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ABSTRACT
Introduction: Prehypertension, being a precursor of clinical
hypertension, is one of the important public health challenge
all over the world. It is not only associated with unwanted cardiac morphological and functional remodeling, but also with
many other co-morbidities. Hence, the study was planned to
evaluate the effect of prehypertension on cardiovascular and
echocardiographic parameters.
Material and Methods: 30 prehypertensive males of age
group 24.00 ± 2.38 years were included in the study. Another
30 apparently healthy males of age group 23.57 ± 1.83 years
served as controls. Relevant medical history and anthropometric variables were taken. Cardiovascular and echocardiographic parameters were recorded for each of the subject.
Results: The prehypertensives were found to have statistically very highly significant higher values of resting SBP,
DBP, MAP (mean arterial pressure), heart rate and rate pressure product. They also had statistically very highly significant higher values of interventricular septum thickness, left
ventricular posterior wall thickness and left ventricular end
systolic diameter.
Conclusions: The study thus showed that prehypertension
was associated not only with significant cardiovascular load,
but also with abnormal cardiac morphological and functional
remodeling.
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INTRODUCTION
Prehypertension is one of the important public health challenges, all over the world. It is responsible for approximately
62% of cardiovascular disease (CVD) and 49% of ischemic
heart disease as per WHO.1 The term prehypertension was
coined in 1939 in context of some early studies that linked
high blood pressure recorded for life insurance purposes
to subsequent mortality and morbidity.2 The seventh report
of the Joint National Committee on prevention, detection,
evaluation and treatment of high blood pressure, suggested a
new classification for high–normal blood pressure levels-the
prehypertension. It is defined as a condition, which heralds
hypertension and may be considered as a starting point in
cardiovascular disease continuum.3
Due to the change in life style patterns and increase life expectancy, the risk of prehypertension, hypertension and cardiovascular diseases is highest in affluent urban population
in the developing countries of Asia and Africa. The prevalence of prehypertension is higher in males, in the age group
of 30-39 yrs as reported by National Health and Nutrition
Examination Survey (NHANES).4 Also, the prevalence of
prehypertension (36%) was highest in the same age group of
30-39 years among the urban young adults in North India.5

As compared to normotensive counterparts, prehypertensives have been shown to have significant higher values of
resting SBP (systolic blood pressure), resting DBP (diastolic
blood pressure), resting MAP (mean arterial pressure), resting pulse pressure, resting heart rate and resting rate pressure
product.7 It has also been reported to have unwanted cardiac
morphological and functional remodeling.8 Individuals with
prehypertension has been associated with the development
of left ventricular hypertrophy, diastolic dysfunction, and
increase in left ventricular thickness, left ventricular mass,
increased left atrial size, as compared to individuals with
normal blood pressure.8
To the best of our knowledge, very few studies have been
conducted to evaluate the effect of prehypertension on cardiovascular and echocardiographic parameters, hence the
study was planned to evaluate the load and strain on cardiovascular system including structural and functional cardiac
remodeling due to prehypertension.

MATERIALS AND METHODS
The study was carried out in the Department of Physiology, Himalayan Institute of Medical Sciences, Swami Ram
Nagar, Dehradun over a period of 12 months. Study group
was recruited from the students, employees of Swami Rama
Himalayan University (SRHU) and residents of Bhaniyawala. Subjects were recruited after taking written and informed
consent. A sample size of 30 each for the control and prehypertensive group was obtained using the formula for differences of means at 90% power and α error of 0.05.9 Following
inclusion and exclusion criteria were followed:
a. Control Group (n=30)
i. Inclusion Criteria
• Age group: 20 to 40 years
• Sex: Males
• Non obese (BMI ≤ 30 kg/m2)
• Resting blood pressure:
Systolic <120 mm Hg
Diastolic <80 mm Hg
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ii. Exclusion Criteria
• Chronic alcoholic
• Chronic smoker
• Patients with history of medication for Diabetes
Mellitus (DM)
• Patients with history of any chronic disease
• History of typical or atypical chest pain
b. Prehypertensive Group (n= 30)
i. Inclusion Criteria
• Age group: 20 to 40 years
• Sex: Males
• Non obese (BMI ≤ 30 kg/m2)
• Resting blood pressure:
Systolic 120 - 139 mm Hg
Diastolic 80 - 89 mm Hg
ii. Exclusion Criteria
• Chronic alcoholic
• Chronic smoker
• Patients with history of medication for Hypertension and Diabetes Mellitus (DM)
• Patients with history of any chronic disease like
Tuberculosis (TB), Chronic Obstructive Pulmonary Disease (COPD), Chronic Renal Failure
(CRF), Rheumatoid Arthritis (RA)
• History of typical or atypical chest pain
The study was approved by the ethical committee of the institute.
Subjects were asked to report in the department of physiology at 9:00 am. They were asked to take light breakfast in the
morning and avoid tea, coffee, heavy exercise, 2 hours before the reporting time. A structured case reporting form was
designed to generate required data. Age (years), sex, height
(in cm), body weight (in kg), BMI (in kg/m2), relevant medical history and examination findings were recorded.
Cardiovascular parameters measurement
After a rest of 10 min in sitting position, systolic blood pressure, diastolic blood pressure, mean arterial pressure, pulse
S.
Parameters
Controls
Cases
pNo.
(Mean ± SD) (Mean ± SD) value
1
Age (years)
23.57 ± 1.83
24.00 ± 2.38
0.432
2
Height (cm)
170.93 ± 5.45 170.83 ± 6.28 0.949
3
Weight (Kg)
70.00 ± 4.92
69.97 ± 5.28
0.980
4
BMI (Kg/m2)
23.97 ± 0.39
23.88 ± 0.37
0.409
p>0.05 -non significant, p<0.05 – significant, p<0.01- highly
significant, p<0.001- very highly significant. Unpaired t test.
Table-1: Comparison of anthropometric parameters among
controls and cases (n=30 each)
S. No.

pressure, heart rate and rate pressure product were recorded.
Rate pressure product or double product was calculated as
systolic blood pressure multiplied by heart rate,10 and heart
rate recovery was calculated as heart rate at second minute
of exercise minus heart rate after 1 minute of exercise. Blood
Pressure Apparatus (model no. EW 254 DC6V) was used.
Echocardiographic parameters measurement
Following parameters were recorded: resting left atrium size,
left ventricular end diastolic volume, left ventricular end
systolic volume, left ventricular end diastolic diameter, left
ventricular end systolic diameter, inter ventricular septum,
left ventricular ejection fraction and left ventricular post wall
thickness. Echocardiograph (Model Philips HD11XE SNo.
US 11270001) was used.

STATISTICAL ANALYSIS
SPSS (Statistical Package for Social Science) version 20
software was used for data analysis. Standard descriptive
statistics were determined. Unpaired t test was used for the
cardiovascular and echocardiographic parameters comparison between the control and the prehypertensive group. The
level of Significance was set at p<0.05.

RESULTS
The anthropometric parameters: age, height, weight and
BMI between the controls and the prehypertensives were
similar (Table 1).
As compared to controls, the prehypertensives had statistically very highly significant higher values of resting systolic blood pressure, resting diastolic blood pressure, resting
MAP, resting pulse pressure, resting heart rate and resting
rate pressure product (Table 2).
As compared to controls, the prehypertensives had statistically very highly significant higher values of interventricular
septum thickness, left ventricular posterior wall thickness
and left ventricular end systolic diameter. They had lower
value of left ventricular end diastolic diameter, left ventricular end diastolic volume and left ventricular ejection fraction,
but were statistically insignificant. They also had statistically
insignificant higher values of left atrial size, left ventricular
end systolic diameter and end systolic volume (Table 3).

DISCUSSION
Prehypertensives were found to have statistically very highly
significant higher values of resting systolic blood pressure,
resting diastolic blood pressure, resting MAP, resting pulse
pressure, resting heart rate and resting rate pressure product
(Table 2).

Controls
Cases
p-value
(Mean ± SD)
(Mean ± SD)
1
Resting SBP (mmHg)
108.97 ± 7.29
128.77 ± 5.88
0.000
2
Resting DBP (mmHg)
69.03 ± 5.99
83.17 ± 3.79
0.000
3
Resting MAP (mmHg)
82.34 ± 6.01
98.37 ± 3.38
0.000
4
Resting Pulse Pressure (mmHg)
39.93 ± 5.03
45.60 ± 6.60
0.000
5
Resting Heart rate (beats per min)
73.00 ± 2.99
85.47 ± 5.68
0.000
6
Resting Rate Pressure Product (mmHg per min)
7950.43± 569.89
11010.03 ± 941.28
0.000
p>0.05 -non significant, p<0.05 – significant, p<0.01- highly significant, p<0.001- very highly significant. Unpaired t test.
Table-2: Comparison of cardiovascular parameters among controls and cases (n=30 each)
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Parameters

Controls
Cases
p-value
(Mean ± SD)
(Mean ± SD)
1
Left atrial size (cm)
3.05 ± 0.34
3.09 ± 0.26
0.523
2
Interventricular septum Thickness (cm)
0.79 ± 0.06
0.92 ± 0.08
0.000
3
Left ventricular post.wall thickness (cm)
0.82 ± 0.08
0.90 ± 0.09
0.000
4
Left vent. end diastolic diameter (cm)
4.50 ± 0.37
4.43 ± 0.21
0.391
5
Left vent. end diastolic volume (ml)
106.97 ± 7.55
103.60 ±10.83
0.167
6
Left vent. end systolic diameter (cm)
2.86 ± 0.18
3.08 ± 0.25
0.000
7
Left vent. end systolic volume (ml)
40.82 ± 3.31
40.91 ± 5.12
0.932
8
Left ventricular ejection fraction (%)
61.79 ± 2.51
60.37 ± 4.62
0.144
p>0.05 -non significant, p<0.05 – significant, p<0.01- highly significant, p<0.001- very highly significant. Unpaired t test.
Table-3: Comparison of echocardiographic parameters between the controls and cases (n=30 each)

Similar findings have been reported by Pal GK et al.7 The
finding may be due to sympathovagal imbalance or autonomic dysregulation among prehypertensives.11 Due to the
increased sympathetic activity and decreased parasympathetic activity, they are more liable and prone to hypertension and cardiovascular diseases.12 Others have also reported
autonomic dysregulation among prehypertensives.13,14
Since the oxygen demand of the heart has been reported to
be higher in prehypertensives and hypertensives, rate pressure product is more among them. Rate pressure product is
calculated as the product of systolic blood pressure and heart
rate.10 It is a good estimate of myocardial work or internal
work done, and is proportional to myocardial oxygen consumption.10,15
The present study has shown that hypertensives had statistically significant higher values of interventricular septum
thickness, left ventricular posterior wall thickness and left
ventricular end systolic diameter, as compared to controls.
They also had higher value of left atrial size and left ventricular end systolic volume than the controls, but the increase
was statistically insignificant. The values of left ventricular
end diastolic diameter, left ventricular end diastolic volume
and left ventricular ejection fraction, were less among prehypertensives as compared to controls, which was statistically
insignificant (Table 3).
The increase in interventricular septum thickness and left
ventricular posterior wall thickness may indicate increase
in left ventricular cardiac muscle mass.16 The finding of increased left ventricular mass in prehypertensives was also
reported by Manios E et al,17 Di Bello V et al18 and Stabouli
S et al.19 The increase in left ventricular mass has been reported to be a strong predictor of cardiovascular morbidity
in hypertension.20
The increase in the cardiac mass is caused by increase in
pressure load (primarily due to increase in resistance or after load) and represents an attempt by the heart to normalize
myocardial wall stress.21 Although hypertrophy primarily involves myocytes, the interstitial network also changes. This
occurs initially in a perivascular distribution but progressively extends to cause a widespread interstitial fibrosis of the
cardiac muscle.21 In addition, replacement fibrosis may occur
to replace necrotic or apoptotic myocytes. This increased interstitial fibrous tissue is probably one of the main causes for
increased left ventricular stiffness and cardiac dysfunction
seen in hypertension.21
The increase in left ventricular end systolic diameter may be

due to increase in left ventricular stiffness and reduce contractility.22 The increase in cardiac stiffness may also account
for decrease in left ventricular end diastolic diameter and
volume, indicating decreased left ventricular compliance.23
This may lead to reduction in left ventricular ejection fraction. Prehypertension is associated with increase in left atrial
volume,24 the left atrial volume is an accurate index of left
atrial size.25 In our study as compared to controls, the cases
had higher values of left atrial size, which was statistically
insignificant (Table 3).

CONCLUSION
The prehypertensives were found to have significant higher
cardiovascular parameters, including resting rate pressure
product. This indicated that the prehypertensives were having more cardiac load as compared to the normotensives.
The echocardiographic findings indicated that there was unfavorable cardiac remodeling among the prehypertensives
due to pathological pressure overloading, and altered hemodynamics, resulting in decrease in systolic as well as diastolic cardiac function.
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