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a b s t r a c t

Background: Cardiovascular disease (CVD) is one of the leading causes of demises reported in

the 21st century.

Objective: Our objective is to develop a screening score to estimate the probability of

cardiovascular events, stressing on the importance of including outdoor air pollution to

improve the validity of the scale among the Lebanese adult population.

Methods: A case–control study was carried out between October 2011 and October 2012

comparing CVD cases to a control group (Sample 1). Two multivariate analyses using logistic

regression were carried out to evaluate predictors of the dependent variable. The second

model included the outdoor air pollution variables, while the first did not. The adjusted odds

ratios (OR) obtained were rounded to the nearest units and used as coefficients in the

generated scales. Following the scale set up, a second case–control of 200 patients was also

performed for clinical validation (Sample 2).

Results: Our study showed that the scale for screening of CVD, which included outdoor air

pollution variables, can foresee the CVD outcomes better than the score using only the
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traditional CVD risk factors. The areas under the curve were 0.737 (0.692–0.882; P < 0.001) and

0.864 (0.825–0.903; P < 0.001), respectively. Our results also provide some evidence of the

clinical validity of the scale.

Conclusion: This screening scale could detect subjects at elevated risk for CVD in the clinical

settings.

# 2015 INDIACLEN. Published by Elsevier, a division of Reed Elsevier India, Pvt. Ltd. All

rights reserved.

c l i n i c a l e p i d e m i o l o g y a n d g l o b a l h e a l t h 4 ( 2 0 1 6 ) 1 0 9 – 1 1 4110
1. Introduction

Cardiovascular disease (CVD) is one of the leading causes of
demises reported in the 21st century.1 It encases around 80% of
the death rate of CVD in the developing countries.2 Reasons
attributed to its associated mortality include meagerly or ill-
distributed health care services and curative instead of
preventive medical care, which is mostly based in well-
equipped expensive hospitals reached only by a handful ratio
of the population.3

Risk factors of CVDs were assessed using multiple scores
in an attempt to identify the persons at highest risk for
developing CVD. The most eminent one is Framingham
Risk Score (FRS), considered the backbone of several
international clinical guidelines.4–7 Other risk scores, such
as Systematic Coronary Risk Evaluation (SCORE), Cardiovas-
cular Risk Assessment in Italy (CUORE), Prospective Cardio-
vascular Munster (PROCAM), Assessing cardiovascular risk
using the Scottish Intercollegiate Guidelines Network (AS-
SIGN), CVD risk score (QRISK) for the United Kingdom,
Reynolds Risk Score, and the National Health and Nutrition
Examination Survey (NHANES), have been established in
order to manage and reduce the burden of CVDs in the
developed world.8–14 These assessment tools include mainly
age, gender, systolic blood pressure (SBP), smoking status,
diabetes mellitus, lipid values, or family history as risk
factors for CVD prediction.6,8–10 Unfortunately, the afore-
mentioned scores have not been validated in developing
countries.

To our knowledge, an international risk score, which
predicts 10 years risk of CVD, such as Framingham score, is
not validated among Lebanese population. Lebanon, a small
developing country in the Middle East, suffered from
unstable political situation and limited resources to conduct
such prospective cohort studies. Validating such screening
tools would be helpful in minimal cost preventive efforts for
identifying high-risk subjects in these countries, a place
where limited screening resources exist.15,16 Moreover,
although outdoor air pollution has been acknowledged lately
as an additional risk factor for CVD in developed and
developing countries,17–25 it was not included in any of the
abovementioned scales. Nevertheless, we previously dem-
onstrated that living near a busy highway and close to a local
diesel generator were associated with CVD.26 Thus, our aim
in this study is to develop a score that can be used as a
screening tool in clinical and epidemiological settings,
stressing on the importance of adding outdoor air pollution
to improve the validity of the scale among the Lebanese adult
population.
2. Material and methods

2.1. Study design and population

This study was conducted in two phases: the factor structure
of the screening scale was initially tested using a case–control
study comparing CVD cases to a control group in six Lebanese
hospitals between October 2011 and October 2012 (Sample 1).
Following the score set-up, another case–control sample of 200
patients was also recruited for clinical validation (Sample 2). In
both studies, inclusion criteria were defined as patients aged
40 years or above, hospitalized for CVD, diagnosed with
ST/non-ST elevation myocardial infarction, and stable/unsta-
ble angina or heart failure, confirmed by a cardiologist based
on their clinical presentation and laboratory exams.27 The
control group included any subject aged 40 years or above
hospitalized for reasons excluding diabetes, hypertension,
dyslipidemia, respiratory problems, or CVD. There were no
significant differences in terms of age and gender between the
two groups with P value >0.05 in both samples.

2.2. Data collection

Subjects were interviewed by an independent assistant, after
obtaining the informed consent. The ethical committee of our
university waived the need for an official approval due to the
observational nature of this study. We collected baseline data
based on socio-demographic variables such as age, gender
(male/female), smoking status (current/never), and family
history of CVD. Hospital charts were used to collect variables
such as SBP, triglyceride, high-density lipoprotein (HDL)
concentration and low-density lipoprotein (LDL) concentra-
tion. Regarding the outdoor air pollution matter, we published
a recent study conducted in Lebanon revealing that outdoor air
pollution such as living near busy highway (<100 m, >100 m)
and living close to a local diesel generator (No/Yes) was
significantly associated with CVD.26

2.3. Statistical analysis

SPSS IBM version 22.0 was used to enter and analyze the data.
In Sample 1, the dependent variable was disease-related
variable, such as being diagnosed with CVD or not. Indepen-
dent variables were cigarette smoking, HDL (yes/no), LDL
(yes/no), SBP (yes/no), class age (40–65/>65), family history of
CVD (yes/no), and exposure to outdoor pollutants, which was
assessed using the questions such as (Are you living near a
busy highway <100 m, >100 meter?) and (Are you living close
to local diesel generator?). Two multivariate analyses using
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logistic regression were carried out to evaluate predictors of
the dependent variable. The second model included the
outdoor air pollution variables, while the first did not. Adjusted
odds ratios (OR) and their 95% confidence intervals were
reported. The Hosmer and Lemeshow goodness-of-fit was also
calculated to assess the model fitting to data. The regressions
of predictors served to generate two screening scales for CVD;
the adjusted OR obtained were rounded to the nearest units
and used as coefficients in the generated scales.

Thus, we compared two risks screening models, the first
composed of the following risk factors (Score 1): class age
(40–65/>65), gender (Male/Female), SBP (yes/no), smoking
status (current/never), triglyceride (yes/no), HDL (yes/no),
LDL (yes/no), and family history of CVD (yes/no). In the second
model, we used the same risk factors of (Score 1) in addition to
risk factors related to outdoor pollution derived from the
previous study (living near a busy highway and living close to
local diesel generator)26 (Score 2). The calculated scores were
applied for validation.

Receiver–operator characteristic (ROC) curves based on the
logistic regression models were used to measure the discrimi-
nation of a prediction. The predictive discrimination of the
two models was evaluated across several characteristics:
sensibility (Se) and specificity (Sp), in addition to positive and
negative predictive values (PPV and NPV, respectively). We
also calculated the Kappa coefficient to assess concordance
between physician's diagnosed cardiovascular event and that
of CVD-screening score. The validity of the score was also
Table 1 – Risk factor profile of the participants in the case–con

Characteristics Controls
n = 219 (64.4%)

Age years (Mean � SD) 59.94 � 14.53 

Gender 

Male 116 (53.0) 

Female 103 (47.0) 

Current cigarette smoker 

No 137 (63.1) 

Yes 80 (36.9) 

Family history of CVDa

No 143 (65.9) 

Yes 74 (34.1) 

SBP,b mm/Hg (Mean � SD) 122.5 � 15.0 

Triglycerides, mmol/L (Mean � SD) 1.65 � 0.49 

HDL,c mmol/L (Mean � SD) 1.33 � 0.40 

LDL,d mmol/L (Mean � SD) 2.23 � 1.20 

Highway proximitye

<100 m 128 (58.4) 

>100 m 91 (41.6) 

Local diesel generator proximityf

No 166 (75.8) 

Yes 53 (24.2) 

(Mean � SD), Mean � Standard deviation.
* P value <0.005.
a Family history of cardiovascular diseases.
b Systolic Blood Pressure.
c High-density lipoprotein concentration.
d Low-density lipoprotein concentration.
e Are you living near a busy highway?
f Are you living close to local diesel generator?
tested by comparing the means of CVD patients to those of
control patients (Sample 2), using the corrected student t-test
for means comparison.

3. Results

3.1. Construction of the scales (Model 1 and Model 2)

The baseline characteristics of our study population are listed
in Table 1. First sample analysis included 340 patients: 219
(64.4%) controls and 121 (35.6%) cases. The means of the risk
factors (hypertension, triglycerides, and LDL) were significant-
ly higher among cases than controls.

Table 2 shows two logistic regressions models predicting
CVD in this case–control study. Taking into account the
adjusted OR and rounding to the nearest unit, Two different
scores were computed as follows: Score 1 = Class age*2 + ciga-
rette smoker*2 + triglyceride*5 + LDL*5 + SBP*3 + HDL and Score
2 = Class age*2 + cigarette smoker*2 + triglyceride*6 + LDL*5
+ SBP*3 + HDL + living near highway*2 + living close to a local
power plant*3. The Hosmer and Lemeshow goodness-of-fit for
both models suggest good calibration as 0.64 and 0.94,
respectively. The first score has a minimum of 2 and maximum
of 20 and second score has a minimum of 2 and maximum of
26. In the first model, the mean of CVD individuals was 13.26 and
its standard deviation is 3.40, while in healthy controls, the
mean was 7.83 and the standard deviation was 4.1 (P < 0.001). In
trol study.

Cases
n = 121 (35.6%)

P value

62.94 � 13.05 0.06
0.902

63 (52.5)
58 (47.5)

<0.001*

57 (47.1)
64 (52.9)

0.02*

62 (51.7)
58 (48.3)
129.9 � 19.1 <0.001*

2.28 � 0.75 <0.001*

1.12 � 0.36 <0.001*

3.33 � 0.99 <0.001*

0.001*

47 (38.8)
74 (61.2)

<0.001*

61 (50.4)
60 (49.6)



Table 2 – Logistic regression for predicting of cardiovascular disease events among the participants. Model 1 = traditional
risk factors (TRF) of CVD and Model 2 = TRF of CVD in addition to outdoor air pollution exposure assessment.

Model 1 Model 2

Score 1 Score 2

OR 95% CI P value OR 95% CI P value

Class age 1.84 1.01–3.38 0.049* 2.19 1.13–4.24 0.020
SBPa 2.92 1.26–6.75 0.012* 3.25 1.33–7.97 0.010*

Triglycerides 5.18 2.71–9.88 <0.001* 5.85 2.95–11.63 <0.001*

HDLb 0.48 0.25–0.92 <0.027* 0.39 0.19–0.78 <0.001*

LDLc 4.79 2.49–9.24 <0001* 5.02 2.47–10.18 <0.001*

Cigarette smoker 2.19 1.20–3.98 0.01* 2.41 1.43–5.97 0.007*

Highway proximityd 2.42 1.27–4.56 0.011*

Generator proximitye 2.92 1.22–4.81 0.003*

OR: adjusted Odds Ratio; CI: Confidence Interval.
* P value <0.05.
a Systolic blood pressure.
b High-density lipoprotein concentration.
c Low-density lipoprotein concentration.
d Living near highway < 100 m.
e Living close to local diesel generator.
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the second model, the mean of CVD individuals was 16.75 and
its standard deviation was 3.98, while in healthy controls, the
mean was 9.75 and the standard deviation was 4.66 (P < 0.001).

3.2. Scales properties and thresholds

Receiver-operating characteristic (ROC) curves for CVD screen-
ing are shown in Fig. 1, comparing CVD patients with controls
Fig. 1 – ROC curves for Score 1 and Score 2 to predict
cardiovascular diseases. Abbreviation: ROC, receiver-
operating characteristic curve.
for the 2 scales. The areas under the curve were 0.737 (0.692–
0.882; P < 0.001) and 0.864 (0.825–0.903; P < 0.001), respectively.

According to the ROC curve of the first scale (without
outdoor air pollution; Fig. 1), the threshold that gave the best
sensibility and specificity was 9.5: Se = 80% and Sp = 60%. After
applying this threshold, we obtained a concordance between
CVD-screening score and CVD patients confirmed by physi-
cian: Kappa = 0.412. Individuals with a positive score have a
possibility of being a true CVD: OR = 2.81 [1.69–4.67]. In this
situation, the PPV was 51% and the NPV was 84%.

According to the ROC curve of the second scale (with
outdoor air pollution; Fig. 1), the threshold that gave the best
sensibility and specificity was 11.5: Se = 90% and Sp = 66%.
After applying this threshold, we obtained a good concordance
between CVD-screening score and CVD patients confirmed by
physician: Kappa = 0.601. Individuals with a positive score
have a possibility of being a true CVD: OR = 5.34 [4.26–9.25]. In
this situation, the PPV was 58% and the NPV was 92%.

3.3. Clinical validity

Results were clinically validated on a sample of 100 CVD
patients. Their mean screening score was 16.95, with a
standard deviation of 4.28 and with a statistical significant
difference (P value 0.001). On the other hand, the 100 control
patients had a mean screening score of 9.73 and a standard
deviation of 4.28.

4. Discussion

We developed a new CVD risk assessment model, incorporat-
ing additional risk factors, such as living near highway and
living close to a local diesel generator already recognized as
CVD risk factor, for the Lebanese population.28 Our study
showed that the scale for screening of CVD, which included
outdoor air pollution variables (Model 2), can predict the CVD
outcomes better than the score using only the traditional CVD
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risk factors (Model 1). This model was able to differentiate
between patients at risk of CVD and healthy controls. Our
values of predictive discrimination for the Model 2 were
superior to the corresponding values in the Model 1.
Moreover, the outdoor exposure risk factors significantly
increased the C-statistic from 0.7 to 0.8. Clinical validity of the
scale was also demonstrated through its ability to discrimi-
nate CVD patients from those who do not have CVD. Taken
together, our findings provide some evidence in support of the
fact that our generated scale is an appropriate tool for CVD
screening.

Many measuring tools applied on large cohort population
studies were developed to identify individuals at high-risk
CVD.8–12,29 However, we believe that this is the first work
which includes outdoor air pollution risk factors for predic-
tion of CVD events. We were able to formulate a tool for CVD
screening with good diagnostic features in epidemiological
or clinical settings; this tool would be mainly suitable for
management of patients with CVD before special cardiovas-
cular confirmatory test. This scale may help clinicians to pay
attention to preventive measures of high-risk individuals
rather than treating CVD events. Thus, this risk-screening
model for CVDs can be used in the clinical settings. We also
expect that in term of a screening tool used in public health
settings, this scale could be applied to evaluate and
stimulate much larger numbers of subjects to seek for help,
particularly those who may not have regular checkups or
lack the appropriate health care resources. The latter idea
needs further validation in appropriate epidemiological
settings.

The authors identified SBP, LDL, HDL, triglycerides, smok-
ing, older age, and outdoor air pollution exposure as the
significant variables associated with CVD in their logistic
regression. These traditional risk factors were also found as
significant variables in multiple established prediction scales,
such as the FRS, PROCAM, CUORE, QRISK, and the Reynolds
Risk Score.7,9,10,12,13

The case–control design of our study is not the perfect
example in order to extrapolate the importance of the
screening tool on our Lebanese population. However, it can
be used as foundation for a future scale tested in longitudinal
cohort studies. Furthermore, we should examine the perfor-
mance of the screening scale using both internal and external
validity measures to concur it to other international risk
scores. Other limitations of the present study are the
possibility of selection bias and information bias coupled
with the questionnaire used.

5. Conclusion

In summary, our statistical model, containing risk factors,
such as age, lipid profile, blood pressure, smoking status, and
outdoor air pollution exposure allowed for screening of CVDs
and can assist the cardiologist in decision making. This
screening scale could detect persons at elevated risk for CVD in
the clinical settings and may serve as an essential public
health screening tool for the primary prevention of CVD, which
is required to improve Lebanese cardiovascular health and
decrease burden of public health cost.
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