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Abstract This study compares the proportion of
the Brazilian adult population classified as be-
ing at high risk of cardiovascular disease (CVD)
based on six different CVD risk calculators in or-
der to assess the agreement across different tools.
A cross-sectional study was conducted using lab-
oratory data from the National Health Survey
(NHS). The prevalence rates of high 10-year risk
of CVD among individuals aged between 45 and
64 years were as follows: Brazilian Society of Car-
diology (BSC) global risk score (GRS) — 38.1%;
American College of Cardiology/American Heart
Association (ACC/AHA) score — 44.1%; Fram-
ingham Heart Study/GRS — 19.4%; European
Society of Cardiology SCORE — 14.6%; World
Health Organization/International Society of
Hypertension (WHO/ISH) score — 3.1%; and
Lim et al. — 2.5%. The CVD calculators showed
poor agreement for the identification of high-risk
individuals and a high level of agreement for the
identification of low/moderate risk individuals,
except for the ACC/AHA risk score. The findings
show that the proportion of individuals classified
as eligible for preventive drug therapy varies from
tool to tool, which could lead to the misinterpreta-
tion of risk, poor cost-effectiveness of therapy and
difficulty implementing public policies.
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Introduction

Cardiovascular diseases (CVD) were responsible
for approximately 18 million deaths in 2016, with
around 80% of CVD deaths occurring in middle
and low-income countries'. These diseases are
associated with poor socioeconomic conditions
(such as poverty and low income and educa-
tion levels*?), rapid urbanization, increased life
expectancy'?, behavioral risk factors (smoking,
drinking, poor diet, sedentarism) and metabolic
risk factors (obesity, high blood sugar, high blood
pressure, hyperlipidemia)'*. It is known that
combined overlapping risk factors (RFs) result in
an increased risk of CVD. The early detection of
individuals at high risk of CVD and timely treat-
ment is therefore a priority"*.

The World Health Organization (WHO) rec-
ommends a number of population-wide policy
interventions to encourage the primary preven-
tion of CVD, including regulatory measures such
as taxing tobacco, alcohol and ultra-processed
foods> and the creation of environments that
facilitate healthy lifestyles and empower individ-
uals and communities to make healthy choices®.
Also within the context of primary prevention —
defined in this case as prevention prior to a car-
diovascular event — the WHO recommends the
identification of high-risk individuals using risk
scores or calculators to estimate the combined
risk of CVD*.

The identification of high-risk individuals
permits the adoption of specific preventive mea-
sures (counseling and drug therapy), including
the prescription of statins* or drug therapy in
the prehypertension stage”®. Both these interven-
tions are aimed at preventing death and non-fatal
adverse cardiovascular events, particularly coro-
nary artery disease (CAD) and strokes, the two
leading causes of death in Brazil"®. CVD risk cal-
culators have therefore become important tools
for supporting public health actions, particularly
in primary health care services, and informing
decision-making about counseling and treat-
ment*. However, selecting which calculator to use
in Brazil remains a topic of debate, as an equation
derived from national cohort studies represent-
ing the country’s specific population characteris-
tics (racial composition, socioeconomic and geo-
graphic conditions, specific laboratory reference
values, etc.) does not yet exist, meaning that risk
estimations can often be inaccurate.

Current CVD risk calculators differ accord-
ing to the characteristics of the population from
which they were derived (sex, age group, race, etc.)

and the presence or absence of population-spe-
cific risk prevention measures, which vary over
time and depending on local health policies™.
Although calculators tend to include similar RFs,
the CVD risk weightings assigned to individual
factors and the 10-year CVD outcomes and how
they are adjudicated can vary from tool to tool™.
For example, some calculators only estimate the
risk of CVD death, while others include various
non-fatal cardiovascular events. In addition, each
calculator adopts its own threshold for high risk
of CVD, taking into account the above character-
istics and the risk authors consider acceptable for
the indication of statins based on the medicine’s
country-specific benefit-risk ratio’.

The objective of this study was therefore to
compare the proportion of the Brazilian popula-
tion at high risk of CVD estimated using differ-
ent risk calculators in order to assess the agree-
ment across different tools. The implications of
the findings for preventive interventions in high-
risk individuals and policy planning in Brazil are
then discussed.

Methods

We conducted a cross-sectional study using data
from the National Health Survey (NHS), a na-
tionwide study undertaken by the Brazilian Insti-
tute of Geography and Statistics (IBGE, acronym
in Portuguese) and Ministry of Health in 2013
and completed with a laboratory subsample in
2014 and 2015™.

We used a subsample consisting of 25% of
the census tracts selected for the 2013 NHS using
the same stratified sampling design as the survey,
applying probability inversely proportional to
the difficulty of data collection''. The following
three-stage cluster sampling design was used:
Stage 1 — selection of primary sampling units
(census tracts or composition of tracts); Stage 2 —
random selection of a fixed number (10 to 14) of
permanent private households from each census
tract; Stage 3 — random selection of one person
aged 18 years and over living in each household
from a list of eligible participants drawn up at the
time of the interview'. Based on the percentage
of the NHS census tracts used to undertake the
laboratory tests and a non-response rate of 20%,
the expected number of individuals with labora-
tory data was approximately 12,000". Biochemi-
cal tests were performed on 8,952 individuals in
Brazil as a whole. Further details about the se-
lection process'>?, aspects related to specimen



collection!?!?

, blood pressure measurement’s,
assessment of smoking and prior CVD''%, and
thresholds for estimating the proportion of the
population with diabetes’® and above-normal
cholesterol levels'*'"® can be found in previous
studies.

Individuals were classified as being at high or
low/moderate risk of CVD (hereafter called low
risk) using the following six calculators/scores:
1) The calculator recommended by the Brazilian
Society of Cardiology (BSC), based on the Fram-
ingham Heart Study-derived calculator plus oth-
er criteria detailed below; 2) The pooled cohort
equation, which was introduced by the American
College of Cardiology and American Heart Asso-
ciation (ACC/AHA) in 2013*°and uses data from
various cohort studies in the United States to de-
rive and validate new sex and age-specific equa-
tions; 3) The global risk score derived from the
2008 Framingham Heart Study (GRS-FHS)?; 4)
The SCORE calculator, proposed by the Europe-
an Society of Cardiology. Derived from various
European cohort studies, SCORE proposes two
estimation equations for coronary heart disease
and non-coronary cardiovascular disease calcu-
lated for high-risk (Eastern) and low-risk (West-
ern) regions of Europe. For the purposes of the
present study, we cautiously chose the equation
for high-risk regions, because we did not know
the risk of the Brazilian population?; 5) Coun-
try-specific risk charts developed by Lim et al.”
using simulation models®’; 6) The calculator
proposed by the WHO/International Society of
Hypertension (WHO/ISH) for 14 WHO epi-
demiological sub-regions. For the purposes of
this study, we selected the Americas sub-region
B, which includes Brazil** (Table 1). These cal-
culators were chosen because they are the most
commonly used tools in clinical practice or are
specific to the region in which Brazil is located.

It is important to note that age groups, vari-
ables, CVD outcomes, and thresholds for high-
risk of CVD differ from calculator to calculator,
as shown in Table 1.

With regard to the calculator recommended
by the BSCY, individuals are classified based on
an global risk score (GRS)* (high-risk thresh-
old of > 20% for men and > 10% for women) or
the presence of other variables: individuals with
chronic kidney disease (glomerular filtration rate
of <60ml/min and not on dialysis); individuals
with LDL cholesterol of > 190mg/dL; individu-
als with LDL cholesterol of > 70 to < 190mg/dL,
together with at least one other risk factor (men
aged > 48 years and women aged > 54 years, time

since diagnosis of diabetes > 10 years, smoker,
high blood pressure — systolic or diastolic pres-
sure > 140 and > 90mmHg, respectively); and
individuals with metabolic syndrome based on
International Diabetes Federation criteria®® (tri-
glycerides were replaced by total cholesterol due
to the lack data on the former)'>'. The BSC defi-
nition of high risk of CVD also includes individ-
uals with subclinical atherosclerosis, abdominal
aortic aneurysm, a family history (first degree
relative) of early-onset CVD, and albuminuria®.
These problems were not included in the analysis
due to lack of information on the conditions in
the PNS database.

With regard to statistical analysis, partici-
pants with known CVD were excluded from the
analysis because the calculators used in this study
also exclude these cases. To permit comparisons
across the different tools, an additional analysis
was performed of participants aged between 45
and 65 years, the age group covered by all the
calculators (n = 2,791). The risk estimation tools
with continuous results (SCORE, ACC/AHA) or
scores (GRS) were analyzed using a binary clas-
sification, where individuals above and below the
threshold were assigned a value of 1 for high risk
or 0 for low risk, respectively. The tools devel-
oped by Lim et al.”’, the WHO/ISH* and BSC"
calculate risks dichotomously. Agreement across
the calculators was assessed by comparing the
CVD risk classifications (prevalence of high and
low risk) using the percent of pairwise agreement
and the BSC calculator' as a reference. The BSC
calculator was used as a reference because it is the
tool recommended by national guidelines. The
percent agreement measures the proportion of
individuals at high or low risk of CVD based on
the calculator in question and on the BSC calcu-
lator.

The NHS was approved by the National Re-
search Ethics Committee’.

Results

Figure 1 shows the prevalence of high 10-year
risk of CVD for the population aged between
45 and 64 years using the threshold suggested by
each calculator. The calculator that showed the
highest prevalence rate was the ACC/AHA risk
score (44.1%; 95%CI, 41.7-46,5), followed by
BSC (38.1%; 95%CI, 35.8-40.4), GRS (19.4%;
95%CI, 17.5-21.4), SCORE (14.6%; 95%ClI,
12.9-16.4), WHO/ISH* (3.1%; 95%CI, 2.4-4),
and Lim et al.? (2.5%; 95%ClI, 1.8-3.3).
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Table 1. Characteristics of the cardiovascular disease risk calculators assessed by the study —age group, variables
used, 10-year CVD outcomes and high-risk thresholds.

CVD risk Age

Variables used 10-year outcomes Threshold
calculator group
ACC/AHA? 40-79  Age, sex, SBP, use of antihypertensive Fatal coronary disease, non- > 7.5%
drugs, TC, HDL-¢, DM, smoking fatal AMI and stroke
Framingham 30-74  Age, sex, SBP, use of antihypertensive Fatal and non-fatal >20%
(ERG)?! drugs, TC, HDL-c, DM, smoking cardiovascular disease
(coronary, cerebrovascular,
heart failure, intermittent
claudication)
GRS - 30-74  Same as the GRS or subclinical Fatal and non-fatal >10%
recommended atherosclerosis * or abdominal aortic cardiovascular disease women >
by the BSC" aneurysm or colesterol LDL-c > 190  (coronary, cerebrovascular, ~ 20% men;
mg/dL or chronic kidney diseases or heart failure, intermittent plus other
diabetes with LDL 70-190mg/dL and claudication) criteria
RS**; SCA ***
WHO/ISH24 40-79  Age, sex, SBP, TC, DM, smoking Fatal or non-fatal AMI or >20%
stroke
Lim et al.? 40-79  Age, sex, SBP, BMI, smoking Coronary disease or stroke >15%
(fatal)
SCORE (High-  45-64  Age, sex, SBP, TC, smoking Cardiovascular death >5%

Risk -TC) % (coronary, stroke,
arrhythmia, aortic aneurysm
or peripheral vascular
disease)

TC: total colesterol, DM: diabetes mellitus, HDL-c: high-density lipoprotein, AMI: acute myocardial infarction, SBP: systolic blood
pressure.

ACC/AHA- American College of Cardiology/American Heart Association? WHO/ISH — World Health Organization/International
Society of Hypertension?; Global risk score (GRS) recommended by the Brazilian Society of Cardiology (BSC)" — Framingham
Heart Study (GRS)?, European Society of Cardiology SCORE*.

*Although atherosclerosis is part of the score recommended by the BSC, subclinical atherosclerosis was not included due to lack of
data. **Stratified by risk: Age > 48 years for men and > 54 for women; time since diagnosis of diabetes > 10 years; family history (first
degree relative) of early-onset CVD (< 55 years for men and < 65 for women); smoking (at least one cigarette in the last month);
systemic hypertension; metabolic syndrome (MS), based on the International Diabetes Federation criteria; albuminuria > 30 mg/g
of creatinine and/or retinopathy; glomerular filtration rate < 60 mL/min. *** SCA: Subclinical atherosclerosis: Ultrasonography
with presence of carotid plaque > 1.5 mm; ABI < 0.9; coronary calcium score > 10 Agatston score; presence of atherosclerotic plaques
on coronary angiogram; LDL-c between 70 and 189 mg/dL, with global risk score of > 20% in men and > 10% in women.

Figure 2 shows the prevalence of high risk
of CVD using the same thresholds, but this time
with the different age groups covered by each
measure. The calculator that showed the highest
prevalence rate was once again the ACC/AHA risk
score (40-79 years — 39.4%; 95%ClI, 37.6-41.3),
followed by BSC (30-74 years — 28.8%; 95%ClI,
27.4-30.2), GRS (30-74 years — 14.7%; 95%CI
13.6-15.9) and SCORE (45-64 years — 14.6%,
95%CI 12.9-16.4); with Lim et al. and WHO/ISH
once again showing the lowest prevalence rates.

Table 2 shows the prevalence of high risk
of CVD together with the percent agreement
between each tool and the BSC calculator. The
calculator that showed the highest level of agree-
ment with the BSC calculator for prevalence of
high-risk of CVD was GRS (50.9%; 95%CI, 47.1-
54.7), which is to be expected given that GRS is
part of the BSC calculator’s estimation equation.
The findings also show that 43.5% (95%CI, 39.7-
47.3) of the high-risk individuals predicted by
the BSC calculator were considered high-risk by
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Figure 1. Proportion of the population aged between 45 and 64 years at high-risk of cardiovascular disease
(CVD) based on the different CVD risk calculators, Brazil. National Health Survey - 2013, 2014-2015.

the ACC/AHA risk score, compared to 29.4%
(95%CI 26-33.1) for SCORE and less than 10%
for WHO?* and Lim et al.”.

With regard to percent agreement for the
prevalence of low risk, the calculator that showed
the lowest level of agreement was the ACC/AHA
risk score. The findings show that 55.5% the low-
risk individuals predicted by the BSC calculator
were considered low-risk by the ACC/AHA risk
score. GRS showed 100% agreement with the
BSC calculator, which is to be expected consid-
ering that the latter uses the GRS, albeit with
lower thresholds and including other categories
in the definition of high-risk. The percent agree-
ment between SCORE and the BSC calculator
was 94.6% (95%CI, 92.8-95.9), while the level of
agreement between WHO and Lim et al.?» and
the BSC calculator was over 99%.

Discussion

In general, the CVD risk calculators assessed by
this study showed a low level of agreement with
the BSC calculator for detecting high risk of CVD
and a high level of agreement for identifying in-
dividuals at low risk of CVD, except the ACC/
AHA risk score. The findings also show that the
proportion of individuals classified as being at

high risk of CVD by these commonly used cal-
culators varied considerably, reaching up to 39%
of the population aged between 45 and 65 years.
This means that the proportion of individuals
eligible for preventive drug therapy varies from
tool to tool, which could lead to the misinterpre-
tation of risk, poor cost-effectiveness of therapy
and difficulty implementing public policies.

The low level of agreement for the identifica-
tion of high-risk individuals found by the present
study has been reported by previous studies. Us-
ing data from hypothetical patients and 24 cal-
culators, Allan et al.?® found poor agreement be-
tween pairs of tools (67%), highlighting the need
to calibrate calculators to specific populations
to ensure the effective implementation of clini-
cal guidelines on preventive drug therapy*. Risk
scores have been developed or calibrated mainly
for populations in the United States and Europe,
with a lack of studies in low and middle-income
countries, where socioeconomic factors such as
access to health care and racial and cultural char-
acteristics have a particularly strong impact on
risk of CVD™.

Other studies draw attention to the overesti-
mation of risk, especially by the ACC/AHA risk
score. In a prospective study with 4,000 male
patients in the United States, DeFilippis et al.*®
found that discordance between events predict-
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Figure 2. Proportion of the population at high-risk of cardiovascular disease (CVD) by the age groups and
thresholds adopted by the different CVD risk calculators, Brazil. National Health Survey - 2013, 2014-2015.

Table 2. Percent agreement across the six CVD risk calculators for the classification of individuals as high or low-
risk using the calculator recommended by the Brazilian Cardiology Society as a reference, Brazil. National Health

Survey 2014-2015.

CVD risk calculator ;")r(egillge;;oe) Agreemenz Oﬂ(}))r high-risk Agreemen(t (yf)c);r low-risk
BSC 38.1(35.8;40.4) reference reference
ACC/AHA 44.1(41.7;46.5) 43.5(39.7;47.3) 55.5(52.4;58.6)
GRS (FHS) 19.4(17.5;21.4) 50.9(47.1;54.7) 100(100;100)
WHO 3.1(2.4;4) 7.6(5.8;9.9) 99.7(99.3;99.8)
LIM 2.5(1.8;3.3) 5.8(4.2;7.9) 99.6(99.2;99.8)
SCORE 14.6(12.9;16.4) 29.4(26;33.1) 94.6(92.8;95.9)

Source: National Health Survey - 2013, 2014-2015.

ed using the Framingham Risk Score* and ACC/
AHA risk score” and observed events ranged
from 37 to 154%. The authors suggest that these
differences may be due mainly to: the use of old
cohorts to derive the risk scores — with probable
changes in population characteristics over time,
improvements in therapy and the identification
of new risk factors in recent years; difficulties in

assessing certain risk factors, such as the number
of cigarettes smoked and alcohol intake; or study
limitations affecting the identification of events.
In a study using a 1997-2001 to 2012 cohort of
patients aged 55 years and older without previ-
ous CVD living in Rotterdam, Kavousi et al.?’
observed an overestimation of risk, drawing at-
tention to the fact that almost all men and 65%



of women would be eligible for statins based on
the ACC/AHA risk score.

Within the Latin American context, the
findings of a study conducted in Honduras®, a
lower middle-income country, which calculated
the risk of CVD using four different calculators
showed that an elevated proportion of individ-
uals were high-risk. The prevalence of high-risk
men and women based on the ACC/AHA risk
score, GRS and MESA Risk Score was 62.0% and
29.8%, 46.1% and 15%, and 70.6% and 17.7%,
respectively®. The findings of a study'® undertak-
en with 2,183 individuals from different regions
of Peru assessing agreement between seven CVD
risk scores were similar to ours. Agreement be-
tween the scores was poor and the variation in
proportion of high-risk individuals was high:
29% (16.9-31.0%) based on the ACC/AHA risk
score to 0.6% (0.2-8.6%) using the WHO score.
The authors of this study'® concluded that there
is uncertainty as to the selection of an appropri-
ate CVD risk calculator in Peru and other low
and middle-income countries, which is corrobo-
rated by the findings of the present study.

As mentioned above, the low level of agree-
ment across scores for the identification of high-
risk individuals may be related to the different
CVD outcomes included in each score and the
underlying risk factors assigned to different pop-
ulations. In this respect, data supporting these
factors is more readily available in developed
countries due to the larger number and frequen-
cy of longitudinal studies. Other factors may
include changes in RFs and the behavior of the
population towards these factors over time, high-
lighting the need for prevalence and follow-up
studies using biochemical and anthropometric
data to measure trends'.

A meta-analysis highlighted the benefits of
statins for primary prevention, showing that they
reduce the risk of mortality from major cardio-
vascular events’. These findings, combined with
drug safety profiles and the reduced cost of these
medicines has resulted in more permissive cri-
teria for the indication of statins in some coun-
tries’. However, there are still divergences regard-
ing the definition of the threshold for high risk of
CVD in each score. This definition considers the
risk-benefit of statins’. Traditionally, the high-
risk threshold for the GRS has been set at >20%.
A new score proposed by the ACC/AHA in 2013%
considers only fatal and non-fatal acute myocar-
dial infarctions and strokes and reduces the risk
threshold to >7.5%?, thus increasing the propor-
tion of the population classified as being at high

risk of CVD. Some authors have criticized the
reduction of the threshold, claiming that it re-
sults in overmedicalization and additional costs
for certain countries, particularly those with
limited resources”. A cost-effectiveness analy-
sis conducted in Brazil®* suggests that the use of
moderate-dose statins is cost-effective for high-
risk patients, considering the GRS and threshold
of > 20%. However, it is not known whether the
same is true for more permissive thresholds. In
addition, consideration should be given to the
availability of financial resources for the large-
scale expansion of therapy.

Regardless of which calculator is used to cal-
culate the risk of CVD, it is important to empha-
size that CVD scores have limitations, in so far as
they generally assess 10-year risk — meaning they
may underestimate lifetime risk?® — and do not
include proximal risk factors such as socioeco-
nomic conditions® — which are related to access
to quality health care — and geographic location.
Moreover, they do not consider modifying fac-
tors that increase the risk of CVD — which should
be analyzed individually — such as family history
of early-onset CVD?, familial hypercholester-
olemia®, chronic kidney disease, inflammatory
diseases, and smoking®. Thus, for the proper ap-
plication of these tools in clinical practice, it is
important to carefully assess the real CVD risk
and individualize treatment. Moreover, although
the increase in risk of CVD due to RFs such as
diabetes and high blood pressure may be gradual
and can be reduced with treatment, some scores
assess this risk dichotomously, while others do
not include the treatment of these conditions as
variables in the risk prediction model®.

In the absence of a specific risk calculator for
the Brazilian population, we will have to use one
of the risk prediction tools cited above to calcu-
late risk of CVD and assess eligibility for prima-
ry prevention, as recommended by the WHO*
However, when selecting the risk calculator it is
important to be fully aware of the differences be-
tween the tools in terms of risk factors and CVD
outcomes and choose the appropriate high-risk
threshold. In addition, it is important to bear in
mind that agreement across tools for the iden-
tification of high-risk individuals is poor, while
the level of agreement for the assessment of low
risk is high — except for the AHA/ACC score,
which adopts more permissive criteria for the
use of statins by reducing the high-risk threshold
to >7.5%?". In other words, with the majority of
calculators, individuals identified as low-risk are
very likely to be at low-risk; however, in the case
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of individuals identified as being at high risk,
careful assessment is necessary before introduc-
ing drug therapy.

This study has some limitations. First, not
all the equations used by the calculators were
available and graph-based scores do not provide
continuous risk assessments. Second, compara-
bility may have been affected by differences in
the definitions of predictors and CVD outcomes
used in the scores assessed by this study, as shown
in Table 1. However, the aim of this study was to
compare the calculators precisely as they are, as
recommended in the Brazilian guidelines — i.e.
the tools applied in everyday clinical practice — in
order to show just how important it is to under-
stand the definitions used in the scores and each
risk assessment tool’s limitations. Moreover, we
believe that most health professionals that apply
the scores in clinical practice are not necessarily
aware of the technical details and modelling be-
hind the “high 10-year risk of CVD” label, poten-
tially resulting in the introduction of ineffective
drug therapy for the prevention of CVD.

While doubts about the identification of in-
dividuals who should receive drug therapy to
prevent CVD prevail in everyday clinical prac-
tice, non-pharmacological interventions — which
encourage the adoption of healthy lifestyle habits
such as stopping smoking, healthy eating, regu-
lar physical exercise and reducing alcohol intake
— and population-wide interventions, regardless
of individual baseline risk, should be implement-
ed on a large scale to reduce CVD morbidity and
mortality**. With regard to specific preventive
measures directed at high-risk populations, there

is an urgent need to develop a Brazilian CVD
risk calculator derived from data from national
cohort studies or validate international calcula-
tors that correctly identify high-risk individuals
to ensure effective treatment and inform policy
planning. It is also important to advance efforts
to define reference values for laboratory tests in
Brazil based on nationwide studies taking into
account ethnic diversity and local social and cul-
tural characteristics, establishing recommended
ranges as proposed by the NHS laboratory®.

Conclusion

This study analyzed the proportion of individ-
uals from a representative subsample of Bra-
zil’s National Health Survey classified as being
at high-risk of CVD based on six different risk
scores. Using the score recommended by the
Brazilian Society of Cardiology as a reference, in
general, the other CVD risk calculators assessed
by this study showed low sensitivity and high
specificity for the identification of high-risk in-
dividuals. In addition, these scores, currently the
most commonly used CVD risk assessment tools,
showed a wide variation in the proportion of in-
dividuals classified as being at high risk of CVD.
In the absence of a specific risk calculator derived
from national cohort studies or validated for use
with the Brazilian population, the generalization
of risk equations and definition of thresholds
for drug therapy should be rediscussed for each
context considering the cost-effectiveness of the
recommendations.
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