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Total Cardiovascular Risk Assessment and Management Using
Two Prediction Tools, with and without Blood Cholesterol

Porfirio Nordet MD, Shanthi Mendis MD, Alfredo Duefias MD, Reinaldo de la Noval MD, Nurys Armas MD,

Ismael L. de la Noval MD, Hilda Pupo MD

ABSTRACT

INTRODUCTION Over the last decade, total cardiovascular risk
assessment and management has been recommended by cardio-
vascular prevention guidelines in most high-income countries and
by WHO. Cardiovascular risk prediction charts have been developed
based on multivariate equations of values of some well-known risk
factors such as age, sex, smoking, systolic blood pressure and diabe-
tes, including or omitting total blood cholesterol.

OBJECTIVE The objectives of this study were: to determine the dis-
tribution of cardiovascular risk in a Cuban population using the WHO/
International Society of Hypertension risk prediction charts with and
without cholesterol; and to assess applicability of the risk prediction
tool without cholesterol in a middle-income country, by evaluating
concordance between the two approaches and comparing projected
drug requirements resulting from each (at risk thresholds of 220% and
230%) and for the single-risk-factor approach.

METHODS From April through December 2008, a cross-sectional
study was conducted in 1287 persons (85.8% of the sample select-
ed), aged 40-80 years living in a polyclinic catchment area of Havana,
Cuba, based on the protocol and data from a WHO multinational
study. The study used the two sets of the WHO and the International
Society of Hypertension (WHO/ISH) risk prediction charts, with and

INTRODUCTION

Cardiovascular disease (CVD) remains the main cause of death
worldwide. In 2008, over 17 million people died from CVD (29% of
all deaths); near 80% occurred in low- and middle-income coun-
tries (LMIC), often in people aged <60 years.[1,2] CVD deaths are
mainly due to myocardial infarction, stroke, and cardiac failure,
caused by one or more major CVD risk factors, including smok-
ing, hypertension, hypercholesterolemia and diabetes.[1-5]

In 2008, Cuba was among the countries with moderate age-
standardized death rates and disability-adjusted life years lost
(DALYs) from CVD and stroke in both sexes.[1,5] In 2011 CVD
was responsible for 33,755 deaths, 36.4% of all deaths, with a
mortality rate of 306.9 per 100,000 population.[6]

CVD has markedly decreased in many developed countries in
the last 30 years, through population-wide measures and risk-
factor management.[1,2,7] Prevention of major CVDs, particularly
myocardial infarction and stroke, has been advocated for several
years through intervention targeting individuals with one or more
major CVD risk factors.[2] This approach may leave patients at
high risk of a cardiovascular event due to suboptimal control; for
example, even with medication for risk factors such as high blood
pressure or cholesterol, levels may remain high, and patients may
be unaware of abnormal levels of one or more risk factors.[2]

For over a decade, total risk assessment and management (a
risk assessment taking into account all known major risk factors)

without cholesterol. Percentages and means were calculated, as well
as prevalence (%) of risk factors. The chi-square test was used to
compare means (p <0.05). Concordance between the two prediction
charts was calculated for different risk levels, using the chart with cho-
lesterol as a reference.

RESULTS Using the risk assessment tools with and without choles-
terol, 97.1% and 95.4% respectively of the study population were in
the ten-year cardiovascular risk category of <20%, while 2.9% and
4.6% respectively were in the category of 220%. Risk categories were
concordant in 88.1% of the population; overestimation was higher
among the nonconcordant (136/153). When risk assessment did not
include cholesterol, there was 2.6% (34/1287) overestimation of drug
requirements and 0.5% (6/1287) underestimation, compared to esti-
mates including cholesterol.

CONCLUSION Total cardiovascular risk assessment using the WHO/
ISH charts without cholesterol could be a useful approach to predict
cardiovascular risk in settings where cholesterol cannot be measured.
This does not introduce overconsumption of drugs, but does enable
better targeting of resources to those who are more likely to develop
cardiovascular disease.

KEYWORDS Cardiology, risk assessment, health risk appraisal,
hypertension, health policy, cost savings, atherosclerosis, Cuba

[8] has been recommended by cardiovascular prevention guides
in most high-income countries, based on cardiovascular risk pre-
diction scores or charts derived from various sources in those
countries.[9-19] These risk prediction tools have been based on
values of the following variables: age, gender, cigarette smok-
ing, systolic blood pressure, total cholesterol alone or plus HDL
cholesterol, and diabetes. They are generally developed using
multivariate risk prediction equations derived from large prospec-
tive cohort studies or population-based observational risk-factor
and outcome (myocardial infarction and stroke) data analyzed
longitudinally. They require specific calibration to be used in oth-
er populations.[2,15,16] In 2008, Gaziano and D’Agostino both
reported non-laboratory-based risk prediction charts and score
sheets adding body mass index (BMI), instead of total and HDL
cholesterol, to the other factors analyzed.[17,18]

In 2007, WHO and the International Society of Hypertension
(ISH) released two sets of CVD risk prediction charts for each of
the 14 WHO epidemiologic subregions: one for settings where
blood cholesterol can be measured and the other for those where
it cannot.[2,19,20] Both sets incorporate age, gender, smoking,
blood pressure and diabetes. Both also use standardized data
on risk factor prevalence and relative risk for heart attack and
stroke from each of the 14 specific WHO epidemiologic subre-
gions, from the Comparative Risk Assessment Project conducted
by the WHO.[21] Absolute risk of cardiovascular event was deter-
mined by scaling individual relative risk to population incidence
rates of major CVDs, estimated from the global burden of disease
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study.[2,22] These charts are based on multivariate risk predic-
tion equations and were designed to enable cardiovascular risk
assessment and prediction in LMIC populations of each WHO
subregion.[2]

Physicians can use these charts to tailor treatment strategies
based on patients’ predicted risk categories. In general, guide-
lines do not recommend the use of drugs for persons with CVD
risk <20%; rather, conservative management focusing on life-
style interventions addressing smoking and alcohol use, diet
and physical activity. Guidelines recommend drug therapy for
persons with a CVD risk threshold =220%, if affordable to coun-
tries. Drug therapy (generic antihypertensives, diuretics and
lipid-lowering medications) is also recommended for persons
with persistent elevated blood pressure (=160/100 mmHg) and/
or total cholesterol 28 mmol/L, or based on the physician’s clini-
cal judgment.[2,20]

CVD morbidity and mortality have progressively increased in
LMICs.[1,2,23] A combination of population-wide lifestyle inter-
ventions and a total-risk approach targeting high-risk groups is
required for cost-effective CVD prevention and control.[2,4,24]
Many people are unaware of their risk status; opportunistic and
other forms of screening by health care providers are therefore
also potentially useful in addressing CVD risk.

Many low-resource settings, particularly in LMICs, have health
centers without facilities for cholesterol testing but able to test
urine and blood glucose to screen for diabetes.[25] Risk predic-
tion tools that do not include cholesterol would be useful to provid-
ers in such settings for early detection of persons at high risk who
require more specific diagnostic tests, avoiding unnecessary tests
for those at low CVD risk. That is, these tools could enable better
targeting of limited resources in such settings towards those who
are at higher CVD risk.[2,17,18,20]

In 2011, WHO published a multicountry study using the WHO/
ISH risk prediction charts with cholesterol to determine population
distribution of total cardiovascular risk and compare the result-
ing projected costs of drug treatment in eight LMICs. Cuba was
one of the participating countries.[19] In this study, we applied the
WHO/ISH risk prediction charts for the WHO America A subregion
(Canada, Cuba and USA)[7,20] with and without cholesterol to
the same cross-sectional population sample in Havana, Cuba as
in the WHO multicountry study.

The objectives of this study were to determine the distribution of
CVD risk in a Cuban population, using the WHO/ISH risk pre-
diction charts with and without cholesterol, and to assess the
applicability of the risk prediction tool without cholesterol in a
middle-income country, by evaluating concordance between the
two approaches and comparing drug requirements resulting from
each, at risk thresholds of 220% and 230%, and for the single-
risk-factor approach.

METHODS

The study analyzed data from 1287 individuals in the Corynthia Poly-
clinic catchment area of Plaza Municipality, Havana, for the previ-
ously-mentioned WHO multicountry cross-sectional study. Detailed
procedures for sampling, population recruitment and variable mea-
surement, as well as forms used, have been published.[19,26]

The two sets of WHO/ISH risk prediction charts for Americas
Region A, with and without cholesterol, were used to classify
cardiovascular risk.[2,20] Both sets use age (40-49, 50-59,
60-69 and =70 years), sex (male, female), smoking (no, yes,
ex-smoker <12 months), systolic blood pressure (<140 mmHg;
140-160 mmHg, 160-180 mmHg and =180 mmHg), and pres-
ence or absence of diabetes (defined by fasting blood glucose =7
mmol/L) to grade cardiovascular risk. The chart developed for set-
tings where blood cholesterol can be measured also uses blood
cholesterol (total cholesterol in five categories: <56 mmol/L, 5 to <6
mmol/L, 6 to <7 mmol/L, 7-<8 mmol/L and =28 mmol/L).

The charts provide evidence-based recommendations on specific
preventive actions (behavioral or pharmacologic) to initiate and at
what intensity, categorizing the population by risk of developing a
fatal or nonfatal severe CVD event (acute myocardial infarction
and/or stroke) in the next 10 years: <10%; 10-19.9%; 20-29.9%;
30-39.9%; and 240%.[2,19,20] In this study, we used four risk
categories: low, <10%; moderate, 10-19.9%; high, 20-29.9%;
and very high risk, 230%.

To estimate drug requirements for CVD prevention, we used
WHO criteria and recommendations [2,20] as well as others
from expert consensus processes in Europe and New Zealand.
[10-13] Guidelines recommend drug therapy for people with a
CVD risk threshold =230%, or 220% if affordable to countries.
Because it is possible for someone to have a low total risk per
the chart while still having high blood pressure or elevated cho-
lesterol, we analyzed three variants: risk per the chart alone;
chart risk plus high blood pressure; and chart risk plus elevat-
ed total cholesterol (for the chart that includes cholesterol).

Statistical analysis Epi Info version 3.3.2 for Windows (CDC,
USA), Excel file 2003 (Microsoft) and IBM SPSS Statistics 21
were used for data entry, transfer and processing. We used the
chi-square test for statistical significance with a threshold of p
<0.05. For data analysis we used the method described in WHO
guidelines.[2] Concordance between the two prediction charts
was calculated for the different risk levels assuming the chart with
cholesterol as reference (i.e., if CVD risk was classified higher
without cholesterol, we described it as an overestimate; if lower,
underestimate).

Ethics The study was approved by the research ethics commit-
tees of WHO, Cuba’s Ministry of Public Health and Cardiology
and Cardiovascular Surgery Institute; written informed consent
was obtained from all participants, who remained anonymous. If a
life-threatening condition was detected in a participant, he or she
was referred to a secondary or tertiary facility with the necessary
resources to treat the condition.

RESULTS

A total of 1287 persons aged 40-80 years (85.8% of the selected
sample) participated in the study, with a mean age of 54.9+9.9
years, 64.9% females; the largest age group in both sexes was
40-49 years (Table 1).

Table 2 displays CVD risk factor prevalence in participants.
Systolic blood pressure 2140 mmHg was the highest (34.3%),
followed by smoking (28.7%), fasting blood glucose =7 mmol/L
(5.1%) and fasting blood cholesterol 26 mmol/L (5.9%). Smok-
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ing and high blood pressure were higher among men,
while fasting blood cholesterol was higher in women.

Table 3 shows the distribution of total CVD risk in this
population, using both sets of the WHO/ISH CVD
risk charts, with and without cholesterol. When risk
assessment was done with cholesterol, 97.1% had a
10-year CVD risk of <20%; the corresponding propor-
tion was 95.4% when cholesterol was not used; the
proportions with risk 220% (high and very high) were
2.9% with cholesterol and 4.6% without. When we
applied the charts without cholesterol, the percentage
of the population in the high- and very-high risk cat-
egories (230%) was greater than with the chart using
cholesterol (4.6% vs. 2.9%). Differences for the low-
and moderate-risk categories were statistically sig-
nificant. In general, the distribution of risk in the male
population was toward higher risk with both tools.

Concordance was found between the two charts
for 1134 (88.1%) participants. Without information
about cholesterol, CVD risk was overestimated in
136 (10.6%) and underestimated in 17 (1.3%). Of the
153 individuals with nonconcordant CVD risk esti-
mates, 88.9% (136/153) were overestimates; 71.2%
(109/153) belonged to low and moderate CVD risk
categories that would not have drug intervention at
a CVD risk threshold risk of 220% with either chart.
Only 2.6% (34/1287) of the total sample was misclas-
sified vis-a-vis need for drug intervention: risk was
overestimated in 2.2% (28/1287) and underestimated
in 0.5% (6/1287) (Table 4).

Using WHO guidelines for CVD risk assessment and
management,[2] estimates of proportions of persons
requiring medications to reduce CVD risk in this sam-
ple were similar for both charts. Using a threshold of
230%, 11.6% of those studied without measuring cho-
lesterol were classified as requiring drugs, and 11.5%
of those studied in whom cholesterol was measured;
using a threshold of 220%, the respective proportions
were 12.6% vs. 12.5%. Applying the single-risk-factor
approach would classify 43.8% of the sample as
requiring drug treatment (37.9% if cholesterol levels
are not available), more than threefold the proportion
with either risk chart (Table 5).

DISCUSSION

This study is one of the first to compare the use of a
total CVD risk prediction tool with and without choles-
terol for assessment and management of CVD risk in
a middle-income country.

The large percentage of persons with low CVD risk
and small percentage of people with high CVD risk
in our sample using both charts (with and without
cholesterol) is similar to the proportions observed by
Mendis in eight LMICs (90%-98%),[19] by Ndind-
jock in Seychelles (94.9%),[27] and by Otgontuya in
Mongolia (94.0).[28] In this study, the percentage of
people with total cardiovascular risk <10% is higher
than in developed countries (82%),[29,30] using the

Table 1: Sex and age distribution of study population

Age group (years)

Male (%) 162 (34.9) 107 (31.5) 146 (38.9) 37 (34.3)
Female (%) 302 (65.1) 233 (68.5) 229 (61.1) 71 (65.7)
Total (%) 464 (36.1) 340 (26.4) 375 (29.1) 108 (8.4)

SD: Standard deviation

Table 2: CVD risk factor prevalence by sex

Fasting blood | Fasting blood
Sl lucose cholesterol
Sex 2140 mmHg 9
No. (%) 27 mmol/L 26 mmol/L

Male

452 (35.1%) 177 (39.2) 163 (36.1)
Female

835 (64.9%) 264 (31.6) 206 (24.7)
Total

1287 (100%) 441 (34.3) 369 (28.7)
Sample mean (SD) ~ 129.1 (19.2) NA

452 (35.1) 55.4 (9.9)
835 (64.9) 54.6 (9.9)
1287 (100.0) 54.9 (9.9)

23 (5.1) 9(4.2)
43 (5.1) 57 (6.8)
66 (5.1) 76 (5.9)
45(2.7) 4.7 (0.7)

CVD: cardiovascular disease NA: not applicable SBP: systolic blood pressure

SD: Standard deviation

Table 3: Ten-year total CVD risk prediction by sex, using WHO/ISH AMR A charts,
with and without cholesterol

WHOI/ISH AMR
A Charts

Vale 83.4 1.9
(377/452)  (54/452)

With 93.2 49
cholesterol Female  77g/835)  (41/835)
ol 89.7 74

(1155/1287)  (95/1287)°

Vale 65.7 26.5

(207/452)  (120/452)

Without Fomale 91.9 53
cholesterol (767/835)  (44/835)
ol 827 12.7

(1064/1287)  (164/1287)°

10-year WHO/ISH cardiovascular risk prediction

<10% 10—<20% | 20-<30% 230%
(Low) (Moderate) (High) (Very high)

3.3 1.3
(15/452) (6/452)
1.0 1.0
(8/835) (8/835)
1.8 1.1
(23/1287)°  (14/1287)°
49 2.9
(22/452) (13/452)
2.0 0.8
(17/835) (7/835)
3.0 16
(39/1287)  (20/1287)°

AMR A: Americas Region A (Canada, Cuba, USA) CVD: cardiovascular disease

ISH: International Society of Hypertension

aX2?=24.46 p<0.001 °X?=19.85p <0.001 °X?=

3.719 p=0.053 9X?=0.745p = 0.388

Table 4: Concordance of WHO/ISH CVD risk charts with and without cholesterol

CVD risk

Without cholesterol (N / %)

With
cholesterol

Low 1055 (82.0) 100 (7.8) 0
Moderate 9(0.7) 58 (4.5) 27 (2.1)
High 0 5(0.4) 10 (0.8)
Very high 0 1(0.1) 2(0.2)
Total (%) 1064 (82.7) 164 (12.7) 39 (3.0)

Concordance: 88.1% (1134/1287)
Nonconcordance: 11.9% (153/1287)
Overestimate: 10.6% (136/1287)
Underestimate: 1.3% (17/1287)
Misclassification for CVD risk threshold 220%:
Overestimate: 2.2% (28/1287)
Underestimate: 0.5% (6/1287)

2.6% (34/1287)

Total (%)

0 1155 (89.7)
1(0.1) 95 (7.4)
8 (0.6) 23 (1.8)

11 (0.9) 14 (1.1)

20 (1.6) 1287 (100.0)
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Table 5: Comparison of drug requirements for CVD prevention between total CVD risk
assessment, with and without cholesterol, and single-risk-factor approach (n = 1287)

Approaches Variants

Total CVD risk with-

out cholesterol
Total

Elevated risk per charts alone
Charts normal with BP 2160/100

Total CVD risk with

cholesterol Charts normal with TC 28
Total
BP 2140/90

Single risk factor TC 26
Total

Elevated risk per charts alone
Charts normal with BP 2160/100

Persons requiring drugs
Threshold 230% | Threshold 220%

resulted in better targeting of those more
likely to develop CVD. In comparison, the
single-risk-factor approach would more
than triple drug usage.

Limitations of this study are its small sam-

20 1.6 59 4.6
129 10.0 103 8.0 ple size and the fact that the WHO/ISH
1492 11.6° 162¢ 12.6c Charts have not yet been validated inter-
14 11 37 59 hationally; additional research is needed
133 10.3 123 g5 to do so for both charts, with and without
1 0.1 1 0.1 cholesterol.[2,19] This study offers a base-
1480 11.5¢ 161 12.5¢ line for a project to develop validated CVD
4882 37.9 488¢ 37.9 risk charts for Cuba.
76 59 76 59
5640 438 564 438 The study showed that a risk assess-

BP: blood pressure (mmHg) TC: total cholesterol (mmol/L)
awithout cholesterol vs. single risk factor, threshold 230%: X? = 238.3, p<0.005
cwith cholesterol vs. single risk factor, threshold 230%: X? = 334.3, p <0.005

¢ without cholesterol, threshold 230% vs. without cholesterol, threshold 220%: X? = 0.527, p>0.05
dwith cholesterol, threshold 230% vs. with cholesterol, threshold 220%: X?= 0.521, p>0.05

ewithout cholesterol vs. single risk factor, threshold 220%: X? = 217.4, p<0.005
fwith cholesterol vs. single risk factor, threshold 220%: X? = 310.3, p<0.005

CVD risk tool with cholesterol. Although we found significant dif-
ferences between estimates with and without cholesterol in the
low- and moderate-risk groups, this was not so for the high-risk
group, precisely the group for which drug therapy would be indi-
cated. The basic purpose of these charts is to detect those at high
risk who need immediate intervention; this was achieved in our
study with a tool that did not include information about cholesterol.

Risk categories were concordant in 88.1% of the population, and
among the nonconcordant, 10.6% were overestimated by the tool
without cholesterol. Our percentage of concordance was higher
than that reported by Green in Washington (USA) applying Fram-
ingham CVD risk scoring using cholesterol and/or BMI formulae;
they found 78.2% concordance and 20.3% overestimation among
the nonconcordant.[31]

Our findings that using the tool without cholesterol information
would result in only 2.2% of the population receiving drugs due to
overestimation and 0.5% not receiving them due to underestima-
tion indicate that when we use the CVD tool without cholesterol,
the risk of mistakenly leaving a needy patient without pharma-
coprevention is quite small. At the same time, use of the tool would
enable timely treatment for the vast majority of patients requiring
drugs and appropriate recommendations to the majority of the
population, optimizing use of scarce health system resources.

The reduction of the CVD risk threshold from 230% to 220% did
not markedly increase drug requirements, while it increased cap-
ture of patients at risk, as the Mendis eight-country study also
found.[19] It did not introduce overprescription of drugs, but

ment tool not including cholesterol was
able to identify individuals at high risk of
CVD and thus enable immediate inter-
vention; this is particularly important in
settings where testing for cholesterol is
unavailable or prohibitively expensive.
These are the first results of the use of
these tools in a limited sector of the Cuban population; similar
studies in other population groups will be needed to corrobor-
ate these findings.

Furthermore, there are no country-specific cohort studies of CVD
risk factors, morbidity and mortality in most low- and middle-income
nations. Hence no validated or calibrated cardiovascular risk pre-
diction charts have been developed for their populations. The two
sets of WHO/ISH CVD risk prediction charts (with and without cho-
lesterol) have been developed using specific standardized collec-
tion and assessment of data on risk factor prevalence and relative
risk for myocardial infarction and stroke from each of the 14 specific
WHO epidemiologic subregions.[20]

CONCLUSIONS

Use of a CVD risk tool excluding cholesterol would enable better
targeting of those more likely to develop CVD without introducing
excessive use of drugs for CVD prevention. The high percentage
of people in low and moderate total-cardiovascular-risk catego-
ries in this study underlines the importance of complementing the
high-risk strategy with a population-wide approach. In settings
where cholesterol cannot be measured due to resource con-
straints, risk assessment for pharmacoprevention could be done
using WHO/ISH charts that predict cardiovascular risk using age,
sex, smoking status, systolic blood pressure and diabetes status.
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Page 35, 4th paragraph, third-to-last line: “in the 1970s” should read “in 1989.”
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