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ABSTRACT

Objectives: Hypertension (HT) is related to the development of ischemic heart disease, heart failure, stroke, and chronic kidney disease. It is one 
of the primary causes of long-term morbidity and mortality. Past studies showed that red blood cell (RBC) morphology plays a significant role in 
inflammatory conditions of HT. Hence, this study was conducted to find association of erythrocyte parameters like RBC distribution width (RDW) 
with arterial blood pressure in hypertensives.

Methods: The study was conducted in two groups: study and control. Fifty hypertensives and 50 normotensives between 40 and 60 years, matching 
inclusion and exclusion criteria were involved, and blood samples were taken and analyzed.

Results: Our study has found significantly low values of mean corpuscular volume and mean corpuscular hemoglobin in the study group. However, 
the study group shows significantly high RDW values as compared to control group.

Conclusion: High RDW values in hypertensives are a strong indicator of RBC abnormality, and it is associated with various vascular complications 
along with end-organ damage.
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INTRODUCTION

Arterial hypertension (HT) is the major health disorder that affects high 
number of adult population and it is one of the leading causes of death 
in the community. It comes with uncertain etiology, pathophysiology, 
and clinical complications like coronary heart disease and stroke [1]. 
Due to rapid environmental and “lifestyle” changes, the burden of HT is 
expected to increase in the coming years [2]. More than 60% of overall 
deaths are due to non-communicable diseases, and out of all nearly half 
of them are due to cardiovascular diseases (CVDs). High blood pressure 
is the most important risk factor for CVDs, and it is related to long-term 
damage to vital organs of our body. HT is the primary cause of death in 
patients of coronary artery disease and stroke [3,4].

Plasma and whole blood viscosity are two important factors of arterial 
BP, and it play a role in the development of CVDs. Past studies have 
shown that change in mean corpuscular volume (MCV) can alter 
metabolic conditions, which can be one of the cause of arterial stiffness 
[5,6]. Abnormality of red blood cell (RBC) can lead to dysfunction 
of narrow blood vessels in HT, and recent studies have reported 
association of RBC distribution width (RDW) is a measure of the 
variation of RBC size that can predict early onset of cardiovascular 
and cerebrovascular disease [7-9]. Furthermore, previous studies have 
shown role of hemoglobin in the development of HT and many diseases 
associated with it [10,11].

In the present study, we have used RBC count, hemoglobin (Hb) 
concentration, and packed cell volume (PCV) values as indirect 
measurement of blood viscosity. Moreover, we explored the association 
of RBC hematological parameters such as PCV, MCV, mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin concentration 
(MCHC), and RDW with arterial blood pressure in hypertensives.

METHODS

The study was approved by the Institutional Ethical Committee of the 
Government Medical College of Surat, and written informed consent was 
obtained from each participant. This study was conducted in two groups: 
study and control. In the study group, 50 hypertensive patients aged 
40–60 years, males and females with a history of HT (>1 year duration), 
or taking anti-hypertensive medications with blood pressure systolic BP 
more than 140 mm Hg, Diastolic BP more than 90 mmHg were taken from 
medicine outpatient clinics, New Civil Hospital Surat. In the control group, 
50 normotensives aged 40–60 years, males and females with systolic BP 
<140  mmHg, Diastolic BP <90  mmHg were taken, who were matched 
socio-economically with the study group. All systemic diseases other than 
HT and patients with present illness were excluded from the study [12].

The physiological parameters height, weight, pulse rate, and blood 
pressure along with detailed history were taken. In the sitting position, 
after 5  min of rest, BP was measured through auscultatory method 
using sphygmomanometer (mercury manometer) in both the arms. 
Higher of the two readings was taken and if systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) were in different categories, 
the higher of 2 was classified. Under aseptic precautions, venous blood 
samples (3 mL) were collected in EDTA vaccutte from median cubital 
vein, and analyzed by ABX MICROS 60.

Mean arterial blood pressure was calculated, and values of RBC count, 
Hb concentration, PCV, MCV, MCH, MCHC, and RDW were taken from 
CBC reports. Unpaired t-test was used to compare the data, and p value 
was used to decide the significance level. (p<0.05 significant, p<0.01 
highly significant). In the study group, the correlation between blood 
pressure and PCV, MCV, MCH, MCHC, and RDW was found by calculating 
Pearson’s correlation factor (r). Statistical analyses were performed in 
SPSS software.
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RESULTS

Table 1 shows the comparison of age, height, and weight between the 
two groups was not statistically significant (p>0.05). Both groups were 
comparable to each other. Moreover, significantly high SBP, DBP and 
mean arterial pressure (MAP) in the study group.

Table  2 shows the comparison of RBC count, Hb concentration, PCV, 
MCV, MCH, MCHC, and RDW between study and control groups. 
MCV and MCH values are lower in study group which is statistically 
significant (p<0.05). RDW value is significantly high in the study group 
as compared to the control group.

Table 3 shows correlation of SBP, DBP, and MAP with RBC count, Hb, 
PCV, MCV, MCH, MCHC, and RDW in the study group. Hb, PCV, MCV, MCH, 
and MCHC positively associated with SBP, DBP and MAP. However, RBC 
count and RDW negatively associated with SBP, DBP and MAP.

DISCUSSION

This study was conducted in two groups: a study group and a control 
group. Fifty hypertensives and 50 normotensives were taken as the 
study and control group, respectively. Both groups were comparable to 
each other as age, height, and weight are not statistically significant, 
and the study group shows significantly high SBP, DBP, and MAP 
(Table  1). Our study shows significantly lower MCV and MCH values 

in the study group as compared to the control group. However, RDW 
values significantly higher in the study group (Table 2). Furthermore, 
we found a positive correlation between SBP, DBP, and MAP with 
hemoglobin concentration, PCV, MCV, MCH, and MCHC, and a negative 
correlation with RBC count and RDW in the study group (Table 3).

Population-based past studies have shown positive relation of SBP and 
DBP with RBC count, Hb concentration, and MCV. We also found similar 
results but in our study, RBC count shown a negative correlation with 
SBP, DBP, and MAP (Table  3) [13,14]. A  study by Devereux et al. has 
shown high whole blood viscosity among untreated hypertensives than 
normotensives, but have not shown any relationship between PCV and 
whole blood viscosity. This study is in accordance to our study as we have 
not found statistically significant PCV values among two groups (Table 2) 
[15]. However, Cirillo et al. have shown significantly higher PCV value in 
hypertensives than normotensives, that suggestive of increase in whole 
blood viscosity and development of high blood pressure [16]. A  large 
cohort study was conducted by Atsma et al. demonstrated a positive 
association of Hb concentration with arterial blood pressure in men and 
women. This study favors our study as we have found similar results, but 
we have not found any significant change in Hb concentrations between 
two groups (Table  2) [10]. We have reported significantly lower MCV 
and MCH values (Table 2) that is in accordance with the study by Ali and 
Yasmeen that have shown similar findings among patients of primary 
hypertensives as compare to normotensives [17].

The present study shows significantly higher RDW values in 
hypertensives as compared to normotensives (Table  2) which is in 
accordance with the study of Seo et al. who mention that high RDW was 
associated with higher risk of adverse eventin HT [18]. Similar results 
have been noted by Tsuda, and they have mentioned that RBC could 
synthesize NO and alter functions of blood vessels. Furthermore, they 
have reported that lower membrane fluidity of RBCs was associated 
with decreased levels of plasma NO metabolite [7]. A  study by 
Karabulut and Karadag has concluded that RDW reflect oxidative stress 
and activity of different neurohormonal and inflammatory mechanisms 
that are associated with development of HT and vascular complications 
and it is also linked to end-organ damage [1].

In this study, we have reported significantly low MCV and MCH values that 
suggestive of RBC and Hb are actively participating in the development of 
HT and its adverse events. In addition to this, we found significantly high 
RDW values in hypertensives which is a strong indicator that abnormality 
in RBC is associated with various vascular complications and end-organ 
damage in hypertensives. Although we have explored association of 
different erythrocyte parameters in hypertensives, a planned study is 
required that includes a large number of participants on a broader scale.

CONCLUSION

RBC is actively participating in the development of HT that was shown 
by erythrocyte indices. High RDW values in hypertensives are a strong 
indicator of RBC abnormality, and it is associated with various vascular 
complications along with end organ-damage.
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