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Prognostic index of hypertensive cardiopathy evolutionary changes: from 
mild diastolic dysfunction to depressed systolic function
Alexis Álvarez-Aliaga*, Liannys Lidia Naranjo Flores, Alexis Suárez-Quesada, David Salvador del Llano-Sosa, Andrés José Quesada 
Vázquez, Adonis Frómeta Guerra

Abstract: Hypertensive cardiopathy is a variable and complex group of effects that can provoke a chronic elevation 
of arterial pressure in the heart. Its morbidity and mortality are increasing. To evaluate the capacity of an index based 
on prognostic factors to predict the evolution of hypertensive cardiopathy with mild diastolic dysfunction to depressed 
systolic function. We carried out a prospective cohort study in patients with hypertensive cardiopathy, followed at the 
specialized arterial hypertension physician's office of the Specialty Policlinic attached to "Carlos Manuel de Céspedes" 
General University Hospital, Bayamo Municipality, Granma Province, Cuba. The period evaluated was from Jan 1, 2008, 
to Dec 31, 2021. The patients followed had at least four appointments per year. Index internal validity. The mean values of 
the proposed index were twice as high in patients with hypertensive heart disease with depressed systolic function (mean: 
11.05; p= 0.000) than in those who did not develop it. The optimal cutpoint was seven (sensitivity: 92.2 {IC: 88.94 to 95.42}; 
specificity: 86.7 {IC: 81.67 to 87.17}; validity index 86.7 {IC: 84.55 to 88.85}). External validity. The index showed excellent 
discriminative ability (area under the ROC curve of 0.954), and the calibration was adequate (Hosmer and Lemeshow: 
X2= 3.485; p= 0.900). The index obtained for the prognosis of hypertensive cardiopathy evolutionary changes from normal 
ejection fraction to cardiac insufficiency with reduced ejection fraction has an adequate predictive capacity and calibration, 
as well as accuracy and reliability.
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Introduction
In 2002 was demonstrated that the relationship be-

tween arterial blood pressure and cardiovascular and re-
nal complications is continuous. This fact suggests that the 
distinction between arterial normotension and hypertension 
based on arterial blood pressure cut values is somewhat 
arbitrary1-3.

Nevertheless, these arterial blood pressure cut values 
are helpful in clinical practice for several reasons, among 
which stand out the necessity of simplifying the diagnosis 
and decision-making about treatment.   

Within this range of target organ damage caused by 
HT, hypertensive heart disease stands out, defined as a 
complex and variable set of effects that cause in the heart 
the chronic elevation of blood pressure and is characteri-
zed by anatomical or biochemical signs, or even both of left 
ventricular hypertrophy or diastolic or systolic ventricular 
dysfunction, of myocardial ischemia and heart rhythm dis-
turbances4,5.

It is essential to point out that arterial hypertension sel-
dom appears alone since it is frequently associated with a 
group of cardiovascular risk factors. This aspect increases 
the probability of cardiovascular complications. Identifying 
these factors makes possible the stratification of risk of peo-
ple who suffer from this condition6-8.

Despite the new diagnostic and therapeutic develo-
pments in hypertensive cardiopathy and the increasing 

number of studies about the prognosis of this condition, it is 
necessary to continue researching the topic due to its high 
prevalence and an increase in the mortality and impairment 
of patients.

Likewise, it is not known whether an index based on 
prognostic factors can estimate the evolution of hypertensi-
ve cardiopathy with mild diastolic dysfunction to depressed 
systolic function.

In the present study, we hypothesized that an index 
based on factors specific to HT, comorbidity and biological 
markers could predict the evolution of hypertensive heart 
disease with mild diastolic dysfunction to depressed systolic 
function.

In answer to the stated hypothesis, the research aimed 
to evaluate the ability of an index based on prognostic fac-
tors to predict the progression of hypertensive heart disease 
with mild diastolic dysfunction to depressed systolic func-
tion.

Materials and methods 

Methodological Design
We carried out a prospective cohort study in patients 

with hypertensive cardiopathy, followed at the specialized 
arterial hypertension physician's office of the Specialty Po-
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liclinic attached to "Carlos Manuel de Céspedes" General 
University Hospital, Bayamo Municipality, Granma Pro-
vince, Cuba. The period evaluated was from Jan 1, 2008, 
to Dec 31, 2021. The patients followed had at least four 
appointments per year.

Inclusion and exclusion criteria
Patients over 20 years diagnosed with essential hyper-

tension and grade I hypertensive cardiopathy (diastolic dys-
function without left ventricular hypertrophy diagnosed by 
echocardiogram) was included. The diagnosis and classifi-
cation of arterial hypertension were based on the Seventh 
Report of High Blood Pressure1.  

Patients with ischemic cardiopathy were excluded from 
the research. Despite its high frequency in hypertensive pa-
tients and is one of the main causes of cardiac insufficiency, 
the present study aimed to evaluate the isolated effects of 
arterial hypertension; therefore, including patients with con 
ischemic cardiopathy could bias the results. For the same 
reason, patients with interventricular and auriculoventricular 
conduction disorders were excluded.

Likewise, it was decided to exclude patients with syste-
mic diseases who, due to their natural evolution or the use 
of different drugs in their treatment, might cause structural 
cardiopathies such as thyroid diseases, chronic bowel in-
flammatory disease, collagen disease, cancer or any other 
disease that for their characteristics could cause cardiopa-
thy. Patients who had received or were being treated with 
cytostatic agents were also excluded from the study becau-
se these drugs can cause cardiopathy by structural lesions 
of the myocardium.

Typical background of patients
The patients included in the cohort were selected from 

the specialized arterial hypertension physician's office of the 
Specialty Policlinic attached to "Carlos Manuel de Céspe-
des" General University Hospital, followed up for several 
years before the beginning of the study. The evaluation of 
the cohort started on Jan 1, 2008.

Each patient was submitted to an initial interview and 
a thorough physical exam to obtain the necessary informa-
tion. Clinical evaluations were carried out every six months. 
They included the analysis of clinical data, whereas echo-
cardiograms and electrocardiograms were done annually, 
except when the patient's situation required such studies 
done at any other time.

During the study, all subjects received an initial uniform 
medical treatment based on a therapeutic protocol accep-
ted by the Research Ethics Commission of the hospital, ta-
king into consideration the latest scientific evidence about 
arterial hypertension1. The protocol was updated as new 
recommendations appeared6,7,9.

Characteristics of the sample
Several years before the beginning of the cohort eva-

luation, 5019 patients were seen at the doctor's office. Out 
of them, 3517 (70. 07%) came from urban areas and 1502 
(29. 93%) from rural areas; most of them came from Gran-
ma Province (Bayamo, it's the capital city). Considering the 
criteria previously mentioned, 2707 patients were included 
in the study.

During the patients' follow-up (14 years) by the arterial 
hypertension doctor's office, there were 207 deaths by cau-
ses other than hypertensive cardiopathy (standing out in-
fections and other cardiovascular conditions including ictus) 
and 306 dropouts (did not attend appointments anymore, 
the onset of excludible diseases).

Jan 1, 2008, was defined as zero hours or the begin-
ning of the cohort. Once the cohort was started, it was deci-
ded not to include any more patients (closed cohort). Each 
individual evaluation concluded when the patient developed 
grade IV hypertensive cardiopathy or at the end of the four-
teen-year study period in patients who did not produce the 
condition.

To create and validate a prognostic index, the sample 
was divided into two parts; the first part was the develo-
ping simple with 1194 patients to choose the items to be 
included in the index, and it's weighing out (results already 
published8). The second part was the validation sample that 
included 1000 patients. This process was carried out using 
the algorithm included in the Windows SPSS software (ver-
sion 25.0).

In the validation sample prevailed, the male sex 
(50.8%), 60.7% of the patients had salt in their diet, and 
only 3.7% were alcoholic.

Dependent variable
Two categories were included: developing or not gra-

de IV hypertensive cardiopathy (left ventricular hypertrophy 
with depressed systolic function). For the diagnosis were 
considered all the hypertensive patients who met the fo-
llowing criteria9-11:
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Grade IV hypertensive cardiopathy: all patients with left 
ventricular hypertrophy and left ventricle with an ejection 
fraction under 35% (LVEF: percentage of blood expelled 
from the ventricle with each heartbeat).

Two cardiologists with 25 years of experience in echo-
cardiography performed the echocardiogram. They were 
using ASAOTE Caris PLUS equipment based on the gui-
delines of the American Association of Echocardiography10.

Independent variables
Those factors Cox's proportional regression8 showed to 

be associated with the development of grade IV hypertensi-
ve cardiopathy. They are described below.

Age was quantified in years. Patients over 60 years 
were considered exposed.

The smoking habit was grouped into two categories: 
smokers (exposed) if they smoked daily or nearly daily ciga-
rettes, cigars or pipes, no matter the number smoked, and 
ex-smokers for less than a year. Nonsmokers were those 
who were not in the habit or had quit it for over a year.  

Obesity was established by calculating the body mass 
index (BMI: weight in kilograms divided by size in square 
meters). Every subject with a muscular mass index greater 
or equal to 30 or with a waist circumference greater or equal 
to 102 centimeters for men and 88 centimeters for women 
was considered exposed.

The biological markers selected were cholesterol, gly-
cemia, C-reactive protein, microalbuminuria and the choles-
terol/HDL quotient. The blood samples for each laboratory 
test were obtained in a fasting state (8 to 12 hours), and 
were centrifuged at room temperature at 2000 rpm for 10 
minutes. Enzymatic methods did all the study determina-
tions.

The cutpoints for the dichotomization of each laboratory 
variable used in the statistic analysis were established ac-
cording to a method used to find optimum cutpoints propo-
sed in the literature. The most extreme values on both ends 
of the variable (under percentile 5 and above percentile 95) 
were not considered to determine the possible cutpoints.

Likewise, due to the increased probability of type I error 
when using several hypothesis tests, the following formula 
was used to correct it: p = −3.13 pmin (1 + 1.65 Ln (pmin)), 
where pmin is the minimum probability value obtained and 
p is the corrected value.

The C value was chosen as the optimal cutpoint since 
it had the highest chi-square result (that is, it was the one 
with the lowest p-value) for all the values of the dichotomi-
zed variables8. In this way, it was selected as a cutpoint for 
each variable the value that best differentiated patients who 
developed grade IV hypertensive cardiopathy from those 
who did not.

In this way, the cutpoints were established, which de-
fined the "exposed" cases at the following values: serum 
cholesterol more significant than 4.8 mmol/l, cholesterol/
HDL quotient greater than 4 mmol/l, fasting glycemia grea-
ter than 5 mmol/l. C-reactive protein was determined using 
the quantitative turbidimetric determination method. Pa-
tients with values over 4 mg/l were considered exposed.

Patients with microalbuminuria were considered expo-
sed when their figures ranged from 0. 02 to 0. 2 g/l in 24 
hours12, and it was quantified using the Microalb-Latex te-
chnique (consisting in the measurement of this substance in 
the morning first urine void.

During the first year of patient follow-up, they attended 
three appointments to obtain the quantitative variables' va-

lues (mean of the three results).
Control of HT. Controlled patients were those with blood 

pressure readings below 140 and 90 mmHg (systolic and 
diastolic, respectively) in 100% of the HT determinations 
during each year of follow-up (at least four resolutions per 
year), complying with optimal medical treatment according 
to the protocol. Those who did not meet the above criteria 
were considered not controlled12.

Other blood pressure determinations during other con-
tacts with the health system for whatever reason out of the 
hospital doctor's office were also taken into consideration 
(for this purpose, the patients were instructed to bring in 
writing their blood pressure values); to guarantee the au-
thenticity of this variable each patient was given a form de-
manding the following information: date, time, blood pressu-
re values, and doctor's signature and seal. This document 
should be presented to the hypertension specialist on the 
day of the follow-up appointment.   

The time of evolution and the hypertension stage were 
also considered. Concerning the time of evolution, the pa-
tients were grouped into two categories: patients with a time 
of evolution between 5 and 14 years (non-exposed), and 
patients with a time of evolution equal to or greater than 
15 years (exposed). The hypertension stage was classified 
according to the HTN 7th report proposal, considering the 
measures proposed for the correct classification and blood 
pressure determination1.

For the blood pressure determinations, aneroid and 
mercury sphygmomanometers were previously calibrated 
by the Territorial Quality and Normalization Office, accredi-
ted in Cuba.

Chronic renal disease was also considered (patients in 
the terminal stage were excluded) as a kidney structural or 
functional lesion, shown by damage markers (urine, blood 
or images), independent of the cause that provoked it, for a 
period equal to or greater than three months14.

To diagnose diabetes mellitus, independent of its type, 
up-to-date diagnostic criteria were considered15.

The data were obtained in the different appointments 
using interviews conducted by the authors with the patient's 
previous knowledge and consent.

Bias control
To increase the precision and accuracy of the neces-

sary data for the study the following biases were conside-
red:

Selection biases: the out-patient clinical history was 
used to minimize memory use. Two authors interviewed 
each patient separately, and their results were compared 
later. Structured questionnaires were applied to make the 
interviews more homogeneous.

Information biases: control of these biases was achie-
ved using validated measurement instruments and standar-
dized criteria for sample collection.

Accuracy biases: the data were processed by the au-
thors, and an extrinsic biostatistician and the results obtai-
ned coincided.

Adequate data processing was guaranteed with quality 
control.

Statístic analysis
The statistic analysis started with sample characteriza-

tion (validation) and the description of all the variables. The 
means and standard deviations for the quantitative varia-
bles were described, as well as the minimum and maximum 
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values for each distribution.
For the comparison of the samples of developing pro-

cesses8 and validation, Pearson's chi-square was calcula-
ted for the qualitative variables and the Student's t test for 
was calculated for the quantitative variables provided that 
there was a normal distribution (evaluated by the determi-
nation of Kolmogorov-Smirnovy normality test, Levene's 
variance homogeneity test) Mann Whitney's U for those 
quantitative variables whose distribution was different to 
normal. The analysis made it possible to evaluate whether 
there were significant differences between the two samples.

Index construction
It was considered that the index should contain items 

that could be integrated into a global index that would take 
the form of a linear combination between the items: I= 
W1X1+W2X2+……+ WKXK.

Xi is the i-esimal variable to constitute a risk factor in 
each statistic analysis, and Wi is the "weight" chosen for 
that variable. Thus, selecting the items that would make up 
the indicator was considered for the construction stage.

The index was derived from a Cox's proportional re-
gression analysis of a cohort carried out previously in the 
same population where the sample was obtained (for ten 
years)8 taking the cutpoints which would make the greater 
contribution to the model and that, at the same time, was 
clinically significant. Each variable ascribed to the model 
was assigned a score based on the hazard rate (HR) value 
and approximated to whole numbers. Later, the hazard was 
classified on an ordinal scale by dividing the index distribu-
tion into four zones delimited by the percentiles 10, 50 and 
90. In this way, a risk index was proposed. It can be des-
cribed as an ordinal variable with four categories from minor 
to significant risk (category I {low}: 0 to 3 points; category II 
{moderate}: 4 to 6 topics; category III {high}: 7 to 9 points; 
category IV {very high}: 10 to 19 points).

Index internal validation
Once the index had been constructed, the predictive 

capacity was calculated: sensitivity, specificity, false posi-
tive rate (1- Specificity), positive predictive value, negative 
predictive value, the positive and negative likelihood ratio 
and the overall accuracy of the test. We also determined the 
Youden index to evaluate the optimal cut-off point (it allowed 
us to classify its performance: sensitivity + specificity - 1).  

Index external validation
Its content, presentation, construction and criterion va-

lidity were evaluated.
Content and presentation validity: 
Expert consultancy. Out of 35 possible experts exami-

ned 10 of them were selected, using the preference qualy-
metric method, based on the determination of the expert's 
competence and their willingness to cooperate with this 
study. Based on the K coefficient, the expert's self-evalua-
tion of the study was used to obtain scores between 0.7 
and 1.

Calculation of K coefficient: K= ½ (Kc + ka) for 35 pos-
sible experts.

Where Kc is the expert's knowledge or information co-
efficient about risk factors for hypertensive cardiopathy, cal-
culated based on the expert's awareness in a scale from 0 
(total unawareness) to 10 (maximum awareness) and then 
it is multiplied by 0.1.

And Ka is the argumentation or elaboration coefficient 

of the criteria determined as a result of the addition of the 
points obtained in a table.

Calculations were made for each case to obtain each 
expert's argumentation coefficient, and the 10 experts with 
the highest competence were chosen. All of them ranged 
from 0.8 to 1 point, which suggested that their competence 
levels ranged from medium to high. The remaining 25 can-
didates whose competence level was lower than 0.8 were 
excluded. Each expert was consulted individually and anon-
ymously using a guide created for this purpose.

Out of the 10 experts used: five of them were first and 
second-degree specialists in Internal Medicine. The test 
was performed by doctors of medical sciences and full pro-
fessors and researchers with 15 to 25 years of experience 
in health care, teaching and research.  

The experts have consulted anonymously based on 
their knowledge and experience in HTN. The experts ex-
pressed their opinions about the degree of accomplishment 
of the five basic properties that should be met by indexes16. 
Each expert was given an information gathering form to be 
filled in accompanied by a written explanation of the mea-
ning of the aspects they were expected to evaluate.

The experts stated their opinions about the degree ac-
complishment of each element according to 3 possibilities: 
nothing, moderately or very much. The aspects of being 
evaluated were: understanding of the different items to be 
assessed concerning the phenomenon to be measured, 
whether an index can be derived that distinguishes the di-
fferent prognostic categories if the presence of each item in 
the instrument is justified16.

Construction validity: to evaluate this indicator, it was 
taken into account that the greatest morbidity correspon-
ded to patients classified in the highest risk categories. 
The association between the ordinal index and the risk of 
developing grade IV hypertensive cardiopathy was evalua-
ted based on calculating the coefficient of association for 
ordinal and nominal variables, Eta. The comparison of the 
average index values among patients with grade IV hyper-
tensive cardiopathy and without it was determined using the 
Student's t-test for independent samples.

Index discrimination capacity and calibration
Data analysis permitted to obtain of the data for the 

construction of the ROC (Receiver Operating Characteris-
tics) curve and to determine the index discriminative capaci-
ty. A value under the area of the ROC curve greater or equal 
to 0.7 indicates good discrimination capacity17,18.

Calibration was also estimated employing the Hosmer 
and Lemeshow test, with a contrast of 10 cutpoints among 
the observed and expected results. A test value greater than 
0.05 means a good calibration.

Accuracy and exhaustiveness determination
Accuracy was calculated to estimate if the positive pre-

dictions obtained with the index were correct; also, exhaus-
tiveness was determined to identify whether any bias was 
present in positive or negative values. High values in both 
measurements guarantee that the model does not introduce 
any bias toward positive or negative classes, respectively.

The Gine index was used as a complement to determi-
ne the index score differences between the patients with a 
bad prognosis (evolution to hypertensive cardiopathy with 
depressed systolic function) and those with favorable evo-
lution.

The Kolmogorov-Smirnov test was used to contrast 
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whether the observations would reasonably result from the 
specified distribution.

Internal reliability and consistency
It was obtained by determining the Agreement among 

ten doctors who acted as "judges" and applied the instru-
ment separately to the forms used for the validation sample. 
The low correlation coefficients for all the possible pairs of 
judges were obtained. The association between the index 
categories and the probability of developing hypertensive 
heart disease was determined by the Kappa coefficient by 
more than two judges and the Kappa coefficients for each 
level. Statistical significance was calculated by categories 
for global Kappa and for each individual Kappa.

The reliability coefficients R and R2 were also determi-
ned to know how much of the total variation was due to the 
patients. Finally, the general Cronbach's alpha coefficient 
and the standardized alpha were used to evaluate internal 
consistency.

Ethical considerations
In the present study, the fundamental ethical principles 

of clinical and epidemiological research processes for ob-
servational studies were met. The Board of Directors and 
the Ethics Committee of the hospital gave their approval for 
the study. Potentially eligible patients were informed about 
the study, and their written consent was obtained. They 
were also guaranteed that their personal identity and data 
would not be disclosed. The patients also received appro-
priate treatment for their condition during the time that the 
study lasted. None of the patients declined to participate in 
the study.

Statistical processing was done using the Windows 
SPSS (version 25.0) computer software.,

Results
The index was validated in 1000 patients from a 14-

year follow-up cohort. Its baseline characteristics are shown 
in Table 1.

Table 2 shows the comparison between both samples 
(development8 and validation) and no significant differences 
were found.

The index was constructed through a  variable selec-
tion process and their punctuation, based on the results ob-
tained from Cox's proportional regression  (data published 
in the Mewade Journal)8. For this purpose, the HR values 
approximated to whole numbers were used (Table 3).

Table 4 shows the index with each of the items and 
their weighing-out. It also presents the four risk catego-
ries, showing high morbidity in categories III and IV. This 
fact should be highlighted since it indicates that the index 
permits a good classification of the patients with the worst 
prognosis¸ so much so that out of the patients classified in 
category IV, 86.66% developed hypertensive cardiopathy 
with depressed systolic function.

The average values of the proposed index were signi-
ficantly higher (p= 0.000) in patients who developed hyper-
tensive cardiopathy with depressed systolic function (mean: 
11.05) than those who did not (mean: 4. 61).

The internal index validation is represented in Table 5. 
The optimal cutpoint was seven (sensitivity: 92.2 {CI: 88.94 
to 95.42}; specificity: 86.7 {CI: 81.67 to 87.17}; validity index 
de 86.7 {CI: 84.55 to 88.85}). However, cutpoint 10 was the 

one that showed the best positive plausibility rate, which 
means that the probability of a patient classified as high risk 
to develop hypertensive cardiopathy with depressed systo-
lic function is 30 times greater than in patients classified 
with lower risk. The Youden index shows that the test output 
is adequate, where the optimal cutpoint was 7 (Youden in-
dex: 0.77; CI: 0.73 to 0.81). 

External validation
The index components were submitted to the specia-

lists' consideration for the analysis of presentation and con-
tent validity. It stands out that 90% stated that the content 
was derivative from the obtainable data and that the com-
ponents had been clearly defined. 80% of them agreed that 
the index items were utterly justifiable.

The construction validity (Table 6) was demonstrated 
by the Eta coefficient value (0.720). 96.58% of the patients 
with hypertensive cardiopathy with depressed systolic func-
tion were classified in categories III and IV.

Figure 2 shows that the index discriminating capacity 
was excellent, with an area under the ROC curve of 0.954.

Table 7 shows that the index has an adequate calibra-
tion (Hosmer and Lemeshow: X2= 3.485; p= 0.900) where 
there was a matching relationship between observed and 
expected cases in all risk levels.

The index accuracy was evaluated in Figure 3; for cu-
tpoint 7, accuracy was 0.711 and an exhaustivity of 0.922. 
The Gini index was 0.908, showing the index score differen-
ces (high) between the patients with bad prognosis (evo-
lution to cardiopathy with depressed systolic function) and 
those with favorable development. The Kolmogorov-Smir-
nov test (0.766) demonstrated that the observations could 
reasonably come from the specified distribution.

The reliability coefficient (R) value showed that the ma-
jor part of the index variation was significantly due to the 
patients (R= 0.903; p=0.000). Correlation coefficients for all 
pairs of observers were 0.949 or higher and statistically sig-
nificant (p: 0.000). Agreement was demonstrated in the 10 
pairs of "judges" for all the categories (all of them over 0), 
the global kappa coefficient was 0.979 (p: 0.001).

The Cronbach's alpha coefficient to evaluate internal 
consistency was adequate (0.811). None of the items had 
values under 0.35, which shows that the index items mea-
sure what is intended to be reckoned with them.   

Finally, the determination coefficients (R2) were also 
calculated as part of this process. As seen in Table 8, the-
re was an excellent correlation between each item and the 
rest.

Discussion
Hypertensive cardiopathy is one of the lesions to target 

organs caused by arterial hypertension with high morbidity 
and mortality; hence, a correct stratification of its prognosis 
is significant but, at the same time, a complex task.

As a matter of fact, in the natural evolution of hyperten-
sive cardiopathy, some changes range from a standard or 
lightly depressed ejection fraction to a cardiac insufficiency 
with reduced ejection fraction, and it is precisely this evolu-
tionary change the that renders the worst prognosis in com-
parison with patients who remain stable19.

In the same way, it is a fact that the population aging, 
the increase of life expectancy and the increment in the pre-
valence of comorbidities will boost the number of hospitali-
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zations by cardiac insufficiency in the future, perhaps up to 
50% in the next 25 years19-21.

For that reason, it is necessary to have tools available 
that permit to estimate the prognosis of patients with this 
frequent condition in an objective manner; so with this pur-
pose in mind, the present authors designed an index taking 
as a point of departure the results previously obtained in a 
model derived from a Cox's proportional regression8, which 
contains 14 items that fitted the context where the studied 
was done and responded to a probabilistic need of morbidi-
ty in vulnerable populations.

The index items and their weighing out are entirely justi-
fied from the physiopathological, clinical and practical points 
of view, as it is evidenced by different studies6-9,19,21-25.

An index based on a cohort has never been used to 
predict the evolutionary changes of hypertensive cardiopa-
thy from diastolic dysfunction to cardiac insufficiency with a 
reduced fraction ejection.

In this sense, it should be emphasized that although 
there are tools available to estimate the risk of dying for 
patients with acute or chronic cardiac insufficiency24-27, it 
does not seem advisable to use them to predict the evo-
lution of hypertensive cardiopathy; because even though it 
shares several prognostic factors, in the present study were 
evaluated the effects per se of HTN and associated factors 
which are partially responsible for the structural and functio-
nal changes of the myocardium present in the hypertensive 
patient4,8.  

Table 1. Sample characterization. Baseline values.
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The construction stage showed that the proposed could 
adequately predict the evolutionary changes of hypertensi-
ve cardiopathy; the worst index's major punctuation will be 
the prognosis. This aspect is entirely justified by the phy-
siopathologic importance of each item in greater risk8,19,21-26.   

The construction stage showed that the proposed in-
dex's high negative predictive values in each cutpoint in-
dicate that the index ice is unlikely to be classified as low-
risk individuals with the worst prognosis. The present study 
suggests that patients must be classified as high risk from 
the seven points obtained in the index since the evolution to 
grade IV hypertensive cardiopathy is very likely. Therefore 
in these patients, it is paramount to act timely to control or 
minimize the effects of the factors of the dire prognosis.

For the presentation and content validity, an extensive li-
terature review was carried out, and it was corroborated that 
the factors considered in the present study are used to pre-
dict the evolution of cardiovascular diseases and others are 
considered important markers of risk of dying1,7-11,13-15 
nowadays.

This process may be challenging to evaluate, but clear-
ly defined variables were selected for the index, and expe-
rienced professionals in the field were used. It was taken 
into account that an expert in the topic may point out a rela-
tionship between what the study mastery represents for him 
and the items contained in the indicator16. The result of this 
study was considered adequate.

In addition, there is a strong relationship between the 
worst prognosis and the categories of the proposed index, 
as demonstrated by the values   of the Eta coefficient ( worst 
prognosis in the patients classified in categories III and IV); 
although they do not reflect the exact value of the progno-
sis, they are considered acceptable, easy to use and repro-
duce; in addition, the variables and their selected values are 
reasonable and are based on the pathogenic importance of 
each of the factors quoted in the literature2-4,7-9,19-24.

The index discriminative capacity and its calibration 
show that a tool could identify patients with the worst prog-
nosis better than chance. Undoubtedly, the index can as-
sign the correct result to a couple of subjects selected at 
random; that is, it permits the classification of the issues in 
the context of appraisal criterion with binary prediction. In 
this sense, it should be emphasized that the results mentio-
ned above have a pathogenic base centered on the factors 
that point to the worst prognosis8,19,22-25.

The proposed index also disclosed adequate accuracy 
and exhaustivity since it was shown that the patients with 
the worst prognosis always had higher scores. The results 
of this study have discarded the existence of a   significant 
error in the classification of patients that would suggest 
avoiding its use in medical practice.

The correlation coefficients obtained with the Agree-
ment between judges and the kappa coefficient were ade-
quate according to the literature28-30. They reveal that after 

Table 2. Comparison of developing samples and index validation.

Prognostic index of hypertensive cardiopathy evolutionary changes: from mild diastolic dysfunction to depressed systolic function
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a short training period, the doctors assisting patients with 
hypertensive cardiopathy can use the index to predict the 
evolutionary changes of hypertensive cardiopathy with mini-
mum error. It is essential to point out that these coefficients 
are very high for categories III and IV, which is very relevant 
because these patients are precisely the ones who need a 
better classification.

The internal consistency of the index was shown with 
the value reached by Cronbach's Alpha coefficient (accor-
ding to different studies31-33). Each of the items used in the 
index measures what is really intended to be measured by 
them; that is, they can be used to predict the evolutionary 
changes of hypertensive cardiopathy with mild diastolic dys-
function to depressed systolic function.

The elements of statistical reference of the proposed 
index have proved to have a high predictive capacity based 
on their good discrimination and calibration, as well as their 
internal consistency, showing feasibility and safety for its 
use in medical practice.

The proposed index uses variables that are available 
in doctors' offices, and this makes possible its application 
in the management of hypertensive patients. In addition, it 
can be used quickly and economically and provides risk ca-
tegories with an acceptable performance that can impact 
decision-making and the patient's final clinical result.

It should be insisted that the estimation of the progno-
sis of hypertensive cardiopathy is complex. Despite the new 
treatments, many patients end up with terminal cardiopathy. 
Therefore, we must use tools like the one we are proposing 
to objectively evaluate the medical care provided to hyper-
tensive patients in general and hypertensive cardiopathy 
patients in particular.

Conclusions
In short, with the present study, we propose an index 

to predict the evolutionary changes of hypertensive cardio-

Table 3. Results of the application of Cox's proportional multivariate model.
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Table 4. Prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to depressed systolic 
function.

Table 5. Cutpoints of the prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to 
depressed systolic function. Internal validity.

pathy with mild diastolic dysfunction to cardiac insufficiency 
with reduced ejection fraction Based on previous research8. 
The adequate predictive capacity, calibration, accuracy and 
reliability suggest that the index can be used as a clinical 
and epidemiological surveillance instrument by identifying 
the subjects with the worst prognosis.

Novelty and limitations
The novelty resides in the fact that the proposed index 

is unique. It does not improve or perfect any existing index 
on cardiac insufficiency. It personalizes the patient's evalua-
tion and involves only one cardiovascular event (hyperten-
sive cardiopathy). It is not one more general model than the 

different ones previously published.
Its limitation, however, is that its application in mana-

ging hypertensive patients will depend on the doctors' skills 
to make good use of it.
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Table 6. Relationship between the index categories and the risk of hypertensive cardiopathy and depressed systolic 
function.

Figure 2. Prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to depressed systolic 
function. Evaluation of the index discriminative capacity.
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Table 7. Prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to depressed systolic 
function. Calibration.

Table 8. Elements of internal consistency for the simple index through correlation and determination coefficients.
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Figure 3. Prognostic index of hypertensive cardiopathy evolutionary changes: diastolic dysfunction to depressed systolic 
function. Evaluation of the index accuracy.
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