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ABSTRACT

Objective: The aim of the present study is to evaluate the arterial stiffness indices and neutrophil-lymphocyte ratio (NLR) in young prehypertensives.

Methods: This was a cross-sectional study carried as a part of the medical health check-up program conducted on 150 students joining 1st year MBBS. 
Based on their blood pressure (BP) recordings they were classified as normotensives and prehypertensives. Arterial stiffness indices were assessed 
using finger photoplethysmography, and NLR was evaluated using automated hematological analyzer. Student’s t-test and Pearson’s correlation were 
performed using SPSS version 16 and p<0.05 was considered as statistically significant.

Results: Of the 150 subjects, 106 were recruited for the present study. Based on BP, they were grouped as normotensives (n=66) and prehypertensives 
(n=40). Arterial stiffness indices, namely, stiffness index (SI) and reflection index (RI) reported a significant increase among the prehypertensive group 
with p=0.003 and p=0.002, respectively. SI and RI showed a positive correlation with systolic BP, diastolic BP, heart rate, and body mass index (BMI). 
NLR reported a significant increase in a prehypertensive group with p=0.03 but no correlation was found between NLR and arterial stiffness indices.

Conclusion: Targeting the high-risk individuals, based on increased arterial stiffness, NLR, BMI and BP, for earlier lifestyle modifications could act as 
a potential preventive strategy to inhibit the development of cardiovascular diseases.
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INTRODUCTION

High blood pressure (BP) is ranked as the third most important risk 
factor attributable burden of disease in South Asia [1]. As per the study 
conducted in 2005 by Global burden of hypertension, the percentage 
of hypertension rates are projected to increase from 20.6% to 22.9% 
in men and 20.9% to 23.6% in women in 2025 [2]. In our society, mild 
increase in BP values does not gain much attention, as the subject is 
asymptomatic and is apparently healthy. Therefore, in 2003, the seventh 
report of Joint National Committee for prevention, detection, evaluation 
and treatment of high BP (JNC 7) introduced the term “prehypertension,” 
that is, systolic BP (SBP) of 120–139 mmHg and/or diastolic BP (DBP) 
of 80–89 mmHg [3]. It is indicated that prehypertensives are at greater 
risk of developing cardiovascular diseases (CVDs), so targeting the 
younger age group could be of a potential boon to the individual and 
society, to create awareness for early lifestyle modifications.

Hypertension is associated with arterial stiffness [4]. Increased arterial 
stiffness in normotensive individuals is associated with accelerated BP 
progression and increased risk for incident hypertension during follow-
up [5,6] but literature review indicates meager and nonconclusive 
results on the association between prehypertension and arterial wall 
stiffness.

Arterial stiffness measured using digital volume pulse (DVP) analysis 
has been proved to be validated and reproducible technique with 
minimal intraobserver variation [7] and is a more sensitive tool in risk 
stratification for CVD in comparison to plasma glucose, total cholesterol, 
and waist to hip ratio in apparently healthy population [8].

Arterial stiffness and hypertension are documented to stimulate 
both innate and adaptive immunity. Activated neutrophils represent 

nonspecific systemic inflammation, and lymphocytes are a marker 
of the immune system physiological stress response. Neutrophil-
lymphocyte ratio (NLR) integrates these two important and opposite 
immune pathways, and thus serves as a measure of both systemic 
inflammation and stress response [9]. Furthermore, NLR is recognized 
as an independent critical risk factor of CVDs [10]. NLR is reported to be 
associated with BP variability [11] and its predictive value in peripheral 
arterial disease and its prognostication of the presence, severity, and 
extent of coronary artery disease has already been demonstrated [12].

Reports targeting younger individuals with prehypertension and 
correlating BP variables with arterial stiffness indices and NLR ratio are 
lacking in Indian scenario. With this perspective in mind, the current 
study aimed to evaluate the association between arterial stiffness 
indices and NLR in young prehypertensives.

METHODS

This was a cross-sectional study conducted in the Department of 
Physiology, Sri Manakula Vinayagar Medical College and Hospital, 
Pondicherry 2015–2016. All 150 students of age 18–25 joining 1st 
year MBBS who underwent the medical health check-up program were 
recruited for the study. The study was commenced after obtaining 
approval from the Human Ethical Committee and written informed 
consent was obtained from all subjects. A review of medical history and 
physical examination were performed. All baseline characteristics and 
related anthropometrics including age, height, weight, and body mass 
index (BMI) were acquired from the study participants.

BP measurements
BP was measured in the right arm in the sitting position using a 
standard mercury sphygmomanometer after a 10-min rest period. 
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Three measurements were taken at 5 min interval, and the mean of 
three measurements was considered for analysis. Based on the BP 
measurements, the study participants were divided into two groups 
as normotensives and prehypertensives [3]. Group I - Normotensives: 
SBP <120 mmHg and DBP <80 mmHg. Group II  -  Prehypertensives 
(SBP: 120–139 mmHg and/or DBP 80–89 mmHg).

Inclusion criteria
Healthy subjects of age group 18–25 years with no medical illness and 
SBP between <120 and 139 mmHg and DBP between <80 and 89 mmHg 
were include from the study.

Exclusion criteria
Subjects with SBP >140 mmHg and DBP >90 mmHg and subjects with 
ongoing medical illness or any drug treatment were excluded from the 
study.

Finger plethysmography
DVP was measured using devise RMS polyrite vital module LF201308, 
using infrared light with wavelength of 940 nm; placed on the 
right index finger of the subject. The main principle of this device 
is conversion of pressure changes to voltage changes by means 
of the pressure transducer. DVP was analyzed by software virtual 
oscilloscope. DVP contains two peaks: Systolic peak and diastolic 
peak. The former peak was due to pulse wave transmitted from the left 
ventricle to the finger directly, and the diastolic peak arose from pulse 
wave transmitted along the aorta to the small arteries in the lower 
part of the body, from where they were again reflected along the aorta 
as a reflected wave. This path length was directly proportional to the 
subject’s height (h). Pulse transit time (ΔT) was measured as the time 
duration between systolic peak and diastolic peak. The magnitudes 
of systolic and diastolic peak were also measured. Stiffness index 
(SI) and reflective index (RI) were calculated automatically using the 
following formulas:

SI=Subject’s height (h)/Pulse transit time (ΔT).

RI=Magnitude of diastolic peak×100/Magnitude of systolic peak.

Hematological parameters
About 3 ml of peripheral venous blood was withdrawn during the 
health check-up program and hematologic indices were calculated from 
complete blood count using automated hematological analyzer. NLR was 
calculated by dividing the neutrophil count by the lymphocyte count.

Data analysis
Data entry and statistical analysis were performed using the Microsoft 
Excel and SPSS 16, respectively. The means and standard deviations were 
calculated. Student’s t-test was used to assess differences between means. 
p<0.05 was taken for statistical significance. The relationship between 
various parameters was assessed by Pearson correlation analysis.

RESULTS

Out of 150 students screened, 27 students did not satisfy the inclusion 
criteria and 17 subjects were not willing to participate. A total of 106 
subjects were selected for the study, of these 66 were normotensives 
(35 males and 31 females), and 40 were prehypertensives (23 males 
and 17 females). Fig. 1 represents the subject recruitment and 
categorization.

Table 1 summarizes comparison of basal anthropometric 
measurements between the two groups. There was no significant 
difference in age among the two groups (p=0.87). Height (p=0.02*), 
weight (p=0.0001**), waist circumference (WC) (p=0.0001**), hip 
circumference (HC) (p=0.0001**), and BMI (p=0.0001**) were found to 
be significantly increased among the prehypertensive group.

Table 2 summarizes increased basal cardiovascular parameters among 
the prehypertensives with p=0.0001** as compared to normotensives.

Table 3 summarizes the significant increase in stiffness index 
(SI) (p=0.003**) and reflection index (RI) (p=0.002**) among the 
prehypertensive group compared to the normotensive group.

Table 4 summarizes significant increase in hemoglobin (p=0.0001**), 
hematocrit (p=0.0001**), erythrocyte sedimentation rate (p=0.0001**), 
total leukocyte count (p=0.04*), neutrophil (p=0.009**), monocyte 
(p=0.02*), lymphocyte (p=0.01*), and NLR (p=0.03*).

Table 5 summarizes the correlation between SI and RI with BMI, BP, HR, 
and NLR. Except NLR all other parameters proved to be significantly 
correlated with arterial stiffness indices.

DISCUSSION

In our present study, the overall prevalence of prehypertension was 
reported as 37.73% and males were predominantly prehypertensives with 
a prevalence rate of 57.5%. Similar reports are found in another study where 
the prevalence rate of prehypertension and risk of CVD was greater among 
men compared to women [13]. The lower levels of BP may be probably due 
to the protective effects of estrogen on the cardiovascular system [14].

BMI, WC, and HC among the prehypertensive group were found to 
be significantly increased compared to the normotensive group. A 
study among Indian population reported that prehypertensive and 
hypertensive individuals had higher BMI, central obesity and sedentary 
lifestyle [15]. BMI is most commonly used surrogate measure of 

Table 1: Basal anthropometric parameters in two groups

Parameters Normotensives  
(n=66)

Prehypertensives  
(n=40)

p value

Age (years) 18.68±0.99 18.65±0.95 0.87
Height (m) 1.61±0.09 1.66±0.1 0.02*
Weight (kg) 58.53±11.63 76.91±21.44 0.0001**
WC (cm) 81.94±9.65 93.23±16.04 0.0001**
HC (cm) 93.26±8.71 105.22±15.36 0.0001**
WHR 0.88±0.05 0.89±0.07 0.49
BMI (kg/m2) 22.32±3.33 27.70±5.97 0.0001**
Data presented are mean±SD; Group 1: Normotensive subjects; 
Group 2: Prehypertensive subjects. WC: Waist circumference; HC: Hip 
Circumference; WHR: Waist‑hip ratio; BMI: Body mass index, SD: Standard 
deviation. p<0.05 is considered to be significant and marked as *, p<0.001 is 
marked as **

Table 2: Basal cardiovascular parameters among the two groups

Parameters Normotensives  
(n=66)

Prehypertensives  
(n=40)

p value

SBP (mmHg) 109.38±5.88 128.2±6.50 0.0001**
DBP (mmHg) 66.53±6.70 75.82±8.14 0.0001**
HR (beats/min) 76.48±6.18 89.55±8.22 0.0001**
PP (mmHg) 42.85±6.14 52.37±7.96 0.0001**
MAP (mmHg) 92.03±8.11 105.68±10.57 0.0001**
Data presented are mean±SD; Group 1: Normotensive subjects; 
Group 2: Prehypertensive subjects. SBP: Systolic blood pressure, DBP: Diastolic 
blood pressure, HR: Heart rate, PP: Pulse pressure (SPP‑DBP), MAP: Mean 
arterial pressure (DBP+1/3 PP), SD: Standard deviation. p<0.001 is marked 
as **

Table 3: Arterial stiffness indices among the two groups

??? Normotensives  
(n=66)

Prehypertensives  
(n=40)

p value

SI (m/s) 42.80±9.52 50.07±12.96 0.003**
RI (%) 4.85±1.58 5.75±1.30 0.002**
Data presented are mean±SD; Group 1: Normotensive subjects; 
Group 2: Prehypertensive subjects. p<0.001 is considered to be significant (**). 
SI: Stiffness index, RI: Reflection index, SD: Standard deviation
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overall adiposity because of its simplicity and high correlation with 
percent body fat [16]. BMI could play a key role in the pathogenesis 
of prehypertension. Earlier studies conducted indicated that higher 
BMI could be an independent contributing factor for vagal withdrawal 
and sympathetic overactivity among the prehypertensives [17,18]. 
Furthermore, WC is reported to have a strong association with the 

development of hypertension [19] and in our study, both WC and HC 
were significantly increased among the prehypertensives group.

Arterial stiffness indices measured using DVP is represented as two 
parameters: SI and RI. SI is a measure of large artery stiffness [20], 
and RI is an accepted measure of vascular tone of small arteries [21]. 
In our study, both SI and RI reported a significant increase among the 
prehypertensive group and showed statistically significant positive 
correlation with BMI and BP. The possible explanation for increased 
vascular stiffness with increase in BMI may be that the leptin hormone 
which is known to increase in obesity is reported to cause a reduction 
in arterial distensibility [22] and extra recruitment of collagen fibers to 
help “stiffen” large arteries against increased distending pressure [23]. 
A previous study conducted in 2013 by Malliga et al. indicates that BMI 
and age are significant determinants of hypertension [24].

NLR is reported to predict the inflammatory status in various 
cardiovascular pathologies. It is reported that the phagocytic index 
can be used to predict ischemic heart disease [25]. In this study, 
NLR is found to be significantly increased among prehypertensives 
compared to normotensives indicating that inflammation process has 
been initiated in the precursor stage itself and may be a pathogenic 
factor in vascular damage [26]. In our study, NLR was not significantly 
correlated to arterial stiffness indices among the prehypertensives; 
similar reports are produced by Mehmood et al. [27], while studies 
conducted by Park et al. have shown quite contrary results [28]. This 

Total number of subjects screened (n=150)

Subjects belonging to 
exclusion criteria

Subjects satisfying inclusion criteria (n=123)

Not willing to participate

Written informed consent (n=106)

Based on BP recordings

Group I Group II

Normotensives (n=66)

BP (SBP <120mmHg, DBP < 80mmHg)

Prehypertensives (n=40)

BP (SBP ≥120-139 and/or DBP ≥80-89) 

(n=27)

(n=17)

Fig. 1: Participant recruitment and categorization into groups

Table 4: Hematological parameters among the two groups

Prehypertensives  
(n=40)

p value

Hemoglobin  
(g %)

12.03±2.70 13.98±2.09 0.0001*

Hct % 36.56±6.83 41.76±5.47 0.0001*
ESR 7.79±4.37 5.45±2.16 0.0001*
TLC cells/mm3 8381.8±2043.67 8675±1839.10 0.04*
Neutrophil % 57.74±9.53 62.85±9.51 0.009*
Eosinophil % 3.17±2.03 3.08±1.77 0.8
Monocyte % 1.52±0.77 1.88±0.822 0.02*
Lymphocyte % 34.12±8.44 38.45±9.06 0.01*
NLR 2.02±0.94 2.41±0.90 0.03*
Data presented are mean±SD; Group 1: Normotensive subjects; 
Group 2: Prehypertensive subjects. Hct: Hematocrit, ESR: Erythrocyte 
sedimentation rate, TLC: Total Leukocyte count, NLR: Neutrophil‑lymphocyte 
ratio, SD: Standard deviation. p<0.05 is considered to be significant and marked 
as *, and P<0.001 is marked as **

Normotensives  
(n=66)
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may be explained due to the difference in the study design and younger 
age group of the involved subjects.

Limitations of the study
This was a cross-sectional study with less sample size. Gender 
differences in arterial stiffness and NLR could have been evaluated to 
strengthen the study.

CONCLUSION

Arterial stiffness indices assessed using DVP could be routinely 
introduced in clinical practice for identification of high-risk individuals. 
Gender, BMI, increased arterial stiffness and elevated NLR in 
prehypertensives could be employed as simple measures to categorize 
the individuals in the “danger zone” and introduce early lifestyle 
modifications such as exercise, reduced salt intake, and yoga to improve 
public health.
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