore, the
finding of a more accurate measure of cardiovascular
disease risk is very relevant to this population.
The strong association between raised concentra-

tions of homocysteine and cardiovascular morbidity
and mortality has been recognised since 1969,50 and
has been repeatedly described in various
populations.29 31 36 51-53 We have shown that homocys-
teine, unlike the classic risk factors, remains a potent
predictor of risk in older people. Its predictive power
goes beyond that of classic risk factors, and is equally
robust without classic risk factors being included in the
model. These features have rarely been demonstrated
in new biomarkers for cardiovascular disease.54

By contrast, we were unable to confirm the associa-
tions found in younger age groups between cardio-
vascular disease and concentrations of C reactive
protein, interleukin 6, and folic acid.26 30 33 55 The
weakness of these markers of inflammation, specifi-
callyC reactive protein and interleukin 6, in predicting
cardiovascular mortality in the oldest people is in line
with findings of the largest prospective study dedicated
to C reactive protein and cardiovascular disease in
older people to date.56
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Strengths and weaknesses

Our study has several strengths. First, the Leiden 85-
plus Study is an observational, prospective study of
oldest people, in which 87% of the general population
participated and follow-up onmortality was complete.
These factors add to the external validity of our results.
Indeed, given that this age group is the fastest growing
segment of the general population in industrialised
societies, the findings of the present study might be
particularly important. Furthermore our study partici-
pants generally had good cognitive function, were
mainly not living in institutions, andwere satisfiedwith
their quality of life.57 Primary prevention of cardio-
vascular mortality in these very old people may
lengthen independent and contented living, and to
this end effective identification of individuals at high
risk is essential. Another strength of our study is the
consistency of the results across all statistical methods,
including a crossvalidation,which supports the validity
of our findings.45 46 58

Aweakness of our study couldbe the limitednumber
of new biomarkers that we selected to investigate.
Other biomarkers, as well as new imaging techniques
such as measurement of coronary artery calcium,59

might have predictive value equal to that of homo-
cysteine in this population. A second limitation of our
study is its relatively small size. Despite a high rate of
events (35/302, 12%), a type 2 error (failure to reject a
null hypothesis that is in fact false) cannot be ruled out.
We therefore recommend validation of our findings in
a larger cohort.Anotherpotentialweakness couldhave
been differential misclassification in causes of death,
especially in participants with known classic risk
factors.60 However, such inconsistencies would have
led to greater differences between risk tertiles based on
the Framingham risk score. Laboratory results for the
new biomarkers were not reported to clinicians, and
therefore any misclassification was independent of
these test results (non-differential misclassification).

Clinical implications and future research

We studied the best way to identify patients at high risk
(“true prediction”), not the causes that underlie the
observed associations. Hence, although homocysteine
accuratelypredicts cardiovascularmortality inveryold
age, we do not suggest that lowering homocysteinewill
be beneficial; in fact, so far this approach has been
shown to be ineffective.61-63 With regard to choosing
effective methods for primary prevention of cardio-
vascular disease, the role of statins needs to be
explored, since their beneficial effect in secondary
prevention in old age is evident.21 64 Since the under-
lying atherosclerotic process is unlikely to change with
age, statins could also be effective in primary preven-
tion, if the selection of patients at high risk is accurate.

Conclusions

In this study, a model based on homocysteine
concentration alone was a better predictor of cardio-
vascularmortality in very old peoplewith no history of
cardiovascular disease than were models based on
classic risk factors. These preliminary findings call for
validation in a separate cohort and, if confirmed, could
eventually lead to a revision of current guidelines and
corresponding indicators of quality of care.
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WHAT IS ALREADY KNOWN ON THIS SUBJECT

� The Framingham risk score, based on classic risk factors for cardiovascular disease, is still
frequently used to estimate risk in older people

� Thepredictivevalueof theseclassic risk factors,suchashypercholesterolemiaandsystolic
hypertension, weakens with age

� In the past four decades newbiomarkers havebeen identified that have clear associations
with incident cardiovascular disease

WHAT THIS STUDY ADDS

� In very old age, classic risk factors as included in the Framingham risk score no longer
predict 5 year cardiovascularmortality in people with no history of cardiovascular disease

� By contrast, a single homocysteine measurement could accurately identify older
individuals who are at high risk of cardiovascular mortality

� Plasma concentrations of homocysteine, rather than classic risk factors, could potentially
be used to select older people for primary preventive interventions

� These findings should be validated in a separate cohort
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