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Abstract 
Introduction 
By definition, hypertensive cardiopathy is a series of complex and 
variable effects responsible for the chronic elevation of blood pres-
sure in the heart. It stands out within a broad spectrum of cardiovas-
cular diseases associated with hypertension.  

Objectives 

To evaluate the capacity to predict the development of adaptive 
changes to hypertensive cardiopathy within ten years following diag-
nosis of the condition, using a model based on prognostic factors.  

Methods 

A prospective cohort study was conducted in hypertensive patients. 
The patients were followed at the specialized hypertension physi-
cian’s office of the specialty policlinic attached to Carlos Manuel de 
Céspedes University Hospital, in the Bayamo Municipality, Granma 
Province, Cuba, from 1 January 2008 to 31 December 2018. 

Results 

Cox’s proportional regression model showed a significant statistical 
relationship between most of the factors and the development of the 
adaptive changes in hypertensive cardiopathy within ten years of fol-
low-up after the diagnosis of this condition. The lack of blood pres-

sure control (Hazard ratio: 2.090; confidence interval 95%: 1.688 to 2.588; p: 0.000) followed by stage 2 of hypertension (hazard 
ratio: 1.987; confidence interval 95%: 1.584 to 2.491; p: 0.000) were the main factors. Internal validation of the model, discriminant 
capacity (C- statistic: 0.897) and calibration Hosmer-Lemeshow (χ2: 5.384; p: 0.716), was acceptable.  

Conclusions 

We develop a model to predict the progression of hypertensive cardiopathy from grade I to grade IV with adequate discriminatory 
capacity. The model is based on prognostic factors, from which the characteristic effects of arterial hypertension, diabetes mellitus, 
and chronic kidney disease stood out. 
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Introduction 
The relationship between blood pressure and cardiovascular compli-
cations is continuous. However, cut-point values of blood pressure 
to be taken as high risk do not exist, which makes the distinction 
between normotension and hypertension somehow arbitrary. In 
fact, cardiovascular risk can increase from very low blood pressure 
values (systolic blood pressure greater than 115 millimeters of mer-
cury). Likewise, hypertension is defined as the blood pressure level 
in which treatment benefits (either life-style interventions or phar-
macological treatment) clearly outweigh the risks1. 

It is important to remark that hypertension seldom appears alone; 
instead, it comes frequently accompanied by other cardiovascular 
risk factors, a fact that multiplies risk. So, it is necessary to quantify 
the probability for an individual to suffer from a cardiovascular com-
plication in any given period of time for the stratification of risk in 
people with hypertension1,2. 

Hypertensive cardiopathy stands out in the wide variety of cardio-
vascular diseases associated with high blood pressure. It is defined 
as a complex and variable group of effects that causes chronic ele-
vation of blood pressure in the heart, and it is characterized by the 
presence of anatomic or biochemical signs of left ventricular hyper-
trophy or diastolic or systolic ventricular dysfunction, myocardial is-
chemia and heart rhythm disorders3,4. 

In short, high blood pressure affects relaxation of left ventricle and 
it is an important predictor of cardiac insufficiency, even if the sys-
tolic function of the left ventricle is normal and there is no prior 
myocardial infarction. Other contributing factors are fibrosis caused 
by hypertension and structural disorders of large and small vessels1,5. 

Despite the increasing number of studies about the risk factors for 
hypertensive cardiopathy and the important contribution of the 
knowledge on this topic, there exists a high prevalence of hyperten-
sive cardiopathy and an increase in patients’ mortality and incapacity. 

However, it is not known yet whether it could be possible to estimate 
the evolution of hypertensive cardiopathy from mild diastolic dys-
function to depressed systolic function by means of a model based 
on prognostic factors. 

It is taken as a point of departure that the hypothesis that a model 
based on hypertension factors, comorbidity, and biological markers 
can be used to establish the prognosis of the evolution of hyperten-
sive cardiopathy from mild diastolic dysfunction to depressed sys-
tolic function. Consequently, the study aims at evaluating the capac-
ity of a model based on prognostic factors to predict the develop-
ment of hypertensive cardiopathy with depressed systolic function 

in a ten-year period following the diagnosis of mild diastolic dys-
function. 

Consequently, with the present study we would like to evaluate the 
capacity to predict the development of hypertensive cardiopathy in 
the ten years following its diagnosis by means of a model based on 
prognostic factors. 

Methods 
Study design 

A prospective cohort study, in patients with hypertensive cardiopa-
thy, was performed at the specialized hypertension physician’s office 
of the specialty policlinic attached to “Carlos Manuel de Céspedes” 
Hospital, in the Bayamo Municipality, Granma Province, Cuba, 
from 1 January 2008 to 31 December 2018. The patients followed 
had at least four appointments per year. 

Inclusion and exclusion criteria 

The study included patients over 20 years old who suffered from 
essential hypertension and grade I hypertensive cardiopathy (dias-
tolic dysfunction without left ventricular hypertrophy, as diagnosed 
by echocardiogram). The diagnosis and classification used was based 
on the criteria proposed by the Seventh report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure6 and by the European Guidelines for the Di-
agnosis and Treatment of Hypertension1. 

Patients with ischemic cardiopathy were excluded. Despite its high 
frequency in hypertensive patients, this study aims to evaluate the 
isolated effects of high blood pressure. For this reason, the inclusion 
of patients with ischemic cardiopathy could lead to confusion. By 
the same token, patients with interventricular and atrial-ventricular 
conduction disorders were excluded. 

Likewise, patients with systematic diseases that by their natural evo-
lution or by taking medication could result in heart disease were ex-
cluded, such as: thyroid diseases, chronic intestinal inflammatory dis-
eases, collagen diseases, cancer or any other disease that by its char-
acteristics could lead to heart disease. In addition, patients found to 
be in cytostatic treatment when being evaluated for the study were 
excluded, since these drugs result in heart disease by structurally 
damaging the heart muscle. 

Patient source  

All the patients included in the cohort were selected from the spe-
cialized hypertension physician’s office of our hospital who had been 
followed-up for many years prior to the beginning of the study; the 
cohort began evaluation on 1 January 2008. 

Main messages 

• It is not known exactly which independent contribution of factors cause the evolvable changes in hypertensive 
cardiopathy—from mild diastolic dysfunction to depressed systolic function.  

• With the present study a predictive modeling of hypertensive cardiopathy risk was created.  
• The inability to use the new markers of cardiovascular risk was the main limitation of the study. 
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In the first appointment each patient was interviewed, and a thor-
ough physical exam was performed to obtain the necessary data for 
the study. Later, we performed clinical evaluations every six months 
while including the analysis of paraclinical data; meanwhile, echocar-
diogram and electrocardiogram were done yearly, unless the patient’s 
situation demanded to have them done before that time. 

During the study, all patients received an initial uniform medical 
treatment based on therapeutic protocol approved by the hospital’s 
Research Ethics Committee, which was also based on the latest sci-
entific evidence on high blood pressure6. 

The treatment was personalized according to the patient’s age, skin 
color, other risk factors and possible contraindications. On the 
whole, the treatment protocol included an angiotensin II-converting 
enzyme inhibitor plus a diuretic; antacids alone or combined with a 
diuretic or a beta-blocker alone or combined with a diuretic; or sev-
eral combinations with the drugs mentioned, according to the pa-
tient’s hypertension stage. Angiotensin II receptor antagonists and 
other therapeutic options were prescribed according to the patient’s 
tolerance and associated conditions. 

Participants 

For several years prior to the initial evaluation of the cohort, 5019 
patients were seen, 3517 (70.07%) from urban areas and 1502 
(29.93%) from rural areas—most of the patients were from the 
Granma province. With observation of the criteria previously stated, 
1637 patients were included in the study. During the ten-year follow-
up of patients by the hypertension physician’s office, there were 196 
deaths by several causes (cardiovascular complications and diseases 
were among the most significant ones) and 246 dropouts by differ-
ent reasons (they did not attend appointments anymore, moved to 
another province, or were diagnosed by an excluding condition). Fi-
nally, 1194 individuals were included in the study. 

1 January 2008 was defined as zero hour or the beginning of the 
cohort. Once the cohort was started, it was decided not to include 
any more patients (closed cohort). Each individual evaluation con-
cluded when the patient developed grade IV hypertensive cardiopa-
thy, or at the end of the ten-year follow-up period in patients who 
did not develop the condition. 

Dependent variable 

Two categories were considered: development of grade IV hyper-
tensive cardiopathy or lack of development (left ventricular hyper-
trophy with depressed systolic function). Every hypertensive patient 
was diagnosed with this condition provided that they met these cri-
teria7,8. 

The diagnosis of grade IV hypertensive cardiopathy was considered 
in all patients with left ventricular hypertrophy and left ventricle ejec-
tion fraction smaller than 35% (LVEF: percentage of blood expelled 
from the ventricle with every beat). 

The echocardiogram was done by two cardiologists specialized in 
echocardiography and with more than 15 years of experience. An 
ASAOTE Caris PLUS machine was used under the norms of the 
American Association of Echocardiography. 

 

 

 

Independent variables 

Are those factors whose influence on the onset of hypertensive car-
diopathy was under evaluation. They are described below. All varia-
bles were dichotomized. One category represented what was consid-
ered “exposed” which, according to previous knowledge, implied a 
greater likelihood for the development of grade IV hypertensive car-
diopathy. In the other category were included those considered “non-
exposed”. 

Age was quantified in years. Patients over 60 years old were consid-
ered exposed. Sex was divided by male (exposed) and female. 

Smoking was grouped into two categories: smokers (exposed) if they 
smoked daily or nearly daily cigarettes, cigars, or pipe, regardless of 
the number smoked; and ex-smokers who had quit for less than a 
year. Nonsmokers were those who were not in the habit or had quit 
for more than a year. 

Alcoholism (exposed) was considered as the ingestion of more than 
one ounce of pure alcohol daily, equivalent to an ounce (20 ml) of 
ethanol, eight ounces (240 ml) of wine, 24 ounces (720 ml) of beer, 
or 1½ ounce (45 ml) of rum. In the case of women and patients, 
underweight for their size, were considered exposed if they con-
sumed 15 ml per day or more of any kind of alcoholic beverage9. 

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. 

Excessive sodium in the diet. A subject with a salt ingestion greater 
than five grams a day was considered exposed. This is equivalent to 
more than a teaspoonful of salt, distributed among the dishes pre-
pared for lunch and dinner. Patients who consumed bakery products 
or used table salt (three or more times per week) were also included 
as exposed9,10. 

A survey was used to obtain accurate information taking into con-
sideration the amount and frequency of the foods consumed and 
their sodium content, as well as the amount of salt added while cook-
ing and at the table (Annex I). Patients who answered affirmatively 
any of the items labeled 1a, 2a or 3a were considered to have exces-
sive sodium consumption in their diet (exposed). 

To make sure that the information on the patients’ sodium intake 
was accurate, urine sodium was estimated by means of a 24-hour 
urine cytochemical test every three months; patients were unaware 
of the aim of the urine study. 

The biological markers selected as possible risk factors were choles-
terol, triglycerides, HDL-cholesterol, glycemia, C-reactive protein, 
creatinine, microalbuminuria and cholesterol/HDL coefficient. The 
blood samples for each of the laboratory tests were taken in fasting 
state (8 to 12 hours) and were centrifuged at room temperature at 
2000 rpm for 10 minutes. Creatinine, uric acid, cholesterol, HDL-
cholesterol, triglycerides and glycemia were measured using a HITA-
CHI 902® self-analyzer in the first 24 hours after their extraction; 
the first was expressed in µmol/l and the rest were expressed in 
mmol/l. All the study determinations were done by enzymatic meth-
ods. 
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The cut-points for the dichotomization of each laboratory variable 
used in the bivariate and multivariate statistical analysis were estab-
lished according to a method used to find optimum cutpoints pro-
posed in the literature explained below. In this way cut-points that 
defined the “exposed” cases at the following values were established: 
serum cholesterol greater than 4.8 mmol/l, triglycerides greater than 
1.7 mmol/l, HDL-cholesterol lower than 1.5 mmol/l, choles-
terol/HDL coefficient greater than 4, fasting glycemia greater than 
5 mmol/l, creatinine greater than 80 µmol/l and uric acid greater 
than 375 µmol/l. C-reactive protein was determined using the quan-
titative turbidimetric determination method, considering the patients 
exposed with values over 4 mg/l. 

Patients with microalbuminuria were considered exposed when their 
figures ranged from 0.02 to 0.2 g/l in 24 hours1 and it was quantified 
by means of the Microalb-Latex technique (consisting in the meas-
urement of this substance in the first morning urine void). 

The value of the quantitative variables resulted from an average of 
three results in the first three appointments during the first year after 
the patient’s inclusion in the study. 

Hypertension control: controlled patients were those with blood 
pressure figures smaller than 140 and 90 mmHg (systolic and dias-
tolic respectively) in 100% of the samples obtained in their appoint-
ments during each year of follow-up until the onset of hypertensive 
cardiopathy or until the study was concluded (at least four determi-
nations per year) under medical treatment, and not controlled if the 
patients did not meet the previous criteria9,11. 

Every patient whose blood pressure determinations were 140 
mmHg systolic and 90 diastolic or higher at the inception of the co-
hort was considered “not controlled.” This variable underwent 
changes during follow-up because some of the subjects included in 
the study were initially controlled; for this reason, time was included 
in the model as a dependent variable. 

Other blood pressure determinations from contacts with the 
healthcare system outside of the hospital outpatient department 
were, for whatever reason, also taken into account (for this purpose, 
the patients were instructed to bring, in writing, their blood pressure 
values); to guarantee the authenticity of this variable, each patient 
was given a form demanding the following information: date, time, 
blood pressure values, and the doctor’s signature and seal. This doc-
ument would be presented to the hypertension specialist on the day 
of the follow-up appointment. 

The time of evolution and the hypertension stage were also consid-
ered as possible prognostic factors. Concerning the time of evolu-
tion, the patients were grouped into two categories: patients with an 
evolution time between 5 and 14 years, and patients with more than 
15 years of evolution (exposed). Hypertension stage was classified 
according to the high blood pressure 7th report proposal (Seventh 
report of the Joint National Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure Hypertension), taking into account 
the measures proposed for the correct classification and for blood 
pressure determination6. 

For blood pressure determinations aneroid and mercury sphygmo-
manometers previously calibrated by the Territorial Quality and 
Normalization Office were used, accredited in Cuba for such pur-
poses. 

Chronic kidney disease was also considered (patients in terminal 
stage were excluded) as a kidney structural or functional lesion, 
shown by damage markers (urine, blood or images), independent of 
the cause that caused it, for a period of three or more months12. 

For the diagnosis of diabetes mellitus, independent of its type, up-
to-date diagnostic criteria were considered. (Expert Committee on 
the Diagnosis and Classification of Diabetes Mellitus)13. 

The data were obtained in different appointments by means of in-
terviews conducted by the authors with the prior knowledge and 
consent of the patients. 

Bias control 

To increase accuracy of the necessary data for the study the follow-
ing biases were considered:  

Selection biases 

The out-patient’s clinical history was used to minimize the use of 
memory. Two different authors interviewed each patient separately 
and compared their results later. Structured questionnaires were used 
to make the interviews more homogeneous. 

Information biases 

An adequate data processing and quality control was achieved by us-
ing validated measurement instruments and standardized criteria for 
sample collection. 

Accuracy biases  

The data were processed by the authors and an extrinsic biostatisti-
cian; the results obtained coincided. 

Statistical analysis  

The first step in the statistical analysis consisted of sample charac-
terization and the description of variable. For the quantitative varia-
bles, the means and standard deviation were described, as well as the 
minimum and maximum values for each distribution. For the quali-
tative variables, absolute and relative frequencies (percentages) were 
obtained. 

Bivariate analysis  

To evaluate the association among qualitative variables and the risk 
of developing grade IV hypertensive cardiopathy, Mantel’s chi-
square test was used. 

The magnitude of associations was estimated by calculating the rel-
ative risks (exposed/non-exposed) of developing grade IV hyperten-
sive cardiopathy after the first year until the end of ten years of fol-
low-up. Punctual estimations were obtained and by confidence in-
terval (95%) of the relative risks. The hypothesis that the population 
relative risk equaled 1 with a significance level of 0.05 was tested for 
each variable.  

For the bivariate analysis the quantitative variables were dichoto-
mized looking for the optimal cut-points. In the searching of possi-
ble cut-points, the most extreme values of the variables on both ends 
were not considered, that is, under percentile 5 and above percentile 
95. Likewise, due to the increased probability of type I error when 
using several hypothesis test, the following formula was used to cor-
rect it: p = −3.13 pmin (1 + 1.65 Ln (pmin)), where pmin is the 
minimum probability value obtained and p is the corrected value. 
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The C value was chosen as optimal cut-point 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 dichotomized variables14.  

So, it was selected as cut-point for each variable the value that best 
differentiated patients between those who developed hypertensive 
cardiopathy and those who did not. 

Multivariate analysis  

Cox’s proportional risk model was used with all independent varia-
bles. The regression coefficients (β), and the standard error of each 
coefficient (S) were estimated. The significance of each coefficient 
was proved (null hypothesis β=0) with Wald’s statistics and the cor-
responding square chi test. The hazard ratio as exp (B) with confi-
dence interval (CI) of 95% was also estimated. Cox’s proportional 
risk function permitted to model the prognosis of patients with hy-
pertensive cardiopathy (evolution to grade IV cardiopathy) in each 
instant of time for different co-variables. At the same time that the 
rest of the variables are controlled, the HRs estimate how many 
times the risk to develop grade IV hypertensive cardiopathy is 
greater in exposed as compared to non-exposed in each variable. 

The adjustment of Cox’s regression function, equivalent to the esti-
mation of its parameters, was done by the maximum verisimilitude 
method (omnibus test in SPSS). All patients who did not develop 
grade IV hypertensive cardiopathy during the ten years that the co-
hort lasted were considered censured cases (both bivariate and mul-
tivariate analyses were used), and those who met the exit criteria 
from the cohort were also included in the multivariate analysis as 
censured data. All the statistical calculations were done with Win-
dows SPSS software (version 25.0). 

Finally, the discriminative capacity and calibration were determined 
to evaluate the internal validity of the model. 

C statistics was calculated to evaluate the discriminative capacity of 
the prognostic model, to separate the patients who developed grade 
IV hypertensive cardiopathy from the ones who did not. C statistics 
is analogous to the area under the ROC curve, operative character-
istic of the receptor based on a logistic regression. A C statistic value 
greater or equal to 0.7 indicates a good discriminative capacity and, 
the closer to 1 the C value, the better the discriminative capacity15,16. 

A version of the Hosmer-Lemeshow χ2 statistic test (HL-statistic) 
was calculated to evaluate the model calibration capacity (or how 
close to the expected probabilities were to the actual risk). The par-
ticipants were divided into deciles according to the probabilities pre-
viewed for developing grade IV hypertensive cardiopathy, within 10 
years, using the proposed predictive model. The HL-statistic was cal-
culated to compare the differences between the expected and actual 
proportions to develop grade IV hypertensive cardiopathy. It was 
considered that an HL statistic value greater than 0.05 was indicative 
of a good calibration17. 

The use of the re-sampling technique (bootstrap) made possible to 
quantify the degree of excessive optimism of the regression coeffi-
cients and, therefore, the amount of necessary simplification to cor-
rect it. 

In this way, it was possible to distinguish the patients who developed 
grade IV hypertensive cardiopathy from those who did not develop 
the condition. The statistical analysis described above was done us-
ing the Stata 14.1 software. 

Ethics 

In the present study the basic ethical principles of the clinical and 
epidemiological research processes for observational 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 consent was obtained. They were 
also guaranteed that their personal data would not be revealed. In 
addition, the patients received pertinent treatment for their disease 
during the time that the study lasted. No patient declined to partici-
pate in the study. 

Results 
Table 1 shows the baseline values of the qualitative variables, where 
there is a slight predominance of the male sex with 50.6% of the 
sample. It is significant that in more than 40% of the patients their 
disease was not controlled and that, in spite of the insistence on the 
harmful effects of smoking, 42.7% were smokers. 

Table 1. Sample characterization. Qualitative variables. 

Variables Category Number % 
Sex Male 604 50.6 

Female 590 49.4 
Uncontrolled Hypertension Yes 479 40.1 

No 715 59.9 
Stage 2 Hypertension Yes 475 39.8 

No 719 60.2 
Microalbuminuria Yes 421 35.3 

No 773 64.7 
Excessive sodium  Yes 467 39.1 

No 727 60.9 
Smoking Yes 510 42.7 

No 684 57.3 
Alcoholism Yes 370 31.0 

No 824 69.0 
Obesity Yes 444 37.2 

No 750 62.8 
Diabetes mellitus  Yes 48 4.0 

No 1146 96.0 
Chronic kidney disease Yes 245 20.5 

No 949 79.5 

The average values of the quantitative variables are represented in 
Table 2. Pulse pressure and age were the variables with greater stand-
ard deviation, 17.86287 and 12.08650 respectively. 
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Table 2. Average values of quantitative variables.  

Variables Minimum Maximum Mean SD 
HDL 0.19 3.23 1.529 0.54666 
Triglycerides 0.13 4.77 1.717 0.78701 
Cholesterol/HDL 1.02 31.74 3.978 3.18980 
 C-reactive protein 0.10 9.70 4.139 1.86698 
Glycemia 2.60 8.40 4.694 1.00582 
Cholesterol 2.00 9.80 4.723 1.16415 
Hypertension evolution time  6.00 50.00 17.078 7.80937 
Pulse pressure 20.00 88.00 48.226 17.86287 
Age 21.00 89.00 57.850 12.08650 

 

The association between chronic kidney disease and the bad prog-
nosis of the patients with hypertensive cardiopathy is shown in Table 
3; where it is seen that a patient that suffers from this disease has a 
threefold risk of developing grade IV hypertensive cardiopathy (rel-

ative risk: 3.503; confidence interval: 2.931 to 4.187; p: 0.00). Diabe-
tes mellitus (relative risk: 2.762; confidence interval: 2.185 to 3.491; 
p: 0.00) and uncontrolled high blood pressure (relative risk: 2.758; 
confidence interval: 2.241 to 3.393; p: 0.00) were also associated to 
the mentioned risk in a very significant way.  

Table 3. Bivariate analysis of qualitative variables. 

Variables 

With hypertensive   
cardiopathy grade IV 

Without hypertensive 
cardiopathy grade IV Relative 

Risk 

Confidence Interval 95% 
p 

No. (%) N= 299 No. (%) N= 895 Inferior 
limit 

Superior 
limit 

Chronic kidney disease 
Yes 143 (58.0) 103 (42.0)  

3.503 
 

2.931 
 

4.187 
 

0.000 No 157 (16.5) 792 (83.5) 
Diabetes Mellitus 
Yes 31(64.6) 17 (35.4)  

2.762 
 

2.185 
 

3.491 
 

0.000 No 268 (23.4) 878 (76.6) 
Controlled hypertension  
Yes 194 (40.5) 285 (59.5)  

2.758 
 

2.241 
 

3.393 
 

0.000 No 105 (14.7) 610 (85.3) 
Stage of hypertension 
1 189 (39.8) 286 (60.2)  

2.601 
 

2.120 
 

3.191 
 

0.000 2 110 (15.3) 609 (84.7) 
Microalbuminuria 
Yes 170 (40.4) 251 (59.6)  

2.420 
 

1.990 
 

2.943 
 

0.000 No 129 (16.7) 644 (83.3) 
Smoking 
Yes 166 (32.5) 344 (67.5)  

1.674 
 

1.374 
 

2.039 
 

0.000 No 113 (19.4) 551 (80.6) 
Obesity 
Yes 143 (32.2) 301 (67.8)  

1.548 
 

1.275 
 

1.880 
 

0.000 No 156 (20.8) 594 (79.2) 
Excessive sodium in the diet 
Yes 143 (30.6) 324 (69.4)  

1.422 
 

1.174 
 

1.734 
 

0.000 No 156 (21.5) 571 (78.5) 
Sex  
Male 150 (24.8) 454 (75.2)  

0.983 
 

0.808 
 

1.197 
 

0.867 Female  149 (25.3) 441 (74.7) 
Alcoholism 
Yes 88 (23.8) 281 (76.2)  

0.929 
 

0.748 
 

1.153 
 

0.501 No 211 (25.6) 613 (74.4) 

 

The quantitative variable with greater influence in the development 
of grade IV hypertensive cardiopathy was the time of evolution of 
high blood pressure, with a period longer than 10 years suffering 
from this condition, increasing the risk 4.667 times (confidence in-
terval: 2.539 to 8.578; p: 0.00) followed by a C-reactive protein value 

greater than 4mg/L (relative risk: 4.534; confidence interval: 3.699 
to 5.557; p: 0.00) and glycemia greater than 5 mmol/L (relative risk: 
2.763; confidence interval: 2.279 to 3.351; p: 0.00). Table 4.  
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Table 4. Bivariate analysis of quantitative variables. 

Variables 

With hypertensive   
cardiopathy grade IV 

Without hypertensive 
cardiopathy grade IV Relative 

Risk 

Confidence Interval 
(95%) p 

No. (%)  N= 299 No. (%) N= 895 Inferior 
limit 

Superior 
limit 

Time of evolution of hypertension ≥ 15 years 
Yes 289 (28.1) 739 (71.9)  

4.667 
 

2.539 
 

8.578 
 

0.000 No 10 (6.0) 156 (94.0) 
C-reactive protein > 4mg/L 
Yes 196 (55.5) 157 (44.5)  

4.534 
 

3.699 
 

5.557 
 

0.000 No 103 (12.2) 738 (87.8) 
Glycemia > 5 mmol/L 
Yes 167 (44.5) 208 (55.5)  

2.763 
 

2.279 
 

3.351 
 

0.000 No 132 (16.1) 687 (83.9) 
Cholesterol ≥ 4.8 mmol/L 
1 163 (41.8) 227 (58.2)  

2.471 
 

2.037 
 

2.996 
 

0.000 2 136 (16.9) 668 (83.1) 
Cholesterol/HDL < 1.5 mmol/L 
Yes 146 (43.1) 193 (56.9)  

2.407 
 

1.993 
 

2.906 
 

0.000 No 153 (17.9) 702 (82.1) 
Pulse pressure > 60mmHg 
Yes 129 (40.6) 189 (59.4)  

2.090 
 

1.729 
 

2.526 
 

0.000 No 170 (19.4) 706 (80.6) 
Triglycerides > 1.8 mmol/L 
Yes 158 (36.0) 281 (64.0)  

1.927 
 

1.587 
 

2.340 
 

0.000 No 141 (18.7) 614 (81.3) 

 

The application of Cox’s multivariate model (table 5) to evaluate the 
independent effect of the variables studied on the evolution of grade 
IV hypertensive cardiopathy showed that the most important varia-
ble was uncontrolled hypertension (Hazard ratio: 2.090; confidence 

interval: 1.688 to 2.588; p: 0.000) followed by the classification of 
high blood pressure as stage 2 (Hazard ratio: 1.987; confidence in-
terval: 1.584 to 2.491; p: 0.000). 

 

Table 5. Cox’s multivariate model results. 

Variables B Standard Error p Value HR Confidence Interval (95%) 
Inferior Superior 

Uncontrolled hypertension 0.737 0.109 0.000 2.090 1.688 2.588 
Stage 2 hypertension 0.686 0.115 0.000 1.987 1.584 2.491 
Diabetes mellitus 0.562 0.194 0.004 1.755 1.201 2.565 
Chronic kidney disease  0.520 0.112 0.000 1.682 1.350 2.096 
MicroaIbuminuria 0.485 0.105 0.000 1.623 1.321 1.996 
Time of evolution of hypertension ≥ 15 years  0.399 0.104 0.000 1.491 1.216 1.827 
C-reactive protein > 4mg/L 0.285 0.104 0.006 1.330 1.084 1.632 
Pulse pressure > 60mmHg 0.278 0.106 0.008 1.321 1.074 1.625 
Smoking  0.238 0.029 0.000 1.268 1.199 1.342 
Glycemia > 5 mmol/L 0.128 0.047 0.007 1.136 1.035 1.246 
Cholesterol/HDL > 4 mmol/L 0.123 0.040 0.002 1.131 1.046 1.222 
Cholesterol > 4,8 mmol/L 0.065 0.014 0.000 1.067 1.039 1.096 
Age > 60 years  0.057 0.006 0.000 1.059 1.047 1.071 
Obesity 0.012 0.005 0.026 1.012 1.001 1.022 

 

Finally, the discriminative capacity of the elaborated model was ad-
equate (C statistic: 0.897).  

Likewise, the calibration was examined (X2: 5.384; p = 0.716), as is 
shown by Table 6. 
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Table 6. Model internal validity (calibration and discrimination). 

Steps With hypertensive cardiopathy grade IV With hypertensive cardiopathy grades I to III Total Observed Expected Observed Expected 
1 0 0.088 90 89.912 90 
2 0 0.315 119 118.685 119 
3 0 0.877 145 144.123 145 
4 0 1.848 134 132.152 134 
5 4 3.732 116 116.268 120 
6 7 6.591 89 89.409 96 
7 13 11.581 67 68.419 80 
8 64 59.173 94 98.827 158 
9 89 90.020 32 30.980 121 
10 122 124.776 9 6.224 131 
C statistics 0.897 

 

Discussion 
Hypertensive cardiopathy is one of the lesions of target organs with 
higher morbidity and mortality. Nevertheless, despite the large num-
ber of studies carried out, the independent contribution of the fac-
tors that provoke the evolvable changes of this disease is not known 
exactly. 

Both treatment and prevention are complex processes in which the 
study of the prognostic factors is crucial18. It can be expected then 
that the results of the present study contribute to the prevention of 
the evolution of grade I hypertensive cardiopathy to grade IV in pa-
tients with high blood pressure. 

Nielsen et al19 found that 12% of the patients in hemodialysis had 
cardiac insufficiency with an ejection fraction lower than 40%. 
Meanwhile, Schneider et al20 stated that 9.3% of their patients had 
dilatation of the left ventricle and hypertrophy and that, in patients 
with mild to moderate kidney disease, 7.2% had a left ventricle frac-
tion under 50%. In this study, it was found that a past history of 
chronic kidney disease is one of the most important prognostic fac-
tors, which coincides with the authors quoted above. 

Subjects with chronic kidney disease should be considered of high 
or very high cardiovascular risk, without having to apply risk scales. 
So, in presence of chronic kidney disease with FG < 60 ml/min/1,73 
m2 the subject classifies as of very high cardiovascular risk21. 

In patients with chronic kidney disease resistant and masked hyper-
tensions, as well as high nocturnal blood pressure are frequent, 
which are associated with a low glomerular filtration rate, greater lev-
els of albuminuria and organic damage22,23. 

Undoubtedly, the strong connection between renal and cardiac dis-
eases provides evidence for the complex kidney-heart interaction 
(the renin-angiotensin system, several inflammatory mediators, reac-
tive species of oxygen, provoke histological and functional changes 
which are characteristic of the hypertensive renal and cardiac le-
sion)1,3,24 which can explain the findings in this study, becoming a 
vicious cycle: the higher the blood pressure, the greater the renal and 
cardiac damage. Nevertheless, the physiopathological mechanisms 
of this reciprocal relation remain ambiguous24. 

The presence of diabetes mellitus in the hypertensive individual in-
creases the risk of myocardial function depression, as it was demon-

strated in the study. Tovillas-Moránet al25  found that diabetes melli-
tus was one of the main risk factors for cardiovascular disease in 
patients with high blood pressure. 

Other authors also coincide with our results since they found a 
higher incidence of cardiac insufficiency with reduced ejection frac-
tion in diabetic and hypertensive patients26-29. 

Disorders of cardiac metabolism are present before or simultane-
ously to declination of cardiac function, the data suggest that there 
is an excess of metabolites which are not used in the production of 
adenosine triphosphate and then oxidative stress increases, which 
can trigger inflammation and cause an early cardiac dysfunction. The 
decrease of sensitivity to insulin, hyperinsulinism, and resistance to 
insulin are facts characteristic of several processes of high cardiovas-
cular risk for hypertension and diabetes mellitus and could be the 
basis for cardiac metabolomic disorders; but this association has 
been seen only in essential hypertension, which suggests a common 
genetic component in these two conditions30,31. 

In coincidence with our study, several researchers find a relation be-
tween uncontrolled hypertension and the risk of cardiac insuffi-
ciency32-34. High blood pressure is the most important risk factor for 
cardiac insufficiency. In fact, the majority of the patients with cardiac 
insufficiency have a past history of hypertension, which causes left 
ventricular hypertrophy and, consequently, diastolic dysfunction 
which is, in turn, an important predictor of cardiac insufficiency, 
even when the left ventricle systolic function is normal and there is 
no prior myocardial infarction1. 

Other contributing factors are fibrosis resulting from high blood 
pressure and structural disorders of large and small vessels (micro-
vascular disease). Consequently, the treatment of hypertension al-
lows for control of the disease and has an important impact on re-
ducing the risk and hospitalization for cardiac insufficiency, espe-
cially in adults and the elderly1,33. These aspects can explain our find-
ings. 

As in this study, other authors36,37 confirmed that the patients with 
blood pressure values equal to or higher than 160/100 mmHg were 
associated with higher rates of cardiac dysfunction and death. These 
results indicate a continuous, consistent, and independent relation-
ship between hypertension and the risk of cardiovascular complica-
tions. High blood pressure means a greater likelihood of suffering a 
heart attack or developing cardiac insufficiency (for every increase 
of 20 mmHg in systolic arterial pressure, the likelihood is twofold)38. 
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As we had mentioned before, hypertension is an important predictor 
of cardiac insufficiency, even when the left ventricle systolic function 
is normal and there is no previous myocardial infarction1. However, 
in spite of these findings and the comments made before, it is still 
necessary to keep researching the topic, since the evolution of these 
patients from hypertension to cardiac insufficiency with depressed 
systolic function (grade IV hypertensive cardiopathy) is complex and 
the existing knowledge at present not only challenge the existing par-
adigms established for years, but also compel to seek new answers. 

The consequences of sustained chronic hypertension on the heart 
and the blood vessels have been well demonstrated. For that reason 
it is necessary to reduce systolic blood pressure below 150 mmHg in 
all patients, including patients over 60 years old1. 

An increase in albuminuria indicates a progressive impairment of the 
renal function and it is an independent and cumulative predictor of 
an increase in cardiovascular risk1. There is evidence that microalbu-
minuria is an important factor to predict cardiovascular risk. In such 
a matter, there is a high prevalence of subclinical deterioration of the 
left ventricle in subjects with microalbuminuria1,39. These facts coin-
cide with our study. 

The reduction of albuminuria has also been considered a therapeutic 
goal. In the analysis of data from clinical essays it has been found 
that changes in excretion of albumin in the urine are predictors of 
renal and cardiovascular complications1,40. However, in some studies 
in which treatment was less effective for the reduction of albuminu-
ria41, it was more effective in the reduction of cardiovascular com-
plications, and vice versa42-44. So, it has not been proven if the re-
duction of albuminuria per se can be useful for the prevention of car-
diovascular disease. 

Notwithstanding, prior to these discrepancies, the authors consider 
that the results can be explained by the close relation of microalbu-
minuria with different pathological disorders, such as insulin re-
sistance, endothelial dysfunction, dyslipidemias, sensitivity to salt 
and increase in angiotensin II. In this way, an inflammatory process 
occurs that causes dysfunction of the renal and cardiac cell mem-
branes45. 

Although it has not been demonstrated that quitting smoking de-
creases the risk for cardiac insufficiency in any condition, it is true 
that it has an epidemiological association with the onset and prog-
nosis of cardiovascular diseases; therefore, it is recommended not 
only to avoid smoking, but also to avoid exposure to tobacco smoke 
(passive smoker), since it elevates significantly the risk of cardiovas-
cular diseases. In smokers, quitting tobacco use is the most efficient 
measure to prevent cardiovascular diseases46,47 which means that this 
measure can be beneficial. What has been detailed above could be 
the explanation to our results. 

Coinciding with the present study, obesity is considered a risk factor 
for cardiac insufficiency46. The loss of weight in hypertensive pa-
tients can improve the efficacy of antihypertensive medications and 
the cardiovascular risk profile1. 

It is recommended that patients who are hypertensive, overweight, 
or obese lose weight to control factors for metabolic risk. This fact 
is important for the complex relationship between obesity and car-
diovascular diseases, as various pathological mechanisms involve 
many factors and have a complex interaction; among them sodium 

retention, resistance to insulin, subclinical inflammation, neurohor-
monal activation, high concentrations of leptin, increase of free fatty 
acid oxidation in the myocardium, and deposit of fat in the heart 
stand out, as well as the capacity of adipose tissue to synthesize a 
great deal of hormones and interleukins48-50. 

In similar fashion to our results, other studies show that there is an 
association among excessive salt in the diet, uncontrolled hyperten-
sion, and the development of hypertensive cardiopathy1,46,50. The 
link between the high intake of salt in the diet and high blood pres-
sure complications, because an increase in the plasmatic activity of 
renin and other components of the axle, reduces cerebral natriuretic 
peptide and creatinine clearance, as well as creates an increase in liq-
uid retention and arterial rigidity51. 

In this study no differences were found concerning the risk of de-
veloping grade IV cardiopathy in alcoholic individuals or by sex. Alt-
hough high blood pressure appears earlier in men, associated to 
other cardiovascular risk factors, it has been observed that after men-
opause, the risk is the same in both sexes and can be even higher in 
the female sex50. 

Regarding alcoholism, the explanation could be related to the mag-
nitude of the intake—since most of our patients were light drinkers 
and were perhaps influenced by the suggestions and sanitary educa-
tion provided by their appointments over many years. 

In hypertensive patients, long-term hypertension causes a chronic 
increase of workload for the left ventricle which produces left ven-
tricular hypertension, associated to other morphological changes 
which increase the risk of cardiac insufficiency with a conserved or 
reduced ejection fraction1,49. These aspects are consistent with our 
results. 

A constant finding in the myocardium of patients with insufficiency 
is a disorder of the deposit of type I and III of collagen fibers. These 
disorders reflect the loss of physiological balance between the syn-
thesis and degradation of the fibrillar collagen molecules, as a result 
of the fact that in the hypertensive myocardium there is a regulation 
disorder of both the factors that stimulate synthesis and inhibit deg-
radation, and the factors with opposite actions52. 

So, due to the highly versatile nature of hypertension and its pro-
gressive impact, it is necessary to change the approach from a casual 
arterial pressure to a better long-term overload profile50. 

In short, hypertension is a progressive cardiovascular syndrome in 
which the chronic effect on the heart and other organs will always 
be present, even in controlled patients. Therefore, it is necessary not 
only to focus on the control of high blood pressure but also on its 
prevention. 

Several elements can explain our results, where high levels of C-re-
active protein are associated to the development of hypertensive car-
diopathy—among them it is quoted that this biological marker 
speeds up the ventricular remodeling—increases the deterioration of 
the endothelial vasodilator function, activates platelets, and increases 
hypoxia-induced apoptosis through a dependent via of the mito-
chondria, as well as the high levels found in cardiac insuffi-
ciency50,53,54. Definitively, C-reactive protein is a biomarker of active 
vascular processes, which exerts a direct action upon the morpho-
logical and cardiac function and can contribute causally to the devel-
opment of grade IV hypertensive cardiopathy; the effects are inde-
pendent of any other cardiovascular risk factor53. 
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Concerning glucose metabolism, Cuspidi35 and Álvarez Aliaga50 
showed that values over 5 mmol/L in fasting state in non-diabetic 
but hypertensive individuals was a risk factor independent of cardi-
ovascular complications, which coincides with the findings in this 
study. 

Either alone or associated to hypertension, hyperglycemia can be re-
lated to cardiac hypertrophy interstitial fibrosis, arteriosclerosis, and 
coronary endothelial dysfunction, which predisposes to ischemia in 
absence of stenosis of these arteries. There is also a greater activation 
of the CNS, as well as disorders of the systolic and diastolic functions 
occur in absence of coronary or valvular disease53. Therefore, a gly-
cemia level even lower than the diagnostic threshold of diabetes 
mellitus is, undoubtedly, an important risk factor for hypertensive 
cardiopathy and its evolution to a final stage. 

Review of the evidence that shows the European guide about hyper-
tension1 indicates that a great number of patients with high blood 
pressure could benefit from the treatment with statins. Above all, 
patients with metabolic syndrome, diabetes mellitus, and several risk 
factors for atherosclerosis could benefit. This statement coincides 
up to some extent with our work, where higher risk for cardiopathy 
was found in patients with high cholesterol and cholesterol/HDL 
coefficient. However, high cholesterol concentrations in combina-
tion with low density lipoproteins are not frequent in cardiac insuf-
ficiency with reduced ejection fraction; patients in an advanced state 
of this condition can exhibit low concentrations of low-density lip-
oproteins, which is associated to a worse prognosis and, although 
the treatment did not reduce morbidity and mortality, it did not in-
crease the risk either, yet reduced hospitalizations46. 

It is true that the patients previously mentioned can be associated to 
worse prognoses; however, it is a fact that patients with several risk 
factors for cardiovascular diseases can benefit55,56. 

Before these differences in outcomes, the authors consider that lipid 
metabolism disorders predispose for the onset of hypertensive car-
diopathy (ventricular hypertrophy, mild diastolic dysfunction) and it 
is associated to its progression to terminal cardiopathy (grade IV) 
due to several reasons: they favor the progression of the atheroscle-
rotic lesion since it starts a local inflammatory process, worsen the 
hemodynamic and non-hemodynamic disorders, which take part in 
the genesis of hypertensive cardiopathy, and provokes the lesion of 
other organs such as the kidney. This increases the risk of greater 
cardiac lesion24,30,50. 

On the other hand, some studies associate the poor prognoses of 
patients who suffer from cardiac insufficiency with reduced ejection 
fraction with low cholesterol levels, but many of these patients al-
ready have other complications like cachexia (a generalized debilitat-
ing process of all the body compartments) which can appear in 5 to 
15% of the patients with a more advanced stage of the disease whose 
cholesterol levels is usually low46. Similarly, serious cachexia is asso-
ciated to more serious symptoms: reduced functional capacity, more 
frequent hospitalizations, and lower survival rates. And although in 
its complex etiology stand out insufficient nutrition and absorption, 
caloric and protein imbalance, anabolic hormonal resistance, dimin-
ished anabolic impulse, prolonged immobilization and lack of phys-
ical shape46. 

The arguments stated above should lead us to a reflection about the 
true value of lipid metabolism disorder and the evolvable changes of 

hypertensive cardiopathy, as well as toward new studies where the 
variable cachexia is controlled, to avoid confusion. 

Likewise, Barter et al57 have been quoted as stating that choles-
terol/HDL coefficient doubles the risk for cardiovascular complica-
tions. Meanwhile, Ashen and Blumenthal58 demonstrated that it is 
not possible to achieve a significant reduction of the atheroma 
plaques in individuals with treatment to reduce the levels of total 
cholesterol total and LDL, if the HDL values are not increased. 
These results also coincide with our findings. 

Pulse pressure (closely related to arterial rigidity) increases with age, 
both in men and women, parallel to the increase of arterial systolic 
pressure, above all in the population of individuals over 60 years old. 
Pulse pressure increase is associated to a greater cardiovascular mor-
bidity and mortality, and it is an independent marker of cardiovascu-
lar risk59,60. 

There are two main ways to explain the relation of arterial rigidity 
with cardiac dysfunction: rigidity makes the incident and the reflex 
wave travel faster, which provokes an early return of the reflex wave 
with an increase of the left aortic and ventricular pressure in the sys-
tole. An elevated left ventricular load predisposes for the develop-
ment of left ventricular hypertrophy, progressing to left ventricular 
dysfunction and cardiac insufficiency, and an unfavorable oxygen of-
fer-demand proportion. The other factor is the reduction of aortic 
pressure during diastole, which reduces coronary perfusion pressure, 
and contributes to myocardial ischemia, even in absence of an ath-
erosclerotic stenosis of the coronary artery61. 

Hypertensive patients may present atherogenic dyslipidemia, which 
is characterized by high concentrations of triglycerides and low con-
centrations of cholesterol combined with high density lipoproteins. 
These disorders are associated with higher cardiovascular risk1, 
which can explain the outcomes found in our patients. 

The present study shows the role of the hemodynamic effects pro-
duced by high blood pressure, a history of diabetes mellitus and 
chronic kidney disease as the most significant factors in the progress 
of hypertensive cardiopathy from grade I to grade IV. 

We have quoted several explanations for our results; however, it is 
important to add that the hemodynamic effects that bring about my-
ocardial hypertension, that is, the pressure overload of the left ven-
tricle reduces the maximum shortening speed with a reduction of the 
heat produced during contraction, which, although it seems to be a 
beneficial process initially, is one of the first steps towards terminal 
cardiac insufficiency62. 

Eventually, functional changes (changes in cellular permeability, in-
crease in the synthesis of intracellular proteins, and increase of the 
extracellular matrix) and structural changes (left ventricular hyper-
trophy, remodeling, fibrosis, diastolic dysfunction and microcircula-
tion dysfunction to terminal cardiopathy) of the myocardium will 
appear. These are consequences of, in part, the pressure overload 
and of, in another part, the neurohormonal activation which accom-
panies hypertension and its worse prognosis55,62-64. The previous ar-
guments indicate the importance not only of an early diagnosis of 
hypertension, but also of its strict control. Likewise, it is necessary 
to maintain the surveillance and control of diabetes mellitus and 
chronic kidney disease to standardize the medical treatment and pro-
mote changes that bring about healthier lifestyles. 
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Strengths and limitations 

We present a unique and original model, based on prognostic factors 
to predict the evolvable changes of hypertensive cardiopathy; from 
mild diastolic dysfunction to depressed systolic function. It was also 
demonstrated the pathogenic importance of the factors studied, ac-
cording to their role in the model. 

As limitations of the present study we should note that it was not 
possible to study new predictors of cardiovascular risk such as hy-
persensitive C-reactive protein, endostatin, homocysteine, among 
others. However, the long-term results of the interventions on the 
new risk markers are mostly hypothetic. Furthermore, its contribu-
tion to improve the area under the receiver operating curve is mod-
est compared to the function that includes classical factors exclu-
sively4,47. Another limitation was that it was not possible to quantify 
the excretion of daily urine sodium (only on trimestral basis) to eval-
uate salt intake more objectively. 

Conclusion 
The present study has demonstrated the role played by the effects of 
hypertension, comorbidity (diabetes mellitus and chronic kidney dis-
ease), as well as the presence of microalbuminuria as major factors 
in the progress from grade I to grade IV hypertensive cardiopathy. 
In addition, a model was obtained with adequate discriminative ca-
pacity and calibration, which can be used to predict the outcome of 
the individuals studied. 
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