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Abstract
Background: Cardiovascular risk estimation in people over 70 years is problematic. Most scores have
been derived from cohorts of middle-aged people, with older persons under-represented. The predictive
power of classical cardiovascular risk factors reduce with age. The aim is to develop a speci�c score for
the elderly population

Methods: Population-based cohort established in 1995. Setting: Three geographical areas of Spain
(Madrid, Ávila and Lugo). Participants: 3,729 people older than 64 years, free of any cardiovascular
diseases (CVD), at baseline. Measurements: Suspected fatal and nonfatal CVD (both coronary heart
disease and stroke) were yearly investigated and con�rmed using the WHO-MONICA criteria. All
participants were followed until the occurrence of the �rst CVD event, until death or until December 31th
2015 if alive.

Results: Age was the strongest predictor of 10-year CVD both in men and women. In men, variables
associated to CVD were high blood pressure treatment (HR: 1,35; 95% CI: 1,067 , 1,710), diabetes (HR:
1,359; 95% CI: 0,997 , 1,852) and smoking (HR:1,207; 95%CI: 0,945 , 1,541), and in women smoking (HR:
1,881 95%CI: 1,356 , 2,609) and diabetes (HR:1,285; 95%CI:0,967 , 1,707). Total-cholesterol did not
increased the risk of CVD either in males or females. However, total-cholesterol level (>200mg/dl) were
negatively associated both in men and women.

Conclusions: In old Spanish men, 10-year total CVD is signi�cantly increased by age, diabetes and
antihypertensive treatment, and in old women by diabetes and smoking. Total-cholesterol levels did not
increased the risk of CVD either in males or females.

Background
Currently, several Cardiovascular Disease (CVD) risk charts are available, but the majority have been
developed from middle-aged populations with few individuals older than 70 years represented [1, 2]. In
addition the existing scores have several limitations for their use in the elderly, because usually do not
consider the effect of cardiovascular risk factors (CVRF) treatment [3] or frailty, both important
determinants of CVD in older persons, and therefore can wrong estimate the actual CVD risk [4, 5]. For
example, the European Score concentrates mainly on the middle-aged group, and recommends it use in
the range of 40 to 65 years [1].

Moreover, observational studies in the elderly have shown that risk estimation in people older than
70 years is problematic because the predictive power of CVRF is reduced with age. The Leiden 85-plus
study showed that Framingham score is not useful for people older than 70, because of its low
discrimination power [6].

Also, several studies have reported that the association of hypertension and mortality is attenuated in
older adults, and therefore age might be a poor determinant of hypertension and CVD in the elderly [7–
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10]. Measures of frailty and functioning may however identify better old persons at risk for the adverse
consequences of hypertension. They found that SBP is associated with an increased risk of mortality in
elders with reduced walking speed [11]. In addition, some classical CVRF as total-cholesterol (TC) become
nebulous, or even act in the reverse direction, at older ages [12]. Thus, a more adequate assessment of
CVD risk in the old and very old is desirable in order to target and optimize prevention and treatment.

The aim of this study is to determine the major predictors for total CVD risk in the Spanish elderly, and to
develop speci�c CVD risk charts for this age-group.

Methods
The EPICARDIAN is a multicenter, population-based, cohort study in people 65 years and older from three
geographical areas of Spain: Madrid city, Arévalo county (Ávila province) and Begonte county (Lugo
province). Study design and methods have been previously published elsewhere [13, 14]. In summary a
total of 3,729 individuals older than 64 years participated in the baseline examination. Two hundred �fty
�ve cases (6.8%) shown overt clinical CVD at baseline. Only individuals free of CVD at baseline were
included in the analyses. Therefore the inception cohort was composed by 3,474 individuals (1,462 men
and 2,012 women). All participants were followed until the occurrence of �rst cardiovascular event, death
or 10-years if alive.

Variables measured at baseline and included in the risk function were age, sex, SBP, smoking, total-
cholesterol, fasting glucose, medical diagnosis of hypertension, hypercholesterolemia, diabetes mellitus,
and speci�c drug treatment for these conditions. Serum total-cholesterol was determined by enzymatic
method [15]. LDL-cholesterol was not estimated in the cohort because only a small proportion of
participants had HDL-cholesterol values available. Plasma glucose was determined by the glucose-
oxidase method [16]. For the Cox regression analysis, variables were grouped using the Framingham risk
factor categories [17]: age was grouped in �ve-year categories starting from 65-69 years, SBP: in three
and TC: in four. Smoking was categorized as smokers (those who smoked at baseline or quitted smoking
less than 6 months), and non-smokers/ex-smokers the rest (table 1). Hypertension was de�ned if SBP
≥140 mmHg or DBP≥90 mmHg, or taking antihypertensive treatment [18]. Hypercholesterolemia if
TC≥5.1mmol/L or taking lipid-lowering treatment [15] and Diabetes if fasting plasma glucose
>7.0mmol/L, or taking antidiabetic treatment [19].

Information on CVD events in the inception cohort was annually seek from primary care and hospital
records, general practitioners, postal mail, and phone calls to the subject or relatives Date and cause of
death of deceased individuals in the cohort were con�rmed through the Spanish National Death Index
and the mortality registries of each health area.

The International Classi�cation of Diseases (ICD-9 and ICD-10), was used for registration of coronary
heart disease (ICD-9: 410-414, ICD-10: I20-I25) and other cardiovascular conditions (ICD-9: 797-799;
ICD10: I46, R96, R98, I50). Coronary events were con�rmed using the WHO-MONICA algorithm [20]. CVD
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outcome was de�ned as a composite of �rst coronary event (fatal or non-fatal de�nite Myocardial
Infarction (MI) and possible-fatal MI).

For description of the selected data, arithmetic mean with standard deviation (SD) was used when the
variables were continuous and relative frequency distribution when categorical. For comparison of
proportions, the Pearson´s chi-squared (χ2) test and the Sommer’s D were used in the case of ordinal
variables. For group comparison, the Student-Fisher t test was used in the case of independent binary
measures and analysis of variance for variables of more than 2 categories.

For the estimation of general risk function and multivariate analysis 10-year total (fatal and non-fatal)
CVD and competitive 10-year total mortality from non-CVD deaths.

Described independent variables were included in the multivariate models using the ENTER method. We
estimated separate models for males and females. In a �rst step we managed SBP and TC as continuous
variables in order to assess interactions between antihypertensive treatment and SBP values, and
between lipid lowering drug and TC levels.  In a second step SBP and TC were categorized. In the third
step the interactions were withdrawn. Finally in order to simplify the model, the variable lipid lowering
treatment was deleted because was not statistically signi�cant.

Bivariate and multivariate associations between each independent variable in the model and the outcome
were assessed. ß-coe�cient associated with each potential CVRF and the �rst ever recorded CVD event
were estimated by Cox regression analysis, separately for men and women. Ten-year Kaplan-Meier
functions for �rst fatal/non-fatal CVD events were derived to calculate the mean cumulative incidence.
The estimate of survival function was performed using the Cox method strati�ed by sex. Omnibus test
was used to validate the model (p<0.05). Sex-speci�c risk score sheets for prediction of fatal and non-
fatal CVD using categorical variables were developed from the β-coe�cients of Cox proportional hazards
models. The observed 10-year total CVD risk was categorized in low-risk (<20%), mild-risk (20-29%),
moderated-risk (30-39%), moderated-high risk (40-49%), high-risk (50-59%) and very-high risk (> 60%).

Results
The 3,474 participants contributed with 27,749 person-years of follow-up. At baseline 42.5% of the
sample had hypertension; 28.4% hypercholesterolemia, 11.5% diabetes mellitus, 11.9% smoked and 52%
were on antihypertensive treatment. Follow-up information was obtained in 3,474 persons (99.8%; 1,462
men and 2,012 women). There were a total of 1,340 deaths (38,6%) in the entire cohort during the follow-
up (702 deaths in men and 638 in women), with 457 fatal-CVD death (222 in men, and 235 in women). In
total were observed 768 CVD events (457 fatal-CVD events and 311 non-fatal CVD events. Table 1 shows
cardiovascular CVRFs and CVD events distribution by gender.

Table 2 shows multivariate Cox hazard models of 10-year average �rst fatal or non-fatal CVD for men
(panel A), and women (panel B). Age was the strongest predictor of CVD both in men and women. In men,
the stronger variables associated to CVD were: high blood pressure treatment (HR: 1,35; 95% CI: 1,067 ,



Page 5/10

1,710), diabetes (HR: 1,359; 95% CI: 0,997 , 1,852) and smoking (HR:1,207; 95%CI: 0,945 , 1,541). In
women the stronger variables associated to CVD were smoking (HR: 1,881 95%CI: 1,356 , 2,609) and
diabetes (HR:1,285; 95%CI:0,967 , 1,707).  The model showed a discriminative power (C-statistic) of 0.656
in men and 0.702 in women.

In a second step analysis we used age as a time-scale variable, rather than as a typical independent
variable. The Cox model signi�cantly improved for diabetes prediction. The HR of diabetes increased
from 1, 37 to 1, 48 in men; and from 1, 28 to 1, 34 in women (data not shown). HR of other variables
considered in the Cox model (serum total-cholesterol, smoking, SBP or antihypertensive treatment) did
not increase when age was handled as time-scale.

Table 3 shows the individual 10-year absolute cardiovascular risk speci�cally for smoker´s men (panel A)
and non-smoker´s men (panel B); Table 4 shows the corresponding values for smoker´s women (panel A)
and non-smoker´s women (panel B). This visual format facilitates the reading of 10-year individual
absolute total cardiovascular risk (fatal and non-fatal CVD) for each gender-smoking status, taking also
into account the antihypertensive treatment, diabetes status, age, TC and SBP level of each individual.   

Discussion
The EPICARDIAN-score is based on a large cohort of 3,474 old Spanish citizens. Previous scores as
Framingham and European SCORE are based on population recruited long time ago, before the 1980s,
when the percent of risk factors was lower at population level. In contrast the EPICARDIAN cohort was
assembled more recently and provides risk estimation for people treated with and without
antihypertensive and other cardiovascular drugs. The EPICARDIAN-score overcomes also the problem of
applying ß-coe�cients derived from studies in middle-aged populations to older persons, which may be
inadequate for risk estimation in the elderly.

Age is the strongest predictor of cardiovascular risk in older men and women. However, when using age
as a time-scale variable, rather than as a standard variable, the performance of Cox model improved,
particularly for women. For example, diabetes emerged as an independent predictor in women (in the
original model diabetes was borderline).

A different CVRF pattern was observed in males and females. In men, diabetes was the strongest
predictive factor, and high blood pressure treatment had a greater impact than in women. Smoking
shown also a signi�cant effect on CVD, but it was higher in women than in men. Similar to previous
studies [21, 22], the contribution of TC to CVD act in the reverse direction after the age of 70. The absence
of a positive predictive value for TC raises the concept that risk estimation in the elderly may warrant a
different approach than in middle-aged individuals, and con�rms the predictive power of certain classic
risk factors as hypercholesterolemia diminish with age.

Current charts used to predict CVD in old people mainly rely on calibrated risk function from the original
Framingham [23] and the European scores [24]. Important limitations of these scores are the small
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number of people older than 70 years, the occupational origin of some cohorts, and the consideration of
CVD mortality as the only main outcome in the predictive model. In contrast, the EPICARDIAN score
includes an important proportion of individuals older than 75 years, and provides total CVD risk, a more
comprehensive estimate of the individual total risk in a Mediterranean country as Spain, with low rates of
CHD. Moreover, previous European charts for the elderly do not include diabetes or, as the Framingham
algorithm, prediction is based on a small number of diabetic people (4%), not based on the current
International de�nition of diabetes. Finally, the EPICARDIAN-charts uniquely accounted for the use of
antihypertensive drugs, the most common treatment in older people, which allows solving a major gap in
previous risk assessment tools [25].

Recently, a new European SCORE system for old persons, SCORE-OP, has been published [26]. We applied
the SCORE-OP to our population, and found the 10-year average CVD risk was signi�cantly lower than the
obtained with the EPICARDIAN charts, both in men and women [27]. This is most probably due to the fact
that the mean age of the EPICARDIAN population is older, and the prevalence of diabetes and smoking
higher than in the cohorts included in the SCORE-OP, mainly coming from Northern and Central Europe.
Also, the two equations do not include exactly the same parameters. For instance the EPICARDIAN
equation includes hypertension treatment as a variable in the model, while the SCORE-OP includes c-HDL.
Finally we also have shown that the SCORE-OP identi�es fewer patients with 65 year and older, at high or
very high risk, than the original derived SCORE function for low-risk countries, as Spain [27].

The EPICARDIAN charts consider only the major CVRF. Other factors as family history of CVD, �brinogen
level, physical activity, waist circumference or C-reactive protein, can theoretically modulate the CVD risk
in the elderly. In contrast, as mentioned above the predictive value of classic risk factors, as
hypercholesterolemia or systolic hypertension, weakens with age [8, 21], and the absolute risk estimations
in some cells, particularly in those groups of older age with few individuals with very high levels of TC
and SBP could be less accurate because of this phenomenon.

Our study has also strengths, as a sample recruited from urban and rural settings, different geographical
locations, wide range of old ages, and large proportion of diabetic individuals. The EPICARDIAN cohort
provides the �rst prospective association between total CVD and several CVRFs for the elderly in Spain, a
country with low incidence of CVD. The EPICARDIAN system allows the direct estimation of total CVD risk
based on the background contemporaneous risk of the elderly population, rather than based in foreign
scores calibrated for low risk European population. Predictions based on these calibrations may not work
if a long time and a marked change in CVD mortality occurred between the risk score was derived and
applied to different populations.

Conclusions
Our results show the extent to which the effect of some speci�c CVRFs as cholesterol levels, maybe
assessed in the speci�c population to which they are going to be applied. It is expected that validation of
this risk score will be done in the future. The availability of information on CVRF treatment, particularly
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antihypertensive, is another strength of this study, and a useful information for clinicians to adjust the
estimated CVD risk in those patients already under antihypertensive treatment.

The EPICARDIAN score offers a novel estimation of total CVD risk incorporating the hypertensive
treatment to the risk calculation. CVD risk is signi�cantly increased by diabetes and antihypertensive
treatment in older men and by smoking in older women. The score is a practical tool for clinicians to
estimate the total individual CVD risk in Spanish older than 70 years.
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