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Validity, sensitivity and specificity of a scale 
to assess cardiovascular symptoms
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ABSTRACT

Objective: To analyze the validity, internal consistency, 
sensitivity and specificity of a scale of cardiovascular 
symptoms (ESCV-10). Material and methods: Two 
studies were carried out in which confirmatory factorial 
analyses were done, the Cronbach alpha and omega 
of the scale were calculated, and ROC curves were 
estimated. In addition, criterion validity was analyzed 
using different standards in two studies. In study 1, 151 
apparently healthy public transport drivers participated, 
from whom total cholesterol, LDL, HDL, glucose, 
triglycerides, and blood pressure were obtained, which 
were used as proxy bio-markers of cardiovascular health 
status. The sample of study 2, were cases of diagnosed 
ischemic heart diseases, reported in a public hospital (n 
= 57), which were paired with healthy people with similar 
sociodemographic characteristics (n = 69) for comparative 
purposes. Results: The 2 studies showed a replica of the 
unifactorial structure of the scale and good psychometric 
properties in general, in particular by eliminating 2 items 
(ESCV-8). Although in study 1 the scale was correlated 
weakly with biomarkers, in study 2 it discriminated 
effectively between heart and healthy patients and showed 
levels of acceptable sensitivity and specificity (> 80% 
and > 70% respectively). Conclusions: In general, the 
findings showed that the scores of the proposed scale 
of cardiovascular symptoms (ESCV), in particular in its 
8-item version, has psychometric validity and acceptable 
levels of sensitivity and specificity, so that it could be used 
reliably, as an initial screening tool for cardiovascular 
health. Future findings and perspectives are discussed.

RESUMEN 

Objetivo: Analizar la validez, consistencia interna, 
sensibilidad y especificidad de una escala de síntomas 
cardiovasculares (ESCV-10). Material y métodos: Se 
realizaron dos estudios en los que se efectuaron análisis 
factoriales confirmatorios, se calculó el alfa de Cronbach 
y omega de la escala, y se estimaron curvas ROC. 
Adicionalmente, se analizó la validez de criterio empleando 
diferentes estándares en dos estudios. En el estudio 1 
participaron 151 conductores de transporte público 
aparentemente sanos, de quienes se obtuvieron niveles de 
colesterol total, LDL, HDL, glucosa, triglicéridos y tensión 
arterial, los cuales fueron utilizados como biomarcadores 
proxy del estado de salud cardiovascular. En la muestra 
del estudio 2, participaron casos diagnosticados con 
cardiopatía isquémica en un hospital público (n = 57), los 
que fueron emparejados con personas sanas de similares 
características sociodemográficas (n = 69) con fines 
comparativos. Resultados: En los dos estudios se evidenció 
una réplica de la estructura unifactorial de la escala y 
buenas propiedades psicométricas en general, en particular 
al eliminar dos ítems (ESCV-8). Aunque en el estudio 1 la 
escala correlacionó débilmente con los biomarcadores, en el 
estudio 2 discriminó eficazmente entre cardiópatas y sanos, y 
mostró niveles de sensibilidad y especificidad aceptables (> 
80 y > 70%, respectivamente). Conclusiones: En general, 
los hallazgos muestran que los puntajes de la escala de 
síntomas cardiovasculares (ESCV) propuesta, en particular 
en su versión de ocho ítems, tienen validez psicométrica y 
aceptables niveles de sensibilidad y especificidad, por lo que 
puede utilizarse de manera confiable como instrumento de 
tamizaje inicial para la salud cardiovascular. Se discuten 
hallazgos y perspectivas futuras.
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INTRODUCTION

Cardiovascular diseases (CVD) are the 
leading cause of morbidity and mortality 

in the world and it is known that more people 
die every year from CVD than from any 
other cause. According to the World Health 
Organization,1 just in 2015, an estimated 
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17.7 million people died from CVD, which 
represents 31% of the total deaths recorded 
in the world. Some estimates indicate that an 
acute myocardial infarction occurs every four 
seconds and a cerebral vascular event every 
five seconds, and at least one in three people 
lose their lives due to some pathology related 
to CVD.2

More than three quarters of CVD deaths 
occur in low and middle-income countries, 
particularly in Latin America, ischemic heart 
disease and CVD represent 8.96 and 6.11% 
respectively of the causes of death in the 
region, and these chronic problems along with 
diabetes, cause more deaths in Latin America 
than in the United States of America and 
Canada.3

In México, the National Institute of Statistics 
and Geography (INEGI)4 reported 141,619 
deaths from cardiovascular diseases and 
101,877 from ischemic heart disease, which 
together accounts for 34.63% of all deaths in 
2017. Some studies with a population registered 
at IMSS (government health insurance) in 
Mexico have found that since 1990 there 
has been a decrease in the prevalence of 
lethality and mortality due to CVD, however 
it is recognized that there is not a decrease in 
incidence yet.5,6 This agrees with statistics of 
the Organization for Economic Cooperation 
and Development, which shows that México 
does not have the highest death rate due to 
this cause among the member countries of 
this organization, but it ranks second with the 
highest percentage of incidence rates between 
1990 and 2011.7

As in any publ ic  heal th problem, 
cardiovascular diseases require screening 
measures for a more simple and rapid 
detection and with a positive relationship 
in terms of effectiveness/cost and efficiency/
time. In this sense, questionnaires and 
subjective self-reports of illness can represent 
an additional relevant contribution to physical 
medical examinations and laboratory tests, 
especially at the level of primary or secondary 
prevention. These questionnaires and scales 
do not substitute any clinical diagnosis 
properly, but they should be understood as 
general screening tests, and in this sense, their 
usefulness can be an advantage at prevention 

level, as long as their validity, sensitivity, and 
specificity are acceptable. The self-reports 
scales of subjective symptoms have been 
a useful and widely used measures in the 
assessment of different health problems 
and especially have been useful in the field 
of epidemiological research because of the 
logistical facilities they represent.

However, for the specific case of CVD, 
the use of questionnaires or self-report 
scales are scarce in the literature, perhaps 
due to the nature of such diseases that 
represent underlying alterations of blood 
vessels that are often asymptomatic and 
their first manifestation can be directly a 
heart attack or a cerebrovascular event.8 
Some studies have found weak or absent 
relationships between the subjective self-
report and the clinical diagnosis of CVD or 
its risk factors; for example, Tenkorang,9 and 
Dave10 located inconsistencies between self-
reported hypertension and the one obtained 
in biometric data (sensitivity of 33%); Similarly, 
Molenaar et al11 in a population-based 
prospective study, obtained for self-reports 
only a sensitivity of 33.3% in the case of 
hypertension, and 58.9% for diabetes mellitus 
type II. On the other hand, Natarajan et al12 
and Dey et al,13 found that self-reported 
hypercholesterolemia also has low levels of 
sensitivity (44 and 57.5% respectively).

Notwithstanding the foregoing , in a 
German study, the medical condition of more 
than 7,000 participants was assessed by means 
of physical and laboratory examinations at 
the same time as the subjective self-report 
of diseases such as hypertension, diabetes, 
cardiac arrhythmias and angina pectoris. 
Among others; they found substantial levels 
of agreement between both measurements 
with significant percentages ranging from 
83 to 96%.14 In another study,15 they found 
sensitivity levels of up to 92% in the subjective 
self-report of hypertension, and others have 
also found reasonable consistencies, including 
Hispanic populations,16 which means that 
there are still inconsistencies in the literature 
regarding this topic.

Several authors have pointed out that 
the accuracy of a subjective self-report of 
the medical condition of the same patient 



Juárez-García A et al. Validity, sensitivity and specificity of a scale to assess cardiovascular symptoms102

www.medigraphic.com/cmsCardiovasc Metab Sci 2019; 30 (3): 100-113

www.medigraphic.org.mx

may be influenced by factors such as: age, 
sex, race, knowledge and understanding of 
relevant medical information, memory capacity, 
disposition to communicate what it feels and, 
of course, the specific cardiovascular disease 
or risk in question.10,12-14,17

Although some authors agree that the 
subjective self-report is slightly more consistent 
for diabetes than any other disease,10,18 other 
follow-up studies showed that the self-report 
is a better predictor of the incidence of 
cerebrovascular accident (CVA) and myocardial 
infarction (MI), compared to those obtained in 
other diseases.14,19

This has some relation with what has 
been obtained in experimental studies of 
cardiovascular activation response, where for 
several decades it has been concluded that the 
subjective cardiovascular self-report provides a 
more accurate indicator of the overall level of 
arousal of the whole body in relation to that 
obtained in other specific biomarkers.20,21 So 
perhaps the perception of the health of the 
heart in a global way is more accurate than the 
one present in some of its risk factors separately.

In this sense, Bowlin et al22 have suggested 
combining different repeated measures in a 
single indicator to improve the sensitivity and 
specificity of CVD self-reports, which may partly 
explain the limited results of previous studies 
that have used a single measurement or an only 
question to assess the self-report of a disease, 
such is the case of questions like «Do you suffer 
from hypertension?». In psychometrics it is well 
known that the accuracy of a measurement 
using a single question is weak, and therefore 
the use of «scales» of subjective self-report 
through the use of several items (which can 
be summative) allows not only to ensure a 
greater a view of what is valued, but the content 
validity is increased and greater consistency is 
obtained in the measurement, which gives rise 
to the concept of reliability. Reliability theory is 
based on the assumption that a score observed 
in a particular value of a random variable 
represents all possible scores that could have 
been repeatedly reported by a person.23

The available literature does not show any 
proposal for validation of a self-report scale 
with several items that explore cardiovascular 
symptoms for the overall assessment of heart 

disease, which is of great need and can 
represent great advantages for population 
screening. Among the benefits of having a tool 
of this nature are: 1) low cost, 2) speed and 
ease of identification of possible risk without 
large logistical deployments, 3) decrease in 
the use of specialized human resources and 
devices, 4 ) avoidance of invasive procedures, 
5) ease of people having global and first-hand 
information about their possible cardiovascular 
risk, especially in cases where another form of 
medical assessment is inaccessible, and 6) the 
possible availability of a scale of cardiovascular 
screening for research purposes in large samples.

Given the above, the present work has two 
objectives: the first one is to propose a scale 
of self-report of cardiovascular symptoms and 
analyze their psychometric properties through 
the analysis of internal consistency (reliability) 
and its factorial structure (construct validity); and 
second, to explore the criterion validity of the 
scale through correlation analysis with different 
cardiovascular indicators, estimating in turn the 
sensitivity and specificity through ROC curves.

To achieve these objectives, two studies 
were carried out with designs and samples 
that were distinguishable in nature: the first 
study in a sample of apparently healthy 
people from whom various biomarkers of 
their cardiovascular health were obtained as 
validation criteria, and a second comparative 
study of cases (with cardiopathy) and not cases 
(healthy), which are described below.

MATERIAL AND METHODS

Study 1. Study of validity in 
apparently healthy people

Participants

An open and voluntary convocation was made 
to approximately 300 public transport drivers 
in the city of Cuernavaca, Morelos, who were 
invited to a screening to know their health that 
included the filling of the proposed scale of 
cardiovascular symptoms (ESCV) and the taking 
of blood samples. N = 151 apparently healthy 
drivers who did not know their cardiovascular 
health participated. This group was chosen 
because it belongs to the occupational group 
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most vulnerable to cardiovascular diseases 
according to the statistics described by the 
Mexican Institute of Social Security (IMSS).24 
Informed consent was obtained from the 
participants and blood samples were taken in 
accordance with NOM-253-SSA1-2012 for the 
disposition of humal blood and its components, 
and extracted by certified personnel assigned 
to the department of medical services of the 
Autonomous University of the State of Morelos 
(UAEM). Informed consent was signed and at 
all times the ethical procedures corresponding 
to the Declaration of Helsinki,25 the UAEM 
regulations, and corresponding regulations were 
followed. 100% of the participants were male, 
with an average age of 36.09 years (SD 9.48), 
25.2% had primary school, 55.6% secondary, 
18.5% high school and 0.7% undergraduate. 
83.4% lived with a partner.

Instruments

The cardiovascular symptoms scale (ESCV) 
was initially developed with 10 items (Table 
1), considering the traditional or more well-
known symptomatology in case of circulatory 
discomfort, cardiac rhythm disturbances, high 
blood pressure, heart failure, and angina. It was 
designed with four response options: 1 (Never), 
2 (some occasions = up to once a month), 3 

(many occasions = several times a week) and 
4 (always = every day). The value of the scale 
was divided by the number of items in order 
to clearly identify the average frequency of 
presentation of symptoms.

In addition to the application of the proposed 
scale, as proxy indicators of cardiovascular 
health biomarkers of well known CVD risk 
factors were obtained, which would allow to 
discriminate the validity of the scale even in 
healty subjects. This way, blood samples were 
obtained under normal conditions with the 
criterion of 12 hours of fasting to obtain values of 
total serum cholesterol, low-density lipoprotein 
cholesterol (LDL cholesterol), high-density 
lipoprotein cholesterol. (HDL cholesterol), 
glucose and triglycerides, which were measured 
with commercially available techniques, 
modified according to the recommendations 
given in the Third Report of the Panel of 
Experts of the National Cholesterol Education 
Program (NCEP) on the Detection, Evaluation, 
and Treatment of Cholesterol Elevated Blood in 
Adults.26 For the determination of «cases», it was 
used the cut off point suggested by the NOM-
037-SSA2-2012 for the prevention, treatment 
an control of dyslipidemias. Likewise, the weight 
and height were taken to evaluate the Body 
Mass Index (BMI) and the blood pressure (BP) 
was taken by means of an OMRON automatic 
wrist, model HEM-63INT (oscillometric method 
with measurement limits ranging from 0 at 299 
mmHg, with a precision of pressure within ± 3 
mmHg and memory of 60 measurements with 
date and time), the monitor model is the HEM-
63INT, which is backed by the cardiology society 
following the protocol of estimated points of 
Schnall et al.27 The lifestyle was also considered 
through the affirmations: «I have a fatty diet», «I 
exercise at least 30 minutes until sweating» and 
«I smoke», with four response options ranging 
from: «Never», «Once per month», «Several 
times per week» and «every day».

Procedure

In a first step, descriptive and dispersion 
statistics were calculated, and in order to 
obtain the highest certainty of the internal 
consistency of the scale, Cronbach’s alpha 
(α)28 was calculated by complementing it with 

Table 1: Proposed scale of cardiovascular symptoms (ESCV).

1. 	 Have you felt the sensation of shortness of breath when making an effort 
like climbing stairs? I 

2. 	 Swelling, either in the legs, feet, ankles or knees
3. 	 Rapid palpitations
4. 	 Feeling that «your heart is jumping»
5. 	 Chest pain
6. 	 Headaches
7. 	 Ringing in the ears
8. 	 Have you seen bright spots or lights?
9. 	 Have you felt sudden weakness or will you faint?
10. 	Have you felt pain in your chest before an effort that has caused you to 

stop?

Source: own creation.
Note: the instructions were «indicate how often you have the following symptoms in 
the last months».
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its confidence intervals (CI)29 and the omega 
coefficient (ω), which has been recommended 
for cases in which the assumption of tau 
equivalence is violated.30 The minimum 
acceptable value of both coefficients was 
0.70.31 To test its psychometric validity and the 
unidimensionality of the scale, a confirmatory 
factorial analysis (CFA) was carried out with 
structural modeling using the EQS software 
version 6.2. The robust estimation method 
was used by the Satorra Bentler adjustment 
for non-normality in the data.32 The most 
acceptable fit indices were used according 
to recent literature, and Kline’s suggestions33 
were followed with respect to cut-off points, 
where a satisfactory fit index was ≥ a 0.90 
for the CFI and B-NNFI, while which should 
be < 0.10 for RMSEA and SRMR. For 
comparison between models, the adjustment 
differences test of χ2 was used and to verify 
differences between Cronbach’s alphas, the 
Lautenschlager and Meade method34 was 
used. Finally, seeking to prove the convergent 
validity of the scale, correlation coefficients 
rs (Spearman) were obtained between the 
proposed scale (ESCV) and cardiovascular 
risk markers; likewise, the sensitivity and 

specificity of the scale were estimated using 
ROC curves with the software SPSS version 23.

RESULTS (STUDY 1)

With respect to the proposed scale of 10 items, 
the descriptive statistics showed an average 
of 1.41, which in the frequency scale refers 
to symptomatology between «never» (1) and 
«some occasions» (2). The asymmetry indicators 
showed a positive bias, which together with the 
kurtosis in relation to their errors, indicate low 
frequencies and lack of compliance with the 
assumption of normality. It is worth mentioning 
that some respondents (n = 9) showed 
understanding difficulties in items 9 (sudden 
weakness or going to faint) and 10 (chest pain 
in the face of exertion that causes them to 
stop). The item-total correlations (not shown by 
space issues) showed that the lowest relations 
were precisely with items 9 and 10 (r = 0.49 
and r = 0.43 respectively), which also had the 
lowest means (1.24 and 1.15 respectively), thus 
showing some psychometric difference with the 
rest of the items, so it was decided to also try 
a version of the scale without those two items 
(ESCV10 vs ESCV 8) (Table 2).

Table 2: Descriptions of the variables in study 1.

Min. Max. Mean σ Skewness (error) Curtosis (error)
High prevalence 

(%)

Scale ESCV (10) 1.00 2.60 1.41 0.36 1.169 0.197 0.792 0.392 -
Scale ESCV (8) 1.00 2.88 1.47 0.39 1.239 0.197 1.432 0.392 -
Systolic AP 93.50 162.00 121.04 10.53 0.922 0.202 1.941 0.401 17.2
Diastolic AP 56.00 106.00 78.57 7.72 0.612 0.202 1.488 0.401 15.2
BMI 17.26 46.85 29.89 4.97 0.389 0.197 0.600 0.392 86.1
Glucose 65.00 293.00 102.19 39.73 3.511 0.200 12.321 0.397 28.5
Total cholesterol 96.00 293.00 196.57 38.97 0.160 0.200 -0.235 0.397 41.7
Triglycerides 44.00 970.00 225.28 152.22 1.998 0.200 5.174 0.397 66.9
HDL 20.00 64.00 35.70 7.68 0.881 0.200 1.237 0.397 78.8
LDL 46.40 220.90 127.47 32.21 0.373 0.200 0.017 0.397 17.2
Exercise 1.00 4.00 1.88 0.85 0.697 0.198 -0.194 0.394 -
Smoke 1.00 4.00 1.90 1.11 0.906 0.197 -0.624 0.392 -
Fatty diet 1.00 4.00 2.16 0.83 0.511 0.197 -0.131 0.392 -

Note: The cut-off points to determine the prevalence were taken from NOM-037-SSA2-2012, being higher than normal levels ≥ at 120/80 for TA, from 25 
for BMI, 100 mg/dL for glucose, 200 for total cholesterol, 150 for triglycerides, 40 for HDL, 160 for LDL.
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Eventhough it was not the main objective 
of this work it is worth it to point out that the 
descriptive statistics show a prevalence of total 
cholesterol in the drivers of 41.7%, which was 
higher than the general population. Likewise, 
the prevalences of the body mass index (86.1%) 
and triglycerides (66.9%) in the participants 
were also high, although the prevalences of 
other biomarkers such as blood pressure were 
not so high.

With respect to the psychometric behavior 
of the scale, the internal consistency indices 
showed that the 10-item version obtained 
a α = 0.80 (CI 0.73-0.85) and a ω = 0.85; 
while for the 8-item version a α = 0.78 (IC 
0.70-0.83) and a ω = 0.84. These coefficients 
were satisfactory, including the minimum 
value within the confidence interval, and 
without statistically significant differences 
between them (χ2 = 0.27, p = 0.60). On the 
other hand, the fit indices of the confirmatory 
factor analyses showed the expected one-
dimensional structure satisfactorily, but only 

for the 8-item version (CFI = 0.96, B-NNFI 
= 0.94 and RMSEA ≤ 0.04), which confirmed 
the limited contribution of items 9 and 10 to 
the psychometric performance of the scale and 
the greater effectiveness of the 8-item version. 
In this respect, the comparative χ2 between 
Satorra Bentler indices showed a statistically 
significant difference (p = 0.003) between 
both models (version ESCV-8 vs ESCV10), being 
in principle, more acceptable in the 8-item 
version (χ2 = 25.96, p = 0.16). In general, the 
factorial loads were moderate to high (0.42-
0.87) in almost all the items in both versions 
(Table 3).

As for the convergent validity of the 
proposed scale, both versions correlated 
in similar ways, with some cardiovascular 
risk indicators, although, the 8-item version 
(ESCV-8) showed slightly superior correlations. 
Meaningul statistical correlations (low 
magnitude, although) were observed with 
high fat diets, exercise frequency, low density 
cholesterol (LDL), high density cholesterol 

Table 3: Confirmatory factor analysis and internal consistency of the ESCV scale (study 1).

Model
Factor loading 

by item
χ2 Satorra 
Bentler/ CFI RMSEA SRMR B-NNFI

α = Cronbach’s 
alpha (CI 95%)

Omega 
(ω)

Dif. χ2 
(p)

Dif. α 
χ2

ESCV-10 
items

1 = 0.67
2 = 0.46
3 = 0.84
4 = 0.79
5 = 0.46
6 = 0.45
7 = 0.37
8 = 0.42
9 = 0.45
10 = 0.38

χ2 = 60.10/35
p = 0.005

0.87 0.06 0.07 0.83 0.80 (0.73-0.85) 0.85

34.19  
(p = 0.003)

0.27  
(p = 0.60)

ESCV-8 
items*

1 = 0.67
2 = 0.46
3 = 0.87
4 = 0.80
5 = 0.43
6 = 0.43
7 = 0.35
8 = 0.39

χ2 = 25.92/20
p = 0.16

0.96 0.04 0.05 0.94 0.78 (0.70-0.83) 0.84

*Without item 9 & 10.
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(HDL) and total cholesterol, the last one only in 
the 8-item version. Even that a higher number of 
correlations were expected, the ones obtained 
were in the expected directions, with the only 
exception of the HDL correlation, which was 
positively correlated with other lipids (Table 4).

LDL cholesterol was chosen as a possible 
standard to estimate the sensitivity and 
specificity of the scale since it was the 
cardiovascular risk indicator with the highest 
correlation and the most objective of the 

criteria with which it correlated the proposed 
scale. For the ESCV-10 version, there was 
an area under the curve (AUC) = 0.61 not 
significant (95% CI = 0.49-0.72), and for the 
ESCV-8 the ROC curve obtained indicated 
AUC = 0.63 which was statistically significant 
(95% CI = 0.51-0.74), which represented 
greater accuracy compared to the 10-item 
version (Table 1). The Youden index was 
calculated to obtain the optimal cut-off point 
in each scale,35 being 1.45 for the ESCV-10 
(sensitivity = 0.50 and specificity = 0.69) 
and of 1.43 for the ESCV-8 (sensitivity = 0.61 
and specificity = 0.61), both very close to the 
obtained means (Figure 1).

For a better reflection of the present work, 
the discussion and conclusion of both studies 
(1 and 2) were carried out jointly at the end, so 
that the study is described below 2.

Study 2. Validity of the scale in healthy 
public sector workers and cardiologists

Participants

Being an investigation of instrumental validity, a 
comparative measure was considered between 
«cases» and «no cases» for this second study. A 

Figure 1: ROC curves of sensitivity and specificity of 
ESCV-8 and ESCV-10 (study 1).
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Table 4: Correlations (r Spearman) between the ESCV and the selected cardiovascular markers (study 1).

1 2 3 4 5 6 7 8 9 10 11 12 13

1. ESCV-8 items 1.000
2. ESCV-10 items 0.991** 1.000
Systolic AP -0.115 -0.130 1.000
Diastolic AP -0.051 -0.058 0.768** 1.000
BMI 0.002 -0.018 0.272** 0.286** 1.000
Glucose 0.003 -0.003 0.096 0.068 0.163* 1.000
Total cholesterol 0.167* 0.157 0.168* 0.195* 0.109 -0.122 1.000
Triglycerides 0.020 0.015 0.286** 0.268** 0.063 0.042 0.531** 1.000
HDL 0.179* 0.173* -0.098 -0.086 0.020 -0.022 0.230** -0.356** 1.000
LDL 0.213** 0.207* 0.040 0.083 0.131 -0.117 0.847** 0.178* 0.343** 1.000
Exercise -0.289** -0.285** -0.024 -0.092 -0.150 -0.028 0.070 0.011 -0.039 0.015 1.000
Smoke 0.048 0.039 0.112 0.151 -0.017 0.032 0.062 0.186* -0.080 -0.004 -0.172* 1.000
Fatty diet 0.293** 0.305** 0.034 0.149 0.022 -0.046 0.176* 0.116 0.048 0.201* -0.228** 0.076 1.000

* p < 0.05
** p < 0.01
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total of 119 people participated, of which n = 
57 were patients with ischemic heart disease 
hospitalized for public sector workers located 
in Mexico City, who were designated as «cases» 
when clinically diagnosed by a cardiologist of the 
hospital. Additionally, and using the population 
origin of «public sector workers» as criteria, the 
«matching» strategy was used, locating apparently 
healthy people with similar sociodemographic 
characteristics to confirm the «no cases» group 
(n = 69). All the participants signed informed 
consent and the same research regulations with 
human beings followed in study 1 were respected. 
Cramer’s V analyzes by sex, age, marital status 
and schooling showed no statistically significant 
differences between these two groups (Table 5).

Instrument

The same scale of cardiovascular symptoms was 
used in its version of 8 (ESCV-8) and 10 items 
(ESCV-10) (Table 1).

Procedure

In order to fulfill the sample requirement 
necessary for the psychometric analysis (n = 
10 x item), both groups (n = 119) responded 
to the proposed scale of cardiovascular 
symptoms and proceeded with the same 
previous analyzes of study 1: descriptive 
statistics were calculated and of dispersion, the 
internal consistency of the scale was estimated 
by means of the Cronbach alpha coefficient 
(α) and omega (ω), confirmatory factorial 
analyzes (CFA) were carried out to verify the 
structural unidimensionality, then point biserial 
correlations were estimated as measures of size 
of effect and differences through t-tests to verify 
the expected discrimination (criterion validity) 
between heart disease and healthy participants, 
and finally, the sensitivity and specificity of the 
scale was estimated using ROC curves, locating 
the cut-off point using the Youden index.

RESULTS (STUDY 2)

The confirmatory factorial analyzes that sought 
to prove the same one-dimensional structure 
of the scale, showed acceptable fit indices for 
the 8-item version (CFI = 0.93, B-NNFI = 
0.90, RMSEA = 0.09) and less acceptable for 
the version of 10 items (CFI = 0.92, B-NNFI = 
0.89, RMSEA = 0.09). Likewise, although the 
Satorra Bentler fit indexes were inadequate in 
both versions (p < 0.05), it has been observed 
that this can be due to large sample sizes or 
strong correlations between the indicators, so 
as corrected additional fit index33 a lower value 
than three in the ratio between the coefficient 
χ2 and the degrees of freedom (gl) has been 
suggested, a criterion that was fulfilled in the 
two versions. Notwithstanding the foregoing, 
the χ2 test of differences between both models 
was statistically significant (p = 0.01), thus 
showing a relative improvement in the 8-item 
version. In both versions, the factorial loads 
were moderate to high (0.46-0.88) in all the 
items. In the internal consistency we found 
a α = 0.87 and ω = 0.90 for the 10-item 
version, and for the 8-item version it was 0.84 
and 0.88 respectively, without statistically 
significant differences in the α of the 2 versions 
(p = 0.31), which together can confirm a 

Table 5: Sociodemographic profile of participants in study 2.

Case No case Total
V Cramer 

(p)n % n % n %

Age (years)
Up to 45 11 19.3 18 26.1 29 23.4

0.24 (ns)46-54 20 35.1 35 50.7 55 43.7
55-64 23 40.4 13 18.8 36 28.6
More than 65   3 5.3   3 4.3   6 4.8

Sexes
0.15 (ns)Male 46 36.5 46 36.5 92 73.0

Female 11 8.7 23 18.3 34 27.0
Civil status

0.16 (ns)

Single   4 3.2 10 7.9 14 11.1
Married 44 34.9 50 39.7 94 74.6
Free union   4 3.2   4 3.2   8 6.3
Divorced   2 1.6   4 3.2   6 4.8
Widowed   3 2.4   1 0.8   4 3.2

Scholarship

0.28 (ns)

Primary   7 12.3   7 11.3 14 11.8
Secundary 13 22.8 13 4.8 16 13.4
High School 14 24.6 16 25.8 30 25.2
Graduate 20 35.1 29 46.8 49 41.2
Postgraduate   3 5.3   7 11.3 10 8.4
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high internal consistency or reliability in both 
versions (Table 6).

The t-test of differences between cases 
and non-cases showed statistically significant 
differences in both versions of the total 
scale (ESCV10 and ESCV8) in practically all 
items (except item 2), thus demonstrating 
greater symptomatology in people diagnosed 
with heart disease in comparison to healthy 
ones, which confirms the scale’s ability to 
discriminate them. On the other hand, the 
point biserial correlations were of moderate to 
high magnitude, thus confirming the criterion 
validity of the scale, even with a stronger and 
clearer tendency than in study 1 (Table 7).

Finally, the ROC curve analyzes in this 
second study showed, for the ESCV-10 
version, an area under the curve (AUC) = 0.81 
statistically significant (CI 95% = 0.73 -0.88, p 
= 0.0001), a sensitivity of 84% and specificity 

of 70%, with the cut-off point of 1.80 (Youden 
index = 0.50). For the ESCV-8 version, the 
ROC curve obtained indicated an AUC = 0.80 
which was also statistically significant (95% CI = 
0.72-0.88), a sensitivity of 80% and specificity 
of 70% with a cut-off point of 1.80 (Youden 
index = 0.50), similar to that obtained in the 
10-item version (Figure 2).

DISCUSSION

The main purpose of this study was to analyze 
the validity of a proposed scale to measure 
cardiovascular symptoms in two ways: by 
analyzing its factorial structure and internal 
consistency, on the one hand, and on the 
other, its convergence with external criteria 
of cardiovascular health, allowing in turn to 
explore its sensitivity and specificity in two 
different studies. The first study involved 

Table 6: Confirmatory factor analysis and internal consistency of the ESCV scale (study 2).

Model
Factor loading 

by item
χ2 Satorra 
Bentler/ CFI RMSEA SRMR B-NNFI

α = Cronbach’s 
alpha (CI 95%)

Omega 
(ω)

Dif. χ2 
(p)

Dif. α 
χ2

ESCV-10 
items‡

1 = 0.75
2 = 0.50
3 = 0.85
4 = 0.56
5 = 0.79
6 = 0.48
7 = 0.52
8 = 0.49
9 = 0.69
10 = 0.68

e6-e7 (0.38)

χ2 = 69.12/34
p = 0.0003

0.92 0.09 0.07 0.89 0.87 (0.82-0.90) 0.90

30.14 8  
(p = 0.01)

1.01  
(p = 0.31)

ESCV-8 
items*,‡

1 = 0.76
2 = 0.52
3 = 0.88
4 = 0.54
5 = 0.75
6 = 0.49
7 = 0.52
8 = 0.46

e6-e7 (0.38)

χ2 = 38.98/19
p = 0.004

0.93 0.09 0.08 0.90 0.84 (0.70-0.83) 0.88

‡ Covariances were released between the errors of items 6 & 7 by modification indexes.
* Without items 9 & 10.
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apparently healthy people who were unaware 
of their cardiovascular health, and as validity 
criteria, different biomarkers were used as 
cardiovascular risk factors, and in the second 
study, as a comparative validation strategy, 
healthy and patients with heart disease were 
evaluated.

The initial exploration of the first study 
showed two psychometrically vulnerable items 
(9.- «He has felt sudden weakness or that he is 
going to faint» and 10.-«He has felt pain in the 
chest before an effort that has caused him to 
stop»), so it was decided to try an 8-item version 
(ESCV-8), in addition to the original version of 
10 items (ESCV-10), in which the same validity 
scans were performed.

With regard to the reliability of the scale, 
the calculations of omega (ω) and alpha 
Cronbach (α) showed a fairly satisfactory 
internal consistency of the two versions, in 
both studies. The value ω reached a value 
of 0.90 which is considered «high» and on 
the other hand, the minimum value in the 
confidence intervals of α was always greater 

than 0.70, that is, that even the lowest value 
estimate possible in the population parameter 
(with 95% certainty) achieves the minimum 
recommended to consider this coefficient as 

Table 7: Differences between items of the ESCV scale between cardiac and healthy participants (study 2).

Items

Cases (n = 57) No cases (n = 69)

T de Student (p)
Point biserial 
correlation (r)Mean σ Mean σ

1. 	 Have you felt the sensation of 
shortness of breath when making 
an effort like climbing stairs?

3.0702 1.06670 1.8261 0.98454 -6.79 (p = 0.0001) 0.52 (p = 0.0001)

2. 	 Swelling, either in the legs, feet, 
ankles or knees

2.0328 1.16462 1.7391 1.00955 -1.49 (p = 0.13) 0.13 (p = 0.13)

3. 	 Rapid palpitations 2.9002 0.91523 1.8261 0.89042 -6.65 (p = 0.0001) 0.51 (p = 0.0001)
4. 	 Feeling that «your heart is jumping» 1.8596 1.14078 1.2464 0.60405 -3.65 (p = 0.0001) 0.32 (p = 0.0001)
5. 	 Chest pain 2.7018 1.08504 1.3043 0.62554 -8.61 (p = 0.0001) 0.63 (p = 0.001)
6. 	 Headaches 2.4386 1.22500 1.9130 0.99616 -2.60 (p = 0.010) 0.23 (p = 0.009)
7. 	 Ringing in the ears 2.1930 1.20176 1.6522 0.85451 -2.85 (p = 0.005) 0.25 (p = 0.004)
8. 	 Have you seen bright spots or lights? 2.2982 1.14899 1.6806 0.86570 -3.34 (p = 0.001) 0.29 (p = 0.009)
9. 	 Have you felt sudden weakness or 

will you faint?
2.1723 1.07189 1.5362 0.81493 -3.68 (p = 0.0001) 0.32 (p = 0.0001)

10. 	Have you felt pain in your chest 
before an effort that has caused 
you to stop?

2.3684 1.17461 1.3478 0.76362 -5.64 (p=.0001) 0.46 (p = 0.0001)

Total version ESCV-8 2.4368 0.68403 1.6485 0.60233 -6.79 (p = 0.0001) 0.53 (p = 0.0001)
Total version ESCV-10 2.4072 0.71150 1.6132 0.55122 -6.79 (p = 0.0001) 0.53 (p = 0.0001)

Figure 2: ROC curves of sensitivity and specificity of 
ESCV-8 and ESCV-10 (study 2).

Curve COR

Se
ns

iti
vi

ty

1-Specifity

Source curve
Escv-10
Escv-8
Reference line

1.0

0.8

0.6

0.4

0.2

0.0
0.0	 0.2	 0.4	 0.6	 0.8	 1.0



Juárez-García A et al. Validity, sensitivity and specificity of a scale to assess cardiovascular symptoms110

www.medigraphic.com/cmsCardiovasc Metab Sci 2019; 30 (3): 100-113

www.medigraphic.org.mx

acceptable.28,31 With the above, it can be 
concluded that the scores of the proposed scale 
have satisfactory internal consistency, reliability 
or accuracy in both versions.

Regarding factorial validity, confirmatory 
analyzes generally confirmed a one-dimensional 
structure of the scale in both versions, although 
the adjustment indices obtained and comparison 
of Satorra Bentler adjustment between models, 
showed that the 8-item version had better 
psychometric performance in the two studies. 
In particular, the 8-item version in study 1 
(apparently healthy people) had the highest 
adjustment indices, which fall within the most 
demanding criteria36 (e.g. CFI = 0.96, RMSEA 
= 0.04). On the other hand, study two showed 
a marginal to acceptable compliance in the 
adjustment indices despite the release of the 
covariance restriction between the errors 
of items 6 and 7, in particular the RMSEA 
(0.09), which refers to the amount of variance 
not explained by the model by degree of 
freedom. One possible explanation for this 
is the heterogeneity of the participants (with 
heart disease and healthy) who had to mix for 
reasons of maintaining statistical power in the 
factor analyzes. Notwithstanding the above, 
considering both studies, the indices were 
acceptable in general (in particular the ESCV-8 
version) and although the factorial loads were 
heterogeneous, they were always higher than 
0.40 in all the analyzes, which shows a good 
representation of the construction of all the 
indicators and their evident structural validity.

Regarding criterion validity or convergent, 
study 1 showed that ESCV-8 had significant 
correlations with 5 of the 11 cardiovascular risk 
indicators evaluated in the participants and the 
ESCV-10 with 4 of 11, however, the correlations 
were of low magnitudes. The area under the 
curve (AUC) was only 0.61 for the ESCV-10 
and did not reach statistical significance, and 
although in the ESCV-8 it did reach significance, 
it was barely 0.63, with a sensitivity of 0.61 and 
specificity of 0.61, so that using a cut-off point 
of 1.43 (ESCV-8), approximately 61% of the 
participants had a «high» score (≥ 1.43) when 
the biomarker (LDL) was abnormal and 61 % 
had a «low» score (< 1.42) when it was normal. 
This means that 39% of the participants who 
had pathological levels in the chosen biomarker 

had a low score on the scale, which shows a 
weak convergent validity when CVD risk factors 
were used as criterion (particularly LDL), this 
was just in the case of the «apparently healthy» 
participants in study 1.

In study 2, a more forceful validity 
scenario was presented, since the scale in 
its two versions and each one of the items 
managed to discriminate in an outstanding 
way to healthy and unhealthy people with 
similar sociodemographic characteristics, 
and the specific biserial correlations showed 
effects of moderate to high magnitude when 
cardiovascular disease was used as a criterion, 
thus confirming the criterion validity of the 
scale. The area under the curve was above 80% 
with statistical significance, and the specificity 
was 70% in both versions, the sensitivity was 
slightly higher in the 10-item version (84 vs. 80), 
so using a point of cut of 1.80, more than 80% 
of patients with heart disease had high scores, 
while 70% of participants who were healthy 
had low scores, this means that at most 20% of 
patients with heart disease (using the ESCV-8 
version) obtained low scores, which means a 
satisfactory sensitivity at the screening level, of 
the proposed scale.

The vulnerable criterion validity found 
in study 1 (unlike study 2), recalls the 
inconsistency in the literature of the accuracy 
of self-reports to assess the objective medical 
condition of people, however, this may 
perhaps be explained in part by the traditional 
influence of social desirability or willingness to 
communicate the symptoms in the participants, 
who were all men in a work context where 
culturally it is inappropriate to show weakness 
(public transport drivers). Notwithstanding the 
foregoing, it could also be valid to interpret that 
the proposed scale of cardiovascular symptoms 
allows more discernment of cardiovascular 
disease in more chronic and/or more advanced 
stages and not in people with CVD risks 
factors, since the biomarkers used in this study 
do not represent a cardiovascular disease by 
itself but just a «proxy», and also they were 
taken in a transectional way, without the 
certainty that their values were maintained 
over time, and therefore, that high levels of 
any of them mean a chronic condition (eg: 
high blood pressure ≠ hypertension). Also, 
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these results could be expected since some 
studies have shown low sensitivities (around 
33%) in the case of hypertension 9-11 and 
between 44 and 57% for biomarkers such as 
hypercholesterolemia,12,13 while for cardiac 
arrhythmias and clinically diagnosed angina 
pectoris have found sensitivities above 80%14 
and above all, in the case of more serious 
diseases such as cerebrovascular accidents or 
myocardial infarctions.14,19 This is consistent 
with the present work in the sense that the 
scale proposed was able to better discern when 
the criteria were participants diagnosed with 
the specific disease of coronary heart disease 
by a certified cardiologist (and the respective 
clinical trial cabinet) (study 2), that when only 
some blood markers of the apparently healthy 
participants were considered, which they could 
be very non-specific (unstable levels) and at 
the same time very general (cardi o-metabolic 
in general) (study 1), which also confirms what 
was said by Mackay et al20 and Cacioppo et al21 
on the accuracy of the self-report as a better 
indicator of overall cardiovascular health of a 
person (arousal level) and at the same time, it 
is a specific indicator (cardiovascular and not 
any metabolic alteration).

It is worth discussing that the apparent 
dysfunction of items 9 and 10 that led to the 
formulation of an 8-item version with better 
psychometric performance may be due to an 
error detected in its design, as they are the only 
ones that include two or more simultaneous 
affirmations in its content: 9.-weakness-faint-, 
and 10.-pain-effort-stop-. Given the above, it 
is suggested to rethink it in future studies and 
to assess its elimination, since its indicators of 
internal consistency and validity in general, 
show the possibility of improvement.

CONCLUSIONS

Finally, it can be concluded that, in general, the 
proposed scale presents satisfactory construct 
and convergent validity as a screening measure, 
although we consider that further future 
studies are necessary. In the meantime, in 
particular the ESCV-8 version could be used for 
screening or cardiovascular health screening 
in general populations with the reserves of 
the case, considering the advantages already 

mentioned (costs, speed, resources, etc.), and 
with cut-off points. that could place people in 
the following categories: «without risk» up to 
1.43; «possible risk» of 1.44 to 1.79 and «high 
risk» of 1.80 and up.

Limitations

One of the main limitations of this work is 
related to the heterogeneity and size of the 
sample, particularly in study 2, although the 
evidence of validity obtained in these two 
studies, both criterion and construct, does not 
seem to be affected by this vulnerability. Study 
1 showed the lack of incorporation of measures 
of social desirability as methodological control, 
which would give greater certainty of the 
contribution of this to the explained variance 
and the psychometric performance of the 
scale in general, which should ensure future 
studies. In the study 2 the possible impact 
of recall bias was not evaluated in cardiac 
patients, so this should be studied in the near 
future Likewise, the intrinsic limitation of the 
transectional design made it impossible to 
detect the discriminative capacity of the scale 
towards future cardiovascular health outcomes, 
so that follow-up studies are recommended 
to consolidate a predictive validity of the 
proposed scale.
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