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ABSTRACT: Inflammation has been implicated in the pathophysiology of hypertension; and 

total leucocyte count as well as C-reactive protein is elevated in patients with hypertension. 

Reduced vagal activity has been reported to predict cardiovascular events such as mortality in 

patients with hypertension. The aim of this study was to investigate the possible correlation 

between cardiac vagal function and total leucocyte count in the patients with hypertension. 

Thirty-five patients with hypertension and 35 age - and sex -matched healthy controls were 

examined. Vagal function was estimated by resting heart rate variability (HRV), expiratory: 

inspiratory ratio (E: I ratio) and basal heart rate from lead II of ECG using Student’s 

physiograph. The total leucocyte count (TLC) was counted in the improved Neubauer’s chamber 

under light microscope. Statistical analysis was done using Student’s unpaired t test for 

comparisons and Pearson correlation for significant association. The results show a statistically 

significant reduction in the resting HRV (p<0.01), E: I ratio (p<0.05), increased TLC (p<0.01) 

and increased resting minimum heart rate (p<0.01) in patients with hypertension as compared 

to controls. The resting maximum heart rate showed no statistical differences between the 

patients and the controls. An inverse relation between TLC and vagal function (resting HRV, 

p<0.05; E:I ratio, p<0.05) in patients with hypertension was observed. Our result indicates that 

an increased TLC level is significantly associated with reduced basal HRV and E:I ratio in 

patients with hypertension. It is possible that the vagus function and inflammation could 

interact with each other resulting in the progression of hypertension. 

KEY WORDS: Expiratory: Inspiratory ratio, Heart rate variability, Inflammation, Total leucocyte 

count, Vagal function 

 

INTRODUCTION: Hypertension is a major contributor to the cardiovascular morbidity and 

mortality in industrialized countries. It is also rapidly increasing in the developing countries like 
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India. In 2000, it was estimated that 118 million population in India will have hypertension and 

the number is predicted to almost double to 214 million in 2025.1 Hypertension is directly 

responsible for 57% of all stroke and 24% of coronary heart disease deaths in India. 2 

Autonomic nervous system plays an important role in the regulation of blood pressure (BP) and 

a large proportion of patients with hypertension are found to have increased sympathetic and 

decreased vagal activity. Reduction in vagal tone is also found to be associated with mortality 

and major adverse cardiovascular events in patients with hypertension. 3  

Recently, inflammation has been speculated as one of the mechanism in the 

development of hypertension. Cross-sectional evidence demonstrates elevation of inflammatory 

markers such as interleukin-6 and C-reactive proteins (CRP) level among individuals with high 

blood pressure. 4 It has also been reported that elevated white blood cell (WBC) count predicted 

an increased incidence of hypertension among Japanese population.5 In addition, higher WBC 

count is associated with impaired endothelial-induced vasodilation and hence to the 

development and progress of the hypertension.6 Several studies have shown a relationship 

between autonomic dysfunction and activation of the inflammatory system in heart diseases.7,8 

The present study was conducted to evaluate any possible correlation between vagal function 

and total leucocyte count in the patients with hypertension. 

 

MATERIAL AND METHODS: The present study was conducted on 35 patients of hypertension. 

The age group of the patients was between 30-65 years. Among the patients, 20 were males and 

15 were females. Patients who were willing to undergo investigation were recruited from Out-

patient Department of Surgery, Jawaharlal Nehru Institute of Medical Sciences, Imphal after 

which they were sent to the Department of Physiology for various tests. Hypertension was 

defined as systolic blood pressure ≥ 140mmHg and /or diastolic blood pressure ≥ 90 mmHg and 

/or use of antihypertensive drugs. Exclusive criteria included patients with coronary heart 

disease, nephropathy, diabetes mellitus, any infection, receiving steroids or immunosuppressive 

drugs in the past, smoking and pregnant women.  

Thirty five healthy controls age- and sex- matched were taken. They were healthy as 

reported by history, physical examination, and none of them were on medication (self-

reported). The research was carried out after taking the clearance from the ethical committee of 

the Institution. All the participants were explained about the study in details and their written 

informed consents were taken.  

 

Blood pressure: Three blood pressure (BP) recordings at an interval of 2 minutes were taken 

after the patient was made to sit for 30 minutes with the standard mercury sphygmomanometer 

in the left arm. The first appearance of the sound and disappearance of the sound were taken as 

systolic BP and diastolic BP respectively. 

 

Blood examination: One ml of venous blood was drawn into EDTA containing vial. The total 

leucocyte count was done using 0.5 part of blood mixed with 10 part of Turk’s fluid followed by 

counting of leucocyte in the counting chamber (improved Neubauer’s chamber) under light 

microscope. 

 

Resting heart rate variability: It was calculated from lead II of ECG using Student’s 

physiograph. The lead II was recorded for 1 minute. Then the minimum and maximum R-R 
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interval were identified and converted into heart rate (HR). The difference of the maximum HR 

and the minimum HR give the heart rate variability in one minute. 

 

E:I (expiratory: inspiratory) ratio: Heart rate during the deep and regular breathing at 

the rate of 6 breaths per minutes (i.e. each cycle consisting of 5 seconds of inspiration followed 

by 5 seconds of expiration) was recorded from lead II of ECG. The E:I ratio was calculated as the 

ratio of the longest R-R interval and shortest R-R interval averaged over 6 cycles. 

 

Statistical analysis: It was done using SPSS 13.0. All the values were expressed as mean±SD. 

Comparisons between the patients with hypertension and the controls were performed using 

Students “unpaired t test”. The Pearson correlation analysis was used to test for significant 

association between the vagal tests (resting heart rate, E: I ratio and resting heart rate 

variability) and total leucocyte count in patients with hypertension. Statistical significance was 

considered to be present when the two-tailed probability was less than 0.05 

 

RESULTS: Table 1 shows comparison of average age, body mass index, blood pressure, resting 

heart rate , resting heart rate variability and E:I ratio between the patients with hypertension 

and the controls. The average systolic and diastolic BP of the patients with hypertension were 

142.94±7.58 mmHg and 91.65±5.1mmHg respectively while that of the controls were 

115.71±7.45 and 72.34±8.56 respectively. The average age, height, weight, body mass index 

showed no significant differences between them. The resting heart rate variability (p<0.01) and 

E:I ratio (p<0.05) were lower in the patients with hypertension which were statistically 

significant. The total leucocyte count (p<0.01) and resting minimum heart rate (p<0.01) were 

significantly higher in the patients with hypertension than the controls. The resting maximum 

heart rate was higher in the patients with hypertension which was not significant. 

Table 2 shows the relation between total leucocyte count and vagal tests in patients with 

hypertension. An inverse relation between total leucocyte count and resting heart rate 

variability (r= -0.346, p <0.05) and E:I ratio (r= -0.343, p<0.05) were observed. However, there 

was no significant relation found between the resting heart rate and total leucocyte count. 

 

DISCUSSION: The result of the present study demonstrates an inverse relationship between 

total leucocyte count (TLC) and the vagal function in patients with hypertension (table 2). 

Sajadieh et al 9 have reported that reduced heart rate variability (HRV) was related to white 

blood cell and CRP concentration when taken as markers of inflammation in the middle-aged to 

elderly healthy white population suggesting the involvement of an imbalance of the autonomic 

nervous system in the inflammatory reaction and the interaction might play an important role 

in the development of cardiovascular disease. In another study conducted by Kon et al 10, they 

have revealed an association between parasympathetic nerve withdrawal and inflammation in 

middle-aged to elderly Japanese general population. They thought that autonomic nervous 

system and inflammation may interact and thus may be involved in the progression of 

cardiovascular disease. But, Psychari et al 8 have failed to show any relation between CRP 

(inflammatory marker) and parasympathetic mediated indices of rMSSD and pNN50 in patients 

with post-myocardial infarction. However, they could not rule out completely the involvement 

of parasympathetic activity because LF (low frequency) and TP (total power) component of 

HRV, which have been used as indexes of sympathetic and parasympathetic component have 

shown the inverse relation with CRP 
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 The reasons for the association between the TLC and vagal function remain unknown 

from this study. However, an interaction between the autonomic nervous system and the 

immune system has been reported. Experimentally, both exposure to acetylcholine and direct 

vagal stimulation inhibits release of cytokines by macrophages while sympathetic activation is 

pro-inflammatory.11 Cytokines, secreted by leucocytes, are known to act on the nervous 

system.12 In fact, certain cytokines activate both autonomic nervous system and the 

hypothalamic-pituitary-adrenal axis or vice-versa.13 Tracey et al 14 have shown that both 

electrical and pharmacological stimulation of the efferent vagal nerve decreases levels of 

circulating cytokines. Conversely, withdrawal of the parasympathetic nerve activity may 

facilitate inflammatory reaction. Inflammation increases oxidative stress, which may lead to 

inactivation of nitric oxide, a substance known to modulate vasodilation, enhance vagal tone 

and autonomic control in the sinus as well as atrioventricular node in humans.15,16 In disease 

like ankylosing spondylitis, markers of inflammation have been found to be related to abnormal 

autonomic tone. 17  

Our results show lower vagal function (reduced E:I ratio and resting HRV; table 1) in 

patients with hypertension than the healthy controls. Pavithran et al 18 have reported a 

diminished short-term HRV as well as heart rate variation during deep breathing in patients 

with new-onset of hypertension. They suggested that the diminished HRV is due to imbalance of 

cardiovascular autonomic function. Neumann et al 19 have revealed that both persistent and 

white coat hypertension has shown reduced high frequency (HF) power of HRV compared to 

normotensive subjects reflecting attenuated vagal control of the heart. The decrease in vagal 

activity in patients with hypertension observed in our study could be due to impairment of 

baroreflex secondary to structural changes in carotid sinus and aortic sinus resulting from 

hyperkinetic flow of blood in hypertensive patients. In a previous study by Demirci et al 20, it has 

been shown that carotid arterial stenting is associated with a short-term parasympathetic 

predominance that was associated with decreased BP. Also impairment of baroreflex sensitivity 

caused by hypertension is mainly due to reduced maximum capacity of the cardiac vagal 

component rather than to a change in the sympathetic component.21 Nemes et al 22 have 

reported that in healthy individuals there is a negative correlation between heart rate response 

to deep breathing and aortic stiffness; and a positive with distensibility, though, their study did 

not show any relation between sympathetic function and aortic stiffness.  

The present study also reveals an elevated total leucocyte count (TLC) in patient with 

hypertension as compared to the healthy controls. The association of high leucocyte count with 

the incidence of hypertension in Japanese women has been reported.5 It is suggested from the 

animal study that elevated levels of glucocorticoid in hypertensive rats inhibits the p-selectin 

mediated leucocyte endothelial cell interaction resulting in the reduction of the margination of 

the leucocyte thereby increasing the circulating leucocyte count.23 Higher white blood cell count 

is also inversely related to acetylcholine-induced endothelial dilation of the vessels in patients 

with hypertension, diabetes mellitus and healthy adults.6, 24 

 

CONCLUSION: The result of the present study indicates that an increased TLC level is 

significantly associated with reduced resting HRV and E: I ratio in patients with hypertension. It 

is possible that the reduced vagus function and inflammation could interact with each other 

resulting in the progression of hypertension. 
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Shortcomings of this study: There are shortcomings in this study like any other studies. 

Firstly, the sample size is relatively small and larger population should be considered in future 

study. Secondly, our study is not able to explain the reason of the inverse relation between the 

TLC and reduced vagal activity in hypertensive patients. However, previous studies have 

postulated that certain cytokines activate both autonomic nervous system and the 

hypothalamic-pituitary-adrenal axis or vice-versa. Whether interventions that augment vagal 

activity or control inflammation would benefit patients with hypertension draws the attention 

of further studies. 
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Table 1: Comparison of age, BMI, blood pressure, heart rate, HRV, E:I ratio and TLC between the 

patients with hypertension and the controls. 

 Patients with hypertension Controls 

Age (years) 52.00±11.56 52.00±11.48 

Height (cm) 159.89±8.01 160.52±9.11 

Weight (kg) 66.63±8.73 64.48±11.71 

BMI (Kg/m2) 26.44±3.50 24.95±3.62 

SBP (mmHg) 142.94±7.58 115.71±7.45 

DBP (mmHg) 91.65±5.10 72.34±8.56 

Resting min HR (bpm) 73.90±18.10** 68.17±15.68 

Resting max HR (bpm) 81.50±19.08 83.80±13.78 

 Resting HRV (bpm) 7.82±1.27** 16.29±2.05 

E:I ratio 1.04±0.11* 1.29±0.10 

TLC (cells/cumm) 7476.47±809.34** 5224.00±480.52 

 

P*<0.05; P**<0.01; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 

pressure; HR, heart rate; min, minimum; max, maximum; bpm, beats per minute; TLC, total 

leucocyte count; E, expiratory: I, inspiratory. 

 

Table 2: Relation between resting heart rate, resting heart rate variability, E: I ratio and total 

leucocyte counts in patients with hypertension. 

 Resting Max 

HR 

 Resting 

Min HR 

 Resting 

HRV 

E:I ratio 

TLC - 0.153 -0.010 - 0.346* - 0.343* 

 

P*<0.05; HR, heart rate; HRV, heart rate variability; E,expiratory, I, inspiratory. 

 

 

 

 

 

 

 

 


