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Abstract
Introduction: Hypertensive cardiopathy is the target organ lesion caused by arterial hypertension (HTN) that
exhibits the highest morbidity and mortality rates. Although the importance of hemodynamic overload exerted
by HTN on the onset of cardiopathy is well established, several non-hemodynamic factors may contribute
significantly to its development.
Objective: To evaluate the influence of different non-hemodynamic risk factors in the development of
hypertensive cardiopathy.
Methods: A prospective cohort study was carried out in hypertensive patients assisted at the specialized
arterial hypertension physicians’ office of the “Carlos Manuel de Céspedes” Specialty Policlinic attached to the
General University Hospital, Bayamo Municipality, Granma Province, Cuba from January 5, 2006 to December 31,
2015. The study included 18-to-55-year-old hypertensive patients with a stage 1 arterial hypertension diagnosis
for less than a year1.
Results: The multivariate analysis showed a significant and independent relation among the majority of the
factors studied and the risk of developing cardiopathy. The major factor was C-reactive protein (HR: 5.020; IC
95%: 3.383-7,448; p<0.005) followed by microalbuminuria (HR: 2.649; IC 95%: 1.932-3.631; p<0.005). The area
under the model ROC curve was 0.887 (p<0,005).
Conclusions: The results showed that it is possible to estimate the risk of developing hypertensive
cardiopathy with the application of the regression model to major risk factors.

Introduction
Arterial hypertension (HTN) is de ined as a systolic arterial pressure (SAP)≥140
mmHg or a diastolic arterial pressure (DAP)≥90 mmHg, according to evidence
obtained from clinical trials which suggest that in patients with these readings of
arterial pressure, reductions induced by pharmacological treatment are bene icial [1].
HTN, affects a quarter of the adult population (78 millions of adults in the United
States of America and more than 1.000 million people worldwide) [2]. In the year 2016,
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the prevalence rate of HTN in Cuba was 217.5 per 1000 inhabitants and in Granma
Province 168.3 per 1000 inhabitants [3].
This disease is the main cause of death in the world and the major complaint in
Out-patient Departments, it is the treatable and most easily recognized risk factor for
cerebrovascular accident, myocardial infarction, heart failure, peripheral vascular
disease, aortic dissection, auricular ibrillation and terminal nephropathy [2].
Consequently, HTN cannot be considered an isolated condition because, due to its
natural evolution, it increases considerably the risk of damage to different organs as
well as invalidity and death by cardiovascular causes.
Hypertensive cardiopathy is the target organ damage with the highest morbidity
and mortality. It is de ined as a group of complex and variable effects which cause
chronic arterial pressure elevation in the heart and is characterized by the presence of
anatomical and biochemical signs of left ventricular hypertrophy (LVH) or diastolic or
systolic ventricular dysfunction, myocardial ischemia and cardiac rhythm alterations
[4].
Although the importance of the hemodynamic overload caused by HTN in the
development of cardiomyocyte hypertrophy is well known, there are also important
pathological processes mediated by hormones, growing factors, cytosines and other
in lammatory molecules which, when acting upon the cardiomyocyte and the rest of
the cellular and non-cellular components of the myocardium of a hypertensive patient,
can explain the development of LVH and myocardial remodeling; a more recent
disquisition discloses the discovery of a group of genes involved in the mentioned
process [4].
For that reason, it can be stated that HTN control is not always enough to avoid these
lesions. Evidence shows that the presence of a number of factors in the hypertensive
patient increases the risk of cardiovascular complications in general and hypertensive
cardiopathy in particular, and they are independent of HTN control. Among these
factors are: age, high intake of sodium in the diet, dyslipidemias, smoking, obesity,
sedentariness and the like [1,5-9].
When these factors interact, they can cause hypertensive cardiopathy, but the
degree of in luence and independence of each has not been clearly de ined since
diverging results have been found in different studies [4-9].
For all the facts stated above, the objective of the present study is to evaluate
the in luence of different non-hemodynamic risk factors in the development of
hypertensive cardiopathy.
Methodological design

A prospective cohort study was carried out in hypertensive patients assisted at the
specialized arterial hypertension physicians’ of ice of the “Carlos Manuel de Céspedes”
Specialty Policlinic attached to the General University Hospital, Bayamo Municipality,
Granma Province, Cuba from January 5, 2006 to December 31, 2015. The patients were
evaluated in four appointments per year.
Inclusion and exclusion criteria

The study included 18-to-55-year-old hypertensive patients with a stage 1
arterial hypertension diagnosis for less than a year who did not have any clinical or
echocardiographic evidence of hypertensive cardiopathy.
For the diagnosis of HTN the measures proposed by the NYHA Seventh Report for
the correct determination and classi ication of blood pressure were taken into account
[10].
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For the arterial blood pressure determination aneroid and mercury sphygmomanometers,
previously calibrated by the Territorial Normalization and Quality Of ice accredited for this
purpose, were used.
Patients with ischemic cardiopathy or interventricular and auroventricular conduction
disorders were excluded from the study because the inclusion of subjects with this
condition might bias selection and classi ication, since it might be the result of a nondiagnosed HTN with a longer time of evolution; in addition, it was taken in consideration
that the patients did not suffer from other conditions that could cause cardiopathy, such as
myocardiopathies (in any clinical form), diabetes mellitus, thyroid diseases, chronic renal
failure, and that the patients were not being treated with cytostatic agents or suffered from
chronic intestinal in lammatory or collagen diseases.
Likewise, patients who had a diagnosis of hypertensive cardiopathy within the irst
year of follow-up were excluded from the study.
Patient source

The patients included in the cohort were referred by HTN specialists from different
health areas of our province to the hospital HTN Out-patient Department.
Every patient was submitted to detailed interview and physical examination to
obtain the necessary data for the study. Later on, clinical evaluations were done every
three months based on the analysis of the clinical data gathered; echocardiogram and
electrocardiogram were done every six months.
Patients were excluded from the cohort whenever an excluding condition appeared.
Each individual evaluation concluded at the end of the study or in the presence of a
diagnosis of hypertensive cardiopathy.
During the study all the patients received an initial uniform medical treatment
based on the therapeutic protocol approved by the hospital Research Ethics Committee
(according to the patient’s age, skin color, risk factors and contraindications. The
protocol consisted in the use of an angiotensin II-converting enzyme inhibitor plus a
diuretic; calcium channel blocker alone or combined with a diuretic; beta-blocker alone
or combined with a diuretic; and it was also kept in mind the latest recommendations
about the treatment and management of HTN) [10] to guarantee the control of arterial
pressure in the cohort patients and to make as homogeneous as possible the factors
which could have any in luence in the evolution of the disease and were not considered
in the study.
January 5, 2006 was de ined as the zero hour or beginning of the cohort. Once the
cohort had started it was decided not to include new patients (closed cohort). Every
individual evaluation concluded when the patient developed hypertensive cardiopathy
or after the ten-year period of the cohort for patients who did not develop the condition.
Sample characteristic

The cohort began with 1363 patients who were followed at the HTN physician’s
of ice for ten years: n=701 patients came from urban areas (51.43%) and n=662
patients came from rural areas (48.57%) of our province. During the study 17 patients
died of other causes than hypertensive cardiopathy and 228 dropped out for different
reasons (incorrect control of arterial pressure, non-compliance, absences to their
evaluation appointments, moving to other places, among others).
Taking into consideration the criteria previously stated, 1118 patients were
accepted; 168 (15.02%) of them developed hypertensive cardiopathy: 513 (45.9%)
male patients and 513 (54.1%) female patients). The average age was 48 years, 329
(standard deviation: 6.939); while uric acid was the biological marker with greater
standard deviation (99.81) (mean: 344.28).
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Deﬁnition of variables

Dependent variable: onset of hypertensive cardiopathy, every hypertensive patient
was diagnosed with this condition provided that in any of the follow-up appointments
they began to meet the following criteria:
LVH echocardiographic pattern: Dévereux’s formula was used [11] (LV
mass in grams)=0.8 (1.04 [left ventricular diastolic diameter+posterior wall
ventricular
diastolic
thickness+interventricular
septum
thickness]3-[left
3
2
diameter]) +0,6. Hypertrophy was considered at a value of ≥125 g/m in male and
≥110 g/m2 in female.
Diastolic or systolic dysfunction (by echocardiogram).
Arrhythmia: Persistent atrial ibrillation of long evolution and permanent
ibrillation not caused by valve diseases were considered, myocardiopathies,
myocarditis, medications and drugs. The diagnosis was based on the patient’s
ambulatory clinical history, interview and physical exam. It was later con irmed by
a standard twelve-lead electrocardiogram, according to the criteria proposed by the
American Cardiology College and the American Heart Association. Electrocardiograms
were done by the physician’s of ice nurse using a portable digital electrocardiograph
(CARDIOCID-BB, model A5102).
Echocardiograms were done by two cardiologists with more than 10 years of
experience and specialized in echocardiography. An ASAOTE Caris PLUS machine was
used following the American Echocardiography Association guidelines.
Independent variables

Included factors associated with the development of hypertensive cardiopathy that
were being evaluated and are described below.
Sex was divided into male and female
Smoking was grouped into two categories: (exposed) smokers if they smoked
cigarettes, cigars, or pipe daily or almost daily, independent of the number of units
smoked and ex-smokers, individuals who had quit the habit less than a year before,
and non-smokers, those who had never been in the habit or who had quit it more than
a year before the study.
Alcoholism was considered in men who ingested more than an ounce of pure
alcohol daily, equivalent to an ounce (20 ml) of ethanol, 8 ounces (240 ml) of wine,
24 ounces (720 ml) of beer, 1½ ounce (45ml) of rum and in the case of women and
underweight men those who consumed at least 15 ml per day [12].
Obesity was established by calculating body mass index (BMI greater or equal to
30: weight in kilograms/size in square meters) or a waist circumference greater or
equal to 102 cm for men and 88 cm for women, or when both conditions were present.
Sedentariness: Subjects were considered sedentary if they spent daily less than a
given amount of time in leisure activities that consume 4 or more metabolic equivalents
(physical activity equivalent to or greater than (in energy output) to have a brisk walk
(more than 6 km/h) or ride a bicycle at a speed between 16-19 km/h). The patient’s
profession was also taken into account. For the de inition of the variable, the patients
were asked the questions below, based on the data obtained from studies that related
sedentariness and cardiovascular diseases [12,13].
For the de inition of variables the patients were asked the questions below taking
into consideration data obtained from the analysis of studies that relate sedentariness
and cardiovascular diseases [13,14].
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1.

What kind of job do you do?

Possible answers:
•

A job that involves little or no physical activity: usually sits down or stands up
all day long or walks very little.

•

A job that demands a high energy output from the patient (example: construction
workers, farmers, stevedores, etc.).

•

What kind of physical activity do you do in your free time?

Possible answers:
•

I never exercise.

•

Some physical or sports activity (at least 25 minutes for women and 30 for men)
several times a month.

•

Regular physical activity (at least 25 minutes for women and 30 for men) several
times a week.

•

Daily physical training.

Patients who answered af irmatively items 1a and 2a were considered sedentary.
The rest of them were considered non-sedentary.
Excessive sodium in the diet. Every subject who had an ingestion of salt higher than
5 grams a day (this is equivalent to more than a level teaspoonful, distributed among
the dishes prepared for lunch and dinner) was considered exposed. As exposed were
also included those patients who consumed bakery products or used table salt (three
or more times a week) [12,15]. To obtain more accurate answers, the questions asked
about consumed food, according to amount and frequency, the amount of sodium in the
foods most frequently consumed, the amount of salt added while cooking and at the
table, and the ingestion of foods with high sodium content; to obtain this information
the following questions were used:
2. Do you (or anybody else at home) add more than a level teaspoonful of salt per
person when cooking, distributed among the dishes prepared for lunch and dinner?
Possible answers:
•

Yes

•

No

3.

Do you add salt to your food after it is cooked or do you use table salt shakers?

Possible answers:
•

Yes, every day or almost every day

•

Occasionally (less than three times a week)

•

Never

4. Do you eat salty foods? Such as preserved foods and sausages (bacon, ham,
sardines, olives, canned meat, salami, hot dogs, spiced sausage, and the like); foods that
contain salt (crackers, bread, corn lakes, peanut, among others, sauces and canned
soups, cheese, butter, mayonnaise, foods preserved in salt); other processed foodstuffs
(bottled or carbonated soft drinks, beers, pickles, arti icial lavors) or other salty foods
(soy sauce, ish sauce, tomato sauce, sauces for local dishes)?
Published: September 20, 2017

72/84

Non-hemodynamic factors associated to the risk of developing hypertensive cardiopathy

Possible answers:
•

Yes, every day or almost every day.

•

Occasionally (less than three times a week).

•

Never.

Patients who answered af irmatively any of the items 1a, 2a or 3a were considered
to have an excessive sodium intake in the diet (exposed).
The biomarkers selected as possible risk factors were cholesterol, uric acid,
triglycerides, HDL-cholesterol, glycemia, C-reactive protein (CRP), microalbuminuria
and the cholesterol/HDL quotient. Blood samples for laboratory tests were obtained
in the fasting state (8 to 12 hours), and they were centrifuged at room temperature
at 2000 rpm for 10 minutes. Creatinine, uric acid, cholesterol, HDL-cholesterol,
triglycerides, and glycemia were measured with a HITACHI 902® machine during the
irst 24 hours after extraction and the irst two ones were expressed in μmol/l and
the rest in mmol/l. Determination of all the studies were done by means of enzymatic
methods.
The cutpoints for the values of each quantitative variable were established according
to the statistical estimates calculated. Variables were categorized trying to obtain the
greatest statistical association and applicability of the results, a method which will
be explained later on. As cutpoints for the analysis were considered the following
values: serum cholesterol (hypercholesterolemia) over 4.8 mmol/l, triglycerides
(hypertriglyceridemia) greater than 1.7 mmol/l, HDL-cholesterol less than 1.5 mmol/l,
cholesterol/HDL quotient higher than 4. The cutpoint for glycemia was established
when the igures in fasting state reached values greater than 5.4 mmol/l, greater than
80 μmol/l for creatinine, and greater than 375 μmol/l for uric acid.
CRP was determined by the turbidimetric quantitative determination method and
values over 4 mg/l were considered a potential risk factor.
Microalbuminuria patients were considered exposed when their values ranged
from 0.02 to 0.2 g/l in a 24-hour period [1] and it was quanti ied by means of the
Microalb-Látex technique (measurement of the amount of this substance in morning
irst-void urine specimen). Negative: suspension that stays homogeneous for the time
the technique lasts [3 minutes]. Positive: the presence of agglutination during the
analysis indicates that albumin is present in the original sample).
The value of the quantitative variables was based on the average of all the
determinations obtained during the cohort. The data were obtained in the appointments
during the interviews done by the authors, with the patient’s awareness and consent.

Statistical Analysis
The statistical analysis started with the characterization of the sample and the
description of all the variables. The means and standard deviations were determined
for the quantitative variables, along with the minimum and maximum values of each
distribution. Absolute and relative frequencies (percentages) were obtained for the
qualitative variables.
Univariate analysis

Mantel’s chi-square test was used to evaluate the association between the qualitative
variables and the risk of developing hypertensive cardiopathy. The magnitude of the
associations was estimated by calculating the relative risks (exposed/non exposed)
of developing hypertensive cardiopathy in a period between one and ten years. The
relative risks were estimated by punctual estimations and by interval of con idence
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(95%). The hypothesis that the population relative risk was greater than one with a
signi icance level of 0, 05 was proved for each variable.
The same procedure was followed for the univariate analysis of the quantitative
variables. The variables were dichotomized looking for optimal cutpoints. In the
search of possible cutpoints the most extreme values of the on both sides were not
considered, that is, under the 5th and over the 95th percentile. Likewise, due to the
likelihood of an increase in type 1 error as a result of the use of several hypothesis
tests), the following formula was used to correct it: p=-3.13 minp(1+1.65 Ln(minp)),
where minp is the value of minimum probability obtained and p is the corrected value.
As optimal cutpoint was taken the value of C, which coincided with the highest result of
chi-square obtained (that is to say, the one with the lowest p value) for all the values of
the variables that were dichotomized. So it was selected as cutpoint for each variable
the value that best sets off the patients who developed hypertensive cardiopathy from
those who did not [16].
Multivariate analysis

Cox’s proportional risk model was used with all the independent variables,
regression coef icients (β) were estimated, as well as the standard error of each
coef icient (SE). The signi icance for each coef icient was proved (null hypothesis β=0)
with Wald’s test and the corresponding chi-square test. The hazard ratios were also
determined (hazard ratio, HR) as exp (B) with interval of con idence of 95%. Cox’s
proportional risk function permitted to model the risk of developing hypertensive
cardiopathy permanently for different covariables. The strategy of staggered selection
used was retrograde elimination.
Hazard ratios (HR) estimate how many times the risk of developing hypertensive
cardiopathy is greater in exposed subjects compared to non-exposed subjects in each
variable, while the rest of the variables are kept under control. The adjustment of Cox’s
regression function, which is equivalent to the estimation of its parameters, was dome
by the maximum verisimilitude method (SPSS omnibus test). As banned cases were
considered all the patients who did not develop hypertensive cardiopathy during the
ten-year period that lasted the cohort (both univariate and multivariate analyses were
used) and those which met the exclusion criteria were also included in the multivariate
analysis as banned data.
The model discriminative capacity was determined by the analysis of the data
generated by the ROC curve. Punctual estimations and estimations by interval of
con idence (95%) of the area under each curve were done.
Ethical considerations

In the present study all the basic ethical precepts established for the research
processes of observational clinical and epidemiological studies were met. The hospital
Board of Directors and the Ethical Committee gave their approval for it. The potentially
eligible patients were informed about the study and their consent to participate in the
study was obtained. Likewise, they were guaranteed that their personal data would not
be revealed. The patients also received the corresponding treatment for their disease
during the study. None of the patients refused to participate in the study.

Results
The baseline characteristics of the patients are shown in tables 1,2. It can be
observed that smoking (457 patients), sedentariness (449 patients) and excessive
sodium in the diet (443 patients) were among the most frequent qualitative variables
(Table 1).
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Table 1: Sample characterization. Qualitative variables N=1118.
Variables

Category

Number

(%)

Sex

Male
Female

513
605

45.9
54.1

Yes
No

457
661

40.9
59.1

Microalbuminuria

Yes
No

293
825

26.2
73.8

Alcoholism

Yes
No

326
792

29.2
70.8

Obesity

Yes
No

354
764

31.7
68.3

Sedentariness

Yes
No

449
669

40.2
59.8

Excessive sodium

Yes
No

443
675

39.6
60.4

Smoking

Table 2: Sample characterization. Quantitative variables N=1118
Variables

Minimum

Maximum

Mean

Age

19.00

55.00

48.329

Standard deviation
6.939

Cholesterol

2.00

9.20

4.517

0.970

C-reactive protein

0.10

9.30

3.773

1.756

Uric acid

109.00

765.00

331.445

92.095

HDL

0.23

2.91

1.595

0.506

Creatinine

22.00

274.00

74.053

21.676

Glycemia

2.60

8.40

4.555

0.897

Triglycerides

0.13

4.77

1.591

0.646

Cholesterol/HDL

1.17

31.74

3.614

3.214

Table 3: Univariate analysis of qualitative variables
With cardiopathy

Without cardiopathy

N= 168

N= 950

Variables

No %

No %

Yes

94 32.1

199 67.9

No

74 9.0

751 91.0

Confidence interval (95%)
Relative risk

Inferior

Superior

*p

3.577

2.720

4.704

0.000

2.414

1.813

3.215

0.000

2.350

1.763

3.134

0.000

1.870

1.420

2.464

0.000

1.455

1.102

1.921

0.008

1.059

0.783

1.433

0.711

0.863

0.651

1.145

0.307

Microalbuminuria

Smoking
Yes

103 23.3

340 76.7

No

65 9.6

610 90.4

Excessive sodium in the diet
Yes

104 22.8

353 77.2

No

64 9.7

597 90.3
Obesity

Yes

78 22.0

276 78.0

No

90 11.8

674 88.2
Sedentariness

Yes

83 18.5

366 81.5

No

85 12.7

584 87.3
Alcoholism

Yes

51 15.6

275 84.4

No

117 14.8

675 85.2
Sex

Male

71 13.8

442 86.2

Female

97 15.0

508 85.0

*0.000 indicates p<0.001.

Table 2 represents the average values of the quantitative variables. The
Univariate analysis of the qualitative variables is shown in table 3, it can be seen that
microalbuminuria was the most important factor to increase the risk of hypertensive
cardiopathy (3.577) (IC: 2.720-4.704; p: 0.000) followed by smoking (RR: 2.414; IC:
1.813-3.215; p: 0.000) and excessive sodium in the diet (RR: 2.350; IC: 1.763-3.134; p:
0.000), all signi icantly.
Table 4 exhibits the univariate analysis of the quantitative variables, its maximum
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exponent was CRP over 4 and increased the risk of developing hypertensive cardiopathy
greater than six (RR: 6.004; IC: 4.142-8.704; p: 0.000) followed by cholesterol/HDL
greater than 4 (RR: 3.956; IC: 3.040-5.147; p: 0.000) and cholesterol greater than 4.8
(RR: 2.968; IC: 2.227-3.957; p: 0.000).
Table 5 shows the result of the multivariate analysis (Cox’s proporcional regression,
retrograde staggered strategy), where can be seen the relation of each variable with
the probability of developing hypertensive cardiopathy in years, while the other
variables are kept under control. It is observed that the most relevant place was for
C-reactive protein (β: 1.613; HR: 5.020; IC del 95%: 3.383-7.448) followed in order of
signi icance by microalbuminuria (β: 0.974; HR: 2.649; IC del 95%: 1.932-3.631) and
total cholesterol (β: 0.826; HR: 2.284; IC del 95%: 1.637-3.188).
To estimate the model discriminative capacity, the ROC curve (Figure 1) was
determined and an area under the curve of 0.887 (IC of 95%: 0.863-0.912; p: 0.000)
was obtained. These results show that the capacity of the model to discriminate the
Table 4: Univariate analysis of quantitative variables.

Variables

With
cardiopathy

Without
cardiopathy

N= 168

N= 950

No %

Confidence interval (95%)
Relative risk

*p

Inferior

Superior

4.142

8.704

0.000

3.040

5.147

0.000

2.227

3.957

0.000

2.229

3.820

0.000

2.203

3.850

0.000

2.125

3.709

0.000

1.883

3.245

0.000

1.209

2.109

0.001

No %
C-reactive protein greater than 4 mg/l

Yes

137 28.9

337 71.1

No

31 4.8

613 95.2

6.004

Cholesterol/HDL greater than 4
Yes

81 38.0

132 62.0

No

87 9.6

818 90.4

3.956

Cholesterol greater than 4.8mmol/l
Yes

105 26.1

297 73.9

No

63 8.8

653 91.2

2.968

Glycemia greater than 5mmol/l
Yes

78 30.5

178 69.5

No

90 10.4

772 89.6

2.918

Creatinine greater than 99μmol/l
Yes

97 27.2

260 72.8

No

71 9.3

690 90.7

2.912

HDL less than 1.5mmol/l
Yes

96 26.7

264 73.3

No

72 9.5

686 90.5

2.807

Uric acid greater than 350μmol/l
Yes

75 27.3

200 72.7

No

93 11.0

750 89.0

2.472

Triglycerides greater than 1.7mmol/l
Yes

88 19.3

368 80.7

No

80 12.1

582 87.9

1.597

*0.000 indicates p<0.001.
Table 5: Multivariate analysis. Cox’s proportional regression.
CI (95%)

Variables

*β

†SE

p

HR

C-reactive protein>4mg/l

1.613

0.201

0.000

5.020

3.383

7.448

Microalbuminuria

0.974

0.161

0.000

2.649

1.932

3.631

Inferior

Superior

Total cholesterol>4.8mmol/l

0.826

0.170

0.000

2.284

1.637

3.188

Glycemia>5mmol/l

0.798

0.161

0.000

2.221

1.620

3.046

Cholesterol/HDL>4

0.741

0.170

0.000

2.099

1.503

2.931

Creatinine>99μmol/l

0.575

0.174

0.001

1.777

1.264

2.499

Smoking

0.542

0.169

0.001

1.720

1.235

2.394

Excessive sodium in the diet

0.403

0.170

0.017

1.497

1.073

2.088

HR: Hazard ratio. CI (95%): Confidence Interval (95%)
*Model’s estimated coefficients
†Standard error of coefficients
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Figure 1: Cox’s proportional model discriminative capacity.
Area under the curve.
Area

Standard Error

p

0.887

0.013

0.000

Confidence Interval (95%)
Inferior

Superior

0.863

0.912

probability of developing hypertensive cardiopathy better than chance is signi icantly
higher.

Discussion
Hypertensive cardiopathy comprises a broad spectrum of complications such
as LVH, left ventricle systolic and diastolic dysfunction which may bring about a
cardiac insuf iciency syndrome, sudden death, myocardial ischemia and arrhythmias,
mainly due to the hemodynamic in luence exerted by arterial blood pressure on the
myocardium [10,17,18]. However, HTN control is not always enough to reduce the
risk of cardiopathy, which means that there are several factors involved in its genesis
[4,18].
Hypertensive cardiopathy results from several simultaneous interwoven factors,
so an intensive integrated approach is required to identify the risk, in order to reduce
the long-term overwhelming clinical burden. In the context of the present study a
group of non-hemodynamic factors that increase the risk to develop this condition
were identi ied.
Microalbuminuria is considered a cardiovascular risk marker. In addition, a high
prevalence of concentric LVH and subclinical deterioration of the left ventricle has
been found in subjects with microalbuminuria [19,21]. These indings are consistent
with the present study.
The close relationship between microalbuminuria and physiopathological disorders
such as: resistance to insulin, endothelial dysfunction, dyslipidemias, sensitivity to salt
and angiotensine II increase; cause in endothelial cells, an in lammatory process that
activates proin lammatory and in lammatory mediators and growth factors, which
bring about dysfunction of cell membranes, not only in the kidneys but also in the heart
[22,23], an aspect which can explain our indings.
In conclusion, microalbuminuria not only distinguishes between the benign
increase of the glomerular blood low and glomerular capillary hypertension, but also
foretells the later development of endothelial dysfunction, arterial remodeling, LVH,
heart failure, generalized atherosclerosis and premature death [24].
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Smoking, a well-known cardiovascular risk factor, induces endothelial dysfunction
and vasoconstriction which may be related to the result of the independent association
between smoking and the lack of control of arterial blood pressure, but in controlled
patients it also plays a role in the development of hypertensive cardiopathy since it
provokes an increase in platelet aggregation, increases the production of oxygen and
cytosine free radicals, which contributes to the formation of macrophages and lipid
core; nicotine activates the sympathetic nervous system, one of the physiopathological
mechanisms of arterial hypertension and interferes in the action of several
antihypertensive drugs [4,24-26], facts which explain the indings of this study.
Direct indications of association between sodium intake and cardiovascular
diseases have been scanty and, sometimes, paradoxical, mainly due to methodological
dif iculties [28]. However, in a recent meta-analysis of prospective observational
studies [29] a higher sodium intake was associated to a greater risk of cardiovascular
diseases. Another study has demonstrated that a reduced sodium intake diminishes
the risk of developing cardiac failure [30].
The most harmful is the salt added to cooked foods (table salt in restaurants or
salty foods like sausages and pastas) [31].
A reduced sodium intake can have bene icial effects independent of the effects that
it can cause on arterial blood pressure. It reduces the risk of developing subclinical
cardiovascular diseases (LVH, ventricular ibrosis and diastolic dysfunction) [32].
Hypertensive and obese patients have a twofold risk of developing LVH4.Cuspidi
[33] showed that obesity nearly doubled the risk of biventricular hypertrophy; while
Ärnlöv [34] found it as the main risk factor among the components of the metabolic
syndrome for cardiovascular diseases.
Obesity is a risk factor for atherosclerosis due to several mechanisms; among them
outstand resistance to insulin, its common association with the metabolic syndrome,
produces dysglycosis, dyslipidemias, endothelial dysfunction and in lammation
caused by a cytosine unbalance (the harmful ones are secreted in excess [interleukins
6 and 18, alpha tumoral necrosis factor and leptin among the most important ones]
and a scanty secretion of the protective cytosines [adiponectine]) [35]. On the other
hand, genetic changes and the over expression of the activated alpha receptor of the
proliferated peroxisome, promote lipid accumulation in the heart and the development
of cardiomyopathy [36]. These data support the indings of the present study.
Another factor associated to hypertensive cardiopathy is sedentariness. The data
and extensive clinical experience have revealed the importance of physical exercise to
in luence positively the function of the left ventricle and the arthroscleroses process,
as well as to improve the prognosis after a coronary event [37].
Moderate physical exercise improves cardiac function and attenuates the
development of HTN and its complications, as it decreases oxidative stress and
in lammation, through changes in the effects of the sympathetic nervous system [38].
These evidences are coherent explanations to our results.
Differently to the indings of the present study, others authors found an association
between alcoholism and the risk of cardiovascular complications in hypertensive
patients. For instance, a transversal analysis of moderate-to-severe Chinese adult
drinkers showed greater cardiovascular complications in comparison to teetotalers
[39]; Núñez-Córdoba [40], found greater risk of HTN related to the kind of beverage
(hazard ratio=1.18) and the amount ingested (hazard ratio=1.45) while the red wine
consumption showed to be a protective factor for cardiovascular events.
However, a slight consumption of alcohol is associated to a decrease in the
incidence and mortality of coronary diseases, due to the elevation of HDL cholesterol
Published: September 20, 2017

78/84

Non-hemodynamic factors associated to the risk of developing hypertensive cardiopathy

and the favorable effect on homeostasis and its antithrombotic effect, contrary to high
consumption which may bring serious cardiovascular complications such HTN and
alcoholic cardiopathy, which combined can worsen the prognosis [41]. These aspects
suggest a probable protective effect of a slight ingestion.
Gender was not a major risk for the development of hypertensive cardiopathy.
Although arterial hypertension appears earlier in men and is associated to other
cardiovascular risk factors, it has been observed that after menopause, the risk is the
same for both sexes and it can be even greater in women9. In the authors’ view, at
present, least in our country, women share many risk factors and toxic habits which
were more frequent in men in the past.
C-reactive protein is a protein of the acute phase of in lammation, but it is also
considered a biomarker of risk for cardiovascular diseases (HTN and heart failure).
Its elevation is associated with left ventricular dysfunction and an increase of both the
morbidity and mortality in heart failure patients independent of its etiology [42-45].
Laboratory indings suggest that it is not only a biomarker but it also regulates
the AT1 receptors of angiotensin and stimulate the production of proin lammatory
cytosines and attenuates the production of nitric oxide [46,47]. In lammation is an
early process in hypertensive cardiopathy, which can explain the importance of
C-reactive protein as a predictive factor in this study. It has been demonstrated that
high values of C-reactive protein accelerate dilatation and LVH induced by pressure
overload, as well as an increase of apoptosis, perivascular ibrosis and endothelial
dysfunction; furthermore, it increases the production of 1-β interleukin, which reduces
the bioavailable nitric oxide (by inhibition of its enzyme) with hypoxia and apoptosis
of the cardiomyocytes and favors ibrosis and the development of hypertensive
cardiopathy [42,48].
Nagai [42], stated that elevated values of C-reactive protein worsen the cardiac
remodeling caused by pressure overload. It was also associated with an increase of
proin lammatory cytosines, de iciency in the production of nitric oxide and greater
activity of the rennin-angiotensin system. These factors had a synergic presentation
and became a vicious circle, where C-reactive protein could be the key factor in the
physiopathological phenomenon.
Finally, in a study that examined the relation between the increase of cardiac
remodeling and the elevated values of C-reactive protein, it was demonstrated that the
anti-in lammatory treatment with eicosapentanoic acid prevented the development of
cardiac failure, particularly that induced by pressure overload [49].
These evidences would explain the role of C-reactive protein in the genesis of
hypertensive cardiopathy.
Lipid metabolic disorders, in general, have been associated for more than 70 years
to the risk of cardiovascular diseases and their complications, particularly with HTN
and ischemic cardiopathy; however, the implication in the risk of each component
(total cholesterol, triglycerides, HDL and LDL) is different and can change with age
[50].
Both cholesterol/HDL coef icient and total cholesterol are related to the worst
prognosis in hypertensive patients. Piskorz [51], showed that elevated values of total
cholesterol increased the risk of LVH signi icantly. Other studies have stated the
direct association between elevated values of total cholesterol and the probability of
cardiovascular diseases and LVH [33,52,53]. Although these results coincide with the
eons obtained in the present series, it should be pointed out that in the latter was found
a greater association with the risk of developing hypertensive cardiopathy, probably
as a result of the cutpoints used that allowed a greater sensitivity and speci icity to this
variable.
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Lipid metabolic disorder is one of the most important risk factors for HTN and its
complications; its value resides in the effects on the acceleration of arthroscleroses of
both conditions that are boosted exponentially when they are concomitant in the same
subject [52]. Regarding glucose metabolism, Cuspidi [53], showed that values over
5.2 mmol/L in fasting non-diabetic but hypertensive people was an independent risk
factor (OR=1.28) for hypertensive cardiopathy. In diabetic patients, Felício [54], found
association between nocturnal hyperglycemia and LVH; in addition, he stated that
glucose values of 6.05 mmol/L or higher in fasting, increased the risk of cardiovascular
diseases 1.33 times compared to igures of 4.16 mmol/L in the same condition.
In the present series the tendency observed was similar, with cutpoints for glycemia
similar to the authors quoted.
Likewise, chronic hyperglycemia leads to the accumulation of the inal products of
advanced non-enzymatic glycation, where reductive sugars modify collagen and other
proteins, causing a greater rigidity of the myocardium; besides, resistance to insulin,
common in these patients, predisposes for lipotoxicity which can cause dysfunction of
the myocytes due to an increase of oxidative stress, mitochondrial disengagement and
apoptosis [54].
Hyperglycemia associated to HTN, can cause cardiac hypertrophy and interstitial
ibrosis, arthroscleroses and coronary endothelial dysfunction which predisposes for
ischemia if stenosis of these arteries is absent. There is also a greater activation of
the sympathetic nervous system, and alterations of the systolic and diastolic functions
occur in absence of valvular or coronary diseases [56,57]. Therefore, a glycemia level
even below the threshold for the diagnosis of diabetes mellitus, is undoubtedly an
important risk factor for the development of hypertensive cardiopathy. Similarly to the
present study, other authors found creatinine levels below the threshold for chronic
renal disease in patients with HTN and damage to target organs [58,59].
The kidney plays an important role in the onset and development of HTN, where
a group of complex and interwoven factors which include the rennin- angiotensinaldosterone system, several in lammatory mediators and reactive species of oxygen,
provoke histological and functional changes characteristic of the hypertensive
renal lesion. Finally, renal and cardiac tubulointerstitial ibrosis takes place and, as
a consequence, dysfunction of both organs [60,61]. Concretely, it would be another
indicator of universal endothelial functional and structural alteration and of prediction
of hypertensive cardiopathy.
Current HTN guidelines [1,63], recommend an adequate lipid control, since a
reduction in the incidence of cardiovascular diseases has been demonstrated in
patients with low plasma levels of this substance and the bene it of the treatment
with astatines; however, few studies evaluate the risk of hypertensive cardiopathy in
patients with low HDL.
Cuspidi [33], Barter [52] and Yeboah [63], for instance, found greater risk of LVH in
subjects with low HDL, which is consistent with the present study.
Although many physiopathological elements have already been explained when
dealing with the importance of total cholesterol, as well as the cholesterol/HDL
coef icient in the genesis of the damage to target organs by HTN, it should be highlighted
that high levels of HDL reduce atherosclerosis and cardiovascular complications, and
for that reason they are considered therapeutic targets, independently of the reduction
of LDL levels. It has been observed that in patients treated with astatines cardiovascular
risk has not been reduced when HDL remains low [64]. Elevated levels of uric acid was
a risk factor for hypertensive cardiopathy, and some studies [33,55], coincide with our
indings.
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Experiments in animals have permitted to identify some of the mechanisms by
which uric acid can induce cardiovascular diseases, among which are a stimulus
to the rennin-angiotensin-aldosterone system and a decrease of the endothelial
production of nitric oxide. Extended studies in humans suggest that this substance
could be related to the onset of HTN. This is, undoubtedly, a manifestation of intense
endothelial dysfunction, metabolic syndrome, oxidative stress and increase of rennin
activity in hypertensive individuals [65,66]. In fact, uric acid is not an inert molecule,
but a molecule capable of inducing a proin lammatory state and activating the renninangiotensin-aldosterone system at a vascular level [66].
As in the present series, Cuspidi [55] and Yeboah [63], did not ind any nonindependent association between high levels of triglycerides and the risk of LVH.
The results can be explained by the association of these lipids with atherosclerosis,
endothelial dysfunction and cardiac remodeling. They can increase or reduce the
supply of sterol, which causes an atherogenic in lammatory response; besides, high
levels of plasma triglyceride are associated with an HDL concomitant decrease and
with the insulin resistance la syndrome; both are markers of metabolic disorders that
contribute to a bad prognosis in hypertensive patients and predict the risk for LVH
[67,68].
The present study concludes by demonstrating the relevant role played by
C-reactive protein, microalbuminuria, total cholesterol and glycemia levels as the
main non-hemodynamic risk factors to develop hypertensive cardiopathy. During the
analysis of each factor, their in luence and importance in the genesis of hypertensive
cardiopathy were clearly explained.
The results obtained with Cox’s proportional regression allowed the analysis of
the area under the ROC curve, which demonstrate that the model, based on the most
important factors discriminates better than chance the risk to develop hypertensive
cardiopathy.
As limitations of the present study it should be pointed out that it was not possible
to study new predictors of cardiovascular risk such as hypersensitive C-reactive
protein, endostatin, homocysteine, A and B apoliproteins, among others. Likewise, it
was not possible to quantify urine sodium to evaluate sodium intake objectively.
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