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Introduction

Cardiovascular disease (CVD) is a major cause of 
morbidity and mortality and cause of 17.1 million deaths 
worldwide, which corresponds to 45% of deaths for 
chronic noncommunicable diseases.1 In Brazil, CVD is 
responsible for approximately 20% of deaths in people 
older than 30 years, and in 2015 it represented an 
estimated total cost of BR 37.1 billion.2,3

Therefore, CVD prevention is crucial in clinical 
practice, and identifying asymptomatic subjects at high 
risk is essential for an effective prevention.4,5 To meet 
this demand, cardiovascular risk assessment tools, 

and risk scores, including the Framingham risk score 
(FRS), have been the most widely used worldwide.6 
However, it is known that these tools have limitations 
and may overestimate the risk in certain populations, 
which prompted the development of other scores.7,8 
For example, the Systematic Coronary Risk Evaluation 
(SCORE), created based on the results of 12 European 
cohort studies, has been recommended since 2003 by 
the European CVD Prevention Directive.5 This score 
estimates the 10-year risk of fatal CVD relying on a model 
that encompasses countries with high and low incidence 
of CVDs (SCORE-High and SCORE-Low, respectively).8
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Abstract

Background: The prevention of cardiovascular disease (CVD) is important in clinical practice due to its high 
morbidity and mortality. Different guidelines have recommended the use of different cardiovascular risk assessment 
tools, which may have implications on therapeutic decisions.

Objective: To evaluate the agreement rate between the Framingham risk score (FRS) and the Systematic Coronary 
Risk Evaluation (SCORE) tool on CVD risk assessment in disease-free subjects. 

Methods: Cross-sectional study with a sample of 51 subjects treated at the outpatient clinic of a university hospital 
in Brazil between January 2014 and January 2015. The FRS and two versions of the European SCORE (SCORE-High 
and SCORE-Low) were used to assess CVD risk; patients were classified as low/moderate risk (< 20% and <5%, 
respectively) or high risk (≥ 20% and ≥5%, respectively). The agreement rate was evaluated using kappa statistics, 
a test for interrater reliability that ranges from -1 to 1, and results above 0.6 represent a high agreement rate.

Results: The FRS classified a higher proportion of subjects as high risk for CVD (35.3% [18/51] vs. 23.5% [12/51] with 
the SCORE-High and 13.7% [7/51] with SCORE-Low). However, there was a high agreement rate between FRS and 
SCORE-High (k=0.628). The agreement between FRS and SCORE-Low was poor (k=0.352).

Conclusions: There was a high agreement rate between FRS and SCORE-High in cardiovascular risk assessment in 
the study sample. (Int J Cardiovasc Sci. 2020; 33(6):618-626)
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household, classified as ‘low’ and ‘high’ in relation 
to the average of the population of the state of Santa 
Catarina, Brazil, in 2014 (BRL1,24511) – and education 
level, categorized into ‘low’ (from no education to 
elementary school) and ‘high’ (from some high school 
to college graduate).

The following clinical characteristics were evaluated 
– presence of systemic arterial hypertension (previous 
diagnosis and/or use of antihypertensive medication), 
type 1 and 2 diabetes mellitus (DM) (previous diagnosis 
and/or treatment), smoking habit (‘non-smoker’ and 
‘smoker’, i.e., current smokers or those who had 
stopped smoking less than two years before);12 and 
lipid profile – total cholesterol (TC) (mg/dL) and HDL 
cholesterol (HDL-c) (mg/dL) during the last 12 months 
(nine of the 51 participants had no recent lipid profile). 
In addition, weight (kg) and height were determined 
using an anthropometric scale, and systolic blood 
pressure (SBP) (mmHg) was measured in the upper 
limbs after five minutes of rest, in supine position, 
using an automatic oscillometric sphygmomanometer; 
the highest measure between both arms was considered 
for analysis. 13 Body mass index (BMI) was calculated, 
and a BMI ≥ 25 kg/m²and > 30 kg/m² considered 
overweight and obesity, respectively.14

Application of CVD risk scores

The FRS uses the variables gender, age, SBP, 
hypertension treatment, smoking habit, DM, HDL-c and 
TC for calculating the global 10-year CVD risk, using the 
online calculator available on the Framingham Heart 
Study website.15 According to this tool, subjects were 
classified as having low (<10%), moderate (10-20%) or 
high risk (> 20%).6

The SCORE, in turn, classifies individuals at low (<1%), 
moderate (≥1% and <5%), and high risk (≥5%) of having 
fatal CVD in 10 years, using the variables gender, age, 
SBP, TC, HDL-c and smoking status for its calculation.5 
The SCORE was calculated using the online calculator 
available on the HeartScore website, and both versions 
of the SCORE for high- and low-risk European countries 
were applied to the participants of our study.16

For participants with no recent lipid profile, risk 
calculation was performed using models in which 
lipid variables are replaced by BMI in both FRS and 
SCORE (Table 1).

In Brazil, the Brazilian Cardiovascular Prevention 
Guideline recommends the use of the 2008 FRS, which 
estimates the 10-year risk of global CVD.4,7 However, 
some studies indicate that there may be differences 
in risk stratification between the FRS and the SCORE, 
which could lead to different therapeutic approaches 
for the same patient, especially with regard to beginning 
treatment with hypolipidemic drugs.6,9,10

Given the need to identify asymptomatic subjects at 
high risk of developing CVD, and effects of using different 
scores on treatment decision making, the aim of this study 
was to assess the degree of agreement between the FRS and 
the SCORE in cardiovascular disease risk stratification of 
a disease-free population at a teaching hospital.

Methods

Study design

This was a cross-sectional, observational, descriptive 
and analytical pilot study. 

Population and sample

We interviewed 121 patients attending the internal 
medicine outpatient clinic of a university hospital in 
Southern Brazil, from January 2014 to January 2015. 
From this convenience sample, 51 patients of both 
sexes aged between 40 and 65 years (the widest age 
range common to both scores), without a diagnosis 
of CVD met the inclusion criteria. Patients with CVD 
and patients with incomplete data for risk score 
application were excluded. The study was approved by 
the human research ethics committee (project number 
1973.8713.8.0000.0121) (Annex IV) and conducted after 
the consent form was signed (Brazilian National Health 
Council Resolution 196/96/MS).

Study variables

Using a standard form, trained medical students 
collected participants' sociodemographic and clinical 
data by interview and by review of medical records.

The sociodemographic variables were age, gender, 
self-reported race (white and non-white), per capita 
family income – self-declared income in Brazilian 
reais divided by the number of residents of the same 
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Statistical analysis

Normality of the data was visually verified by analysis 
of histograms and no specific statistic test was needed for 
such evaluation. Continuous variables were described as 
mean and standard deviation, and categorical variables as 
proportion and absolute frequency. Risk strata were divided 
into low/moderate risk and high risk for comparison of 
sociodemographic and clinical variables. The proportion 
of individuals in each stratum was calculated with a 95% 
confidence interval (CI). Parametric and non-parametric 
statistics were used to complement the descriptive analysis 
and to identify the associations between the variables 
included in the scores and the high-risk stratum of the 
different tools studied. Unpaired Student's t test was 
used for analysis of continuous variables and Chi-square 
test or Fisher's test, when appropriate, for categorical 
variables, and a p value <0.05 was considered statistically 
significant. The agreement rate between risk scores was 
assessed by kappa statistics, a correlation statistic used to 
test for interrater reliability. It ranges from -1 to 1 and is 
interpreted as follows:17 <0, no level of agreement; 0-0.19, 
poor agreement; 0.20-0.39, weak agreement; 0.40-0.59, poor 

agreement; 0.60-0.79, high agreement; 0.80-0.99, almost 
perfect agreement; 1, perfect agreement. Analyses were 
performed using IBM's SPSS (Statistical Package for the 
Social Sciences) version 21.0 and OpenEpi version 3.01.18

Results

A total of 51 patients met the inclusion criteria, 
and Table 2 summarizes the sociodemographic and 
clinical characteristics of the sample. The proportion of 
hypertension was similar between genders {female and 
male [45.5% (15/33) vs. 50% (9/18), p = 0.96]}; however, 
a higher prevalence of DM was observed in men [44.4% 
(8/18) vs. 18.2% (6/33), p = 0.057].

According to the FRS, 35.3% [18/51 (95% CI = 23.15 
- 49.07)] of the participants had a high cardiovascular 
risk, whereas 23.5% [12/51 (95% CI = 13.42 - 36.57)] of 
the subjects were classified as having a high risk of fatal 
CVD in 10 years according to the SCORE-High. This value 
dropped to 13.7% [7/51 (95% CI = 6.21 - 25.27)] when the 
SCORE for low-risk European countries (SCORE-Low) 
was used (Graph 1).

Table 1 – Characteristics of 10-year cardiovascular risk stratification tools

Score
Location/Studies 

for tool derivation
Age Sex Variables Outcomes Risk

FRS, total CVD 
in 10 years: two 
versions used; 
FRS w/lipids 
& FRS by BMI 
(non-laboratory)

8,491 participants, 
city of Framingham, 

Massachusetts, 
USA, 12 years 

follow-up

30-74 
years

Male & 
female

Age, sex, SBP, treatment 
for SAH, TC, HDL-c, DM, 

smoker, BMI

Risk in 10 years for 
acute myocardial 

infarction, coronary 
insufficiency, angina 

pectoris, ischemic 
stroke, hemorrhagic 

stroke, peripheral 
arterial occlusive 

disease, heart failure

0-6% low; 
6-20% 

moderate; 
≥ 20% high 

risk

SCORE, fatal 
CVD in 10 years; 
2 models for 
countries with 
high & low 
incidence of 
CVD; 2 versions: 
SCORE with 
HDL-c & SCORE 
by IMC (non-
laboratory) 

205,178 participants 
of 12 prospective 

studies in 11 
European countries, 
2.7 million people/
year of follow-up

40-65 
years

Male & 
female

Age, sex, smoker, SBP, TC, 
HDL-c, BMI

10-year risk of fatal 
CVD, including CAD, 

arrhythmias, heart 
failure, stroke, aortic 
aneurysm & PAOD.

≤1% low; 
1-5% 

moderate; 
5-10% high 
risk; ≥10% 
very high 

risk

Source: Framingham Heart Study15, HeartScore®16, 2016 European Guidelines on cardiovascular disease prevention in clinical practice5

FRS: Framingham risk score; CVD: cardiovascular disease; BMI: body mass index; SBP: systolic blood pressure; SAH: systemic arterial hypertension; 
TC: total cholesterol; HDL-c: HDL cholesterol; DM: diabetes mellitus; PAOD: peripheral arterial occlusive disease; CAD: coronary artery disease
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A moderate agreement was observed between the 
FRS and SCORE-Low stratification (K = 0.516); however, 
when the same analysis was performed comparing the 
subgroups “low/ moderate risk” vs. “high risk”, these 
two scores showed poor agreement (K = 0.352). On the 

other hand, there was a high agreement between the 
FRS and the SCORE-High (K = 0.638), with similar 
results in the comparisons between the subgroups 
(K = 0.628). There was an excellent agreement between 
the two SCORE models (K = 0.807); however, this value 

Table 2 – Sociodemographic and clinical characteristics of 51 patients attending the internal medicine outpatient clinic 
of a university hospital, Florianopolis, Brazil, 2015

Variables Males (n=18) %[n] Females (n=33) %[n] Total (n=51) %[n]

Age 54.0 ± 6.6 52.0 ± 7.3 52.7 ± 7.1

Race

White 94.4 [17] 90.9 [30] 92.2 [47]

Non-white 5.6 [1] 9.1 [3] 7.8 [4]

Income

High 22.2 [4] 18.2 [6] 19.6 [10]

Low 72.2 [13] 78.8 [26] 76.5 [39]

Education

High 27.8 [5] 21.2 [7] 23.5 [12]

Low 72.2 [13] 78.8 [26] 76.5 [39]

SAH

Yes 50.0 [9] 45.5 [15] 47.1 [24]

No 50.0 [9] 54.5 [18] 52.9 [27]

DM

Yes 44.4 [8] 18.2 [6] 27.5 [14]

No 55.6 [10] 81.8 [27] 72.5 [37]

Smoker

Yes 22.2 [4] 12.1 [4] 15.7 [8]

No 77.8 [14] 87.9 [29] 84.3 [43]

Overweight/Obesity

Yes 77.8 [14] 78.8 [26] 78.4 [40]

No 22.2 [4] 21.2 [7] 21.6 [11]

SBP†‡ 143.8 ± 26.0 143.8 ± 25.4 143.8 ± 25.3

Total cholesterol†‡ 190.4 ± 51.7 207.1 ± 43.8 201.2 ± 46.8

HDL-c†‡ 45.3 ± 13.9 55.5 ± 15.3 51.9 ± 15.5

LDL-c†‡ 119.1 ± 40.7 127.8 ± 34.2 124.7 ± 36.4

Triglycerides†‡ 126.9 ± 98.0 116.1 ± 62.3 120.0 ± 75.9

Source: Marasciulo, 2018
* Values in square brackets indicate the absolute number of participants; † mean ± standard deviation; ‡ 9 participants had no recent lipid 
profile; SAH: systemic arterial hypertension; DM: diabetes mellitus; SBP: systolic blood pressure; HDL-c: High density lipoprotein cholesterol; 
LDL-c: low density lipoprotein cholesterol
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Graph 1 – Ten-year cardiovascular risk stratification in 51 patients attending the internal medicine outpatient clinic of a university 
hospital in Florianopolis, Brazil, from January 2014 to January 2015.

decreased when the comparison was made between the 
low/ moderate risk” vs. “high risk” subgroups, although 
a high agreement was maintained (K = 0.682).

Most patients in the high-risk category was men, 
white, hypertensive, non-smokers, overweight or obese in 
all scores used; there was a higher prevalence of diabetic 
patients in the FRS compared with the SCORE. In all tools, 
there was a statistically significant relationship between 
the high-risk stratum and the variables age and SBP. 
Participants in this category was older and had higher 
average SBP compared with individuals at low/moderate 
risk. In addition, SCORE-High and FRS also showed a 
significant relationship between the high-risk group and 
male participants, but only the FRS showed a significant 
relationship between this group and the presence of DM 
and SAH (Table 3).

When comparing the distribution of variables in the 
high-risk stratum of FRS versus the SCORE-High (which 
showed higher agreement according to kappa statistics), 
the p value ranged from 0.28 to >0.99 (Table 4).

Discussion

The FRS classified a higher proportion of subjects 
as at high risk for CVD compared with the SCORE 
(35.3% versus 23.5% by SCORE-High, and 13.7% by 
SCORE-Low), suggesting the tendency of this score 

to overestimate the risk in certain populations.7,8 
with possible implications in therapeutic decisions. 
When assessing the degree of agreement between the 
10-year cardiovascular risk stratification using these 
three tools, a high degree of agreement was observed 
between the FRS and the SCORE-High, both when 
comparing the three risk groups (low, moderate and 
high) and in the two groups “low/ moderate risk” vs. 
“high risk” (K = 0.638 and K = 0.628, respectively). 
When FRS was compared with the SCORE-Low, the 
degree of agreement was moderate (K = 0.516), but the 
result of the dichotomized (low/ moderate risk vs. high 
risk) analysis was poor (K = 0.352). 

The literature indicates poor to high degree of 
agreement between FRS and SCORE, and this variation 
is observed depending on where the comparison was 
performed and/or on the methodology used.7, 9, 10, 19, 20

In a Spanish study, there was poor agreement 
between the FRS version recommended by the Adult 
Treatment Panel III (ATP III) and the SCORE-Low,10, 

21 while a research in Germany showed moderate 
agreement between an older version of the FRS (1991) 
and both SCORE models (High and Low).7 In an Iranian 
study using a different methodology for assessing 
the degree of agreement, the result was similar (high 
agreement between FRS vs. SCORE-High) when 
compared to the present series.9
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Table 3 - Distribution of variables for cardiovascular disease risk stratification according to the Framingham risk score 
and the SCORE-High/Low in 51 patients attending the internal medicine outpatient clinic of a university hospital in 
Florianopolis, Brazil, 2015

Framingham SCORE-high SCORE-low

Variables
High risk

 [n=18]

Moderate/ 
low risk
 [n=33]

p
High risk

 [n=12]

Moderate/ 
low risk
 [n=39]

p
High risk

 [n=7]

Moderate/ 
low risk
 [n=44]

p

Age† 57.9 ± 4.7 49.9 ± 6.6 .000 58.2 ± 6.2 51 ± 6.5 .002 59 ± 6.8 51.7 ± 6.7 .01

Male sex 61.1 [11] 21.2 [7] .011 66.7 [8] 25.6 [10] .015‡ 57.1 [4] 31.8 [14] .226‡

White 100 [18] 87.9 [29] .284‡ 100 [12] 89.7 [35] .561‡ 100 [7] 90.9 [40] 1.0‡

SAH 77.8 [14] 30.3 [10] .003 66.7 [8] 41.0 [16] .220 71.4 [5] 43.2 [19] .232‡

DM 55.6 [10] 12.1 [4] .002‡ 41.7 [5] 23.1 [9] .272‡ 42.9 [3] 25.0 [11] .376‡

Smoker 11.1 [2] 18.2 [6] .696‡ 25 [3] 12.8 [5] .372‡ 14.3 [1] 15.9 [7] 1.0‡

SBP† 161.2 ± 28.9 134.4 ± 17.4 .002 167.9 ± 32.3 136.5 ± 17.5 .007 174.3 ± 24.9 139.0 ± 22.1 .000

High BMI 94.4 [17] 69.7 [23] .072‡ 91.7 [11] 74.4 [29] .422‡ 100 [7] 75 [33] .323‡

Total 
cholesterol†§

204.3 ± 52.8 199.5 ± 44.3 .752 230.6 ± 67.4 192 ± 33.8 .120 248.9 ± 72.4 191.7 ± 34.1 .083

HDL-c†§ 47.1 ± 14.2 54.5 ± 15.8 .140 49.5 ± 16.7 52.6 ± 15.3 .582 53.1 ± 18.9 51.7 ± 15.1 .820

Source: Marasciulo, 2018
* Values in square brackets indicate the absolute number of participants; † mean ± standard deviation; ‡ Fisher's test was more appropriate for these 
analyses; § 9 participants had no recent lipid profile; SAH: systemic arterial hypertension; DM: diabetes mellitus; SBP: systolic blood pressure; BMI: 
body mass index; HDL-c: HDL cholesterol

In Brazil, in a population of HIV-positive patients, 
there was poor to moderate agreement between the 
models, and poor agreement in women who survived 
breast cancer. However, no studies comparing the 2008 
FRS with the SCORE model was found.19,20 

Given the findings from this series, in accordance 
with previous studies,7,9,10 it can be inferred that we may 
use both the FRS 2008 and the SCORE-High to stratify 
cardiovascular risk, without this meaning the need to 
adopt different therapeutic measures.

The comparison of the FRS' and SCORE-High's high-
risk groups (Table 4) corroborates that these two models 
are similar in terms risk stratification, since there was no 
statistically significant difference in the distribution of 
the variables analyzed between the tools, indicating that 
both groups had a similar composition.

The degree of agreement between SCORE-High and 
SCORE-Low ranged from excellent (K = 0.807) to high (K 
= 0.682) – the latter being obtained from the dichotomized 
risk classification – as these two models were derived 
from the same cohorts.8

It is important to mention that although the FRS and the 
SCORE assess different cardiovascular outcomes – risk of 
global CVD and fatal CVD, respectively – we believe that 
the comparison between both instruments is valid, since 
they both stratify patients at low, moderate or high risk.4,6,8 
In addition, the equivalence of risk estimates is mentioned 
in the literature; the values obtained by the SCORE 
stratification, when multiplied by three for men and by 
four for women, are equivalent to the FRS stratification.5,9

In many European countries, cardiovascular mortality 
data are easy to obtain, allowing SCORE calculators to be 
calibrated according to the cardiovascular mortality in each 
country, regardless of existing cohort studies to validate the 
risk stratification tools.8 When comparing the results of the 
FRS and the SCORE in the studied sample, we observed 
a risk pattern similar to that of European countries with 
high cardiovascular risk. Therefore, it is possible to adjust 
these calculators to the Brazilian population, since there 
are no calibrated scores for this population so far, despite 
indicators of cardiovascular mortality comparable to those 
of countries of the SCORE-High group.2,22

623
Marasciulo et al. 

Reliability and cardiovascular risk assessment

Int J Cardiovasc Sci. 2020; 33(6):618-626

Original Article



Table 4 - Distribution of variables in the high-risk stratum: Framingham risk vs. SCORE-High in patients attending a 
teaching hospital, Florianopolis, Brazil, 2015

Variables
Framingham

 [n=18]
SCORE-High

 [n=12]
p

Age† 57.9 ± 4.7 58.1 ± 6.2 0.62

Sex

Male 61.1 [11] 66.7 [8] >0.99‡

Female 38.9 [7] 33.3 [4]

Race

White 100 [18] 100 [12] §

Nonwhite 0.0 [0] 0.0 [0]

SAH

Yes 77.8 [14] 66.7 [8] 0.79‡

No 22.2 [4] 33.3 [4]

DM

Yes 55.6 [10] 41.7 [5] 0.46

No 44.4 [8] 58.3 [7]

Smoker

Yes 11.1 [2] 25 [3] 0.61‡

No 88.9 [16] 75 [9]

Overweight/Obesity

Yes 94.4 [17] 91.7 [11] >0.99‡

No 5.6 [1] 8.3 [1]

SBP† 161.1 ± 28.8 167.9 ± 32.3 0.6

Total cholesterol† 204.3 ± 52.7// 230.6 ± 69.3¶ 0.28

HDL-c† 47.1 ± 14.2// 49.5 ± 16.6¶ 0.73

Source: Marasciulo, 2018
* Values in square brackets indicate the absolute number of participants; † mean ± standard deviation; ‡ Fisher's test was more appropriate for these analyses; 
§ could not perform the analysis; // three participants had no recent lipid profile; ¶ two participants had no recent lipid profile; FRS: Framingham risk score; 
SAH: systemic arterial hypertension; DM: diabetes mellitus; SBP: systolic blood pressure; HDL-c: HDL cholesterol

However, the comparison of the high risk versus low/
moderate risk stratum showed that when using the FRS 
assessment, a greater number of traditional cardiovascular 
risk factors had a statistically significant relationship with 
the high-risk stratum (Table 3). Higher mean age and SBP, 
and male sex were related to the SCORE-High, and in the 
FRS, in addition to these variables, hypertension and DM 
were also present in the high-risk group. This suggests 
that the FRS is a more appropriate risk stratification score 
to the population studied, since a statistically significant 
relationship was indeed expected between the traditional 

cardiovascular risk variables (age, male sex, hypertension, 
DM, dyslipidemia, and smoking) and the high-risk group.6 
However, this may be a result of the non-inclusion of DM 
in the SCORE models and also of the sample's low power.

The prevalence of individuals classified as at high 
cardiovascular risk by both FRS and SCORE was higher 
in our study (35.3% and 25.3%, respectively) compared 
to the literature, which reported a prevalence ranging 
from 1.9 to 15.1%, depending on the instrument used and 
the group of patients analyzed.10,19,23 This result can be 
explained by the characteristics of the sample, composed 
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of patients attending a tertiary university hospital, which 
treats patients with more complex needs.24 In addition, 
the high prevalence of the cardiovascular risk factors25-27 – 
hypertension (47.1%), DM (27.5%) – as well as overweight 
and obesity (78.5%) which was higher than that observed 
in the Brazilian (18.9%) and North American (33.8%) 
populations,28,29 in the sample may also have influenced 
this result.

The inclusion of diabetic patients in the study can 
be considered a limitation, since according to the 
Brazilian and European guidelines, these patients are 
already considered at high cardiovascular risk.4,5 The 
main objective of this study, however, was to compare 
other risk stratification models than those proposed by 
the guidelines; this motivated the inclusion of diabetic 
participants, since the FRS includes diabetes in its 
regression model, although the SCORE does not consider 
this variable (as this information was not consistently 
collected in the cohorts used in its development).6,8 In 
addition, the sample size and composition can be seen 
as limitations, as a small number of participants and the 
convenience sampling make it difficult to extrapolate these 
results to the general population.

Considering the characteristics of the cardiovascular 
risk assessment tools studied, we understand the 
repercussions of the use of these tools in clinical practice. 
On the other hand, further studies are needed to validate 
cardiovascular risk scores in the Brazilian population.

Conclusion

In the study population, a higher number of patients 
were classified in the high cardiovascular risk group 
according to the FRS compared with European models. 
However, there was a high agreement between the FRS and 
the SCORE-high regarding risk stratification, although the 

agreement between the FRS and the SCORE-low ranged 
from moderate to poor.
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