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Abstract

Background

Hypertension is the major public health concern; leading to cardiovascular disease. It is
associated with alteration in hematological parameters which may lead to end-organ dam-
age. Thus, this study aimed to compare hematological parameters between hypertensive
and normotensive adult groups in Harar, eastern Ethiopia.

Methods

A comparative cross-sectional study was conducted from January to March, 2020 at Jugel
and Hiwotfana Specialized University hospital, Harar, eastern Ethiopia. Convenient sam-
pling technique was used to recruit 102 hypertensive patients from the two hospitals and
102 apparently healthy blood donors. Participant’s socio-demographic and clinical informa-
tion were collected using pre-tested structured questionnaire. Blood sample were collected
and analyzed by Beckman Coulter DxH 500 analyzer for complete blood count. The data
were entered and analyzed using SPSS version 23. Independent t-test and Mann Whitney
u-test was used for comparison between groups. Spearman’s correlation was used for cor-
relation test. P values less than 0.05 was considered as statistically significant.

Result

102 hypertensive and 102 healthy controls were enrolled in this study. The median + IQR
value of white blood cell (WBC) count, hemoglobin (Hgb), hematocrit (HCT), red cell distri-
bution width (RDW) and mean platelet volume (MPV) were significantly higher in hyperten-
sive group compared to apparently healthy control group. Additionally, RBC (red blood cell)
count, HCT and RDW showed statistically significant positive correlations with systolic and
diastolic blood pressure. WBC count and RDW were significantly and positively correlated
with body mass index (BMI). Platelet (PLT) count had a significant but negative correlation (r
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=-0.219, P = 0.027) with duration of hypertension illness while MPV showed positive and
significant correlation (r = 0.255, P = 0.010).

Conclusion

The median values of WBC, Hgb, HCT, RDW and MPV were significantly higher in hyper-
tensive patient compared to apparently healthy individuals. Hence, it is important to assess
hematological parameters for hypertensive individuals which may help to prevent complica-
tions associated with hematological aberrations. However, further studies are required to
understand hypertensive associated changes in hematological parameters.

Introduction

Hypertension (HTN) is defined as high blood pressure. Blood pressure is the power of blood
exerted to the walls of arteries as the heart pumps blood [1]. Normal range of blood pressure is
defined as, <120mmHg for systolic blood pressure (SBP) and <80 mmHg for diastolic blood
pressure (DBP). Hypertension is a reading of SBP >140 mmHg and/or DBP >90 mmHg [2].
The pathophysiology of hypertension is unknown. In about 95-97% of hypertension cases, the
cause is unknown and its characterized as primary hypertension. In the remaining small per-
cent, an underlying disease is responsible for the raised blood pressure [3].

Often times, hypertension shows no symptoms until it has done substantial damage to the
cardiovascular system. Thus, its often referred as “silent killer” [4]. A high blood pressure
could result blood vessels to develop bulges and create weak spots; which makes it to collapse
and burst. If left uncontrolled, hypertension could cause a heart attack, kidney failure, stroke
and sometimes death [5].

The cellular components of blood contribute to the viscosity, volume and coagulability of
the blood; thus, playing a vital role in regulating blood pressure [6]. Hypertension can alter
hematological parameters of the body, leading to functional disturbances in many systems of
the body. It causes an increase in WBC count, a decrease in red cell deformability and an
increase in platelet activation [7-9]. This alteration may worsen in the microcirculation and
enhance an end-organ damage [10].

Hypertension is the leading cause of cardiovascular disease (CVD) and premature death
worldwide. 1.13 billion people are affected by HTN worldwide [11]. Though, hypertension is a
preventable and modifiable risk factor of CVD, its prevention and control has not yet received
appropriate attention in many developing countries [12]. Ethiopia is one of the lower income
countries that is troubled by double burden of the diseases. A surveillance in Addis Ababa
reported that, 51% of all deaths were due to non-communicable disease, of which, CVD
accounts for 24% and hypertension was responsible for 12% of the CVD deaths [13].

Many recent guidelines on the diagnosis and management of hypertension emphasis that,
total risk of cardiovascular disease should be quantified so that the type and intensity of treat-
ment can be personalized to the degree of overall risk rather than the level of blood pressure
(BP) elevation alone [14]. So, identifying patients with high risk of developing cardiovascular
disease (CVD) will enable for early administration of hypertensive treatment and thus, reduce
the progression of silent vascular damage [15].

There has been a detailed study of the relationship between high blood pressure and bio-
chemical risk factors, like lipid profile association with hypertension and CVD [6]. However,
the definitive pathophysiologic mechanism of hypertension involving hematological parame-
ters is not clearly understood.
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While some research has been carried out to investigate the relationship between hemato-
logical parameters and hypertension, there is still a broad variation in hematological profile of
hypertensive patients between different researches worldwide. Moreover, there are only a few
studies conducted on hematological parameters of hypertensive patients in Ethiopia. Studies
have shown hypertension related changes in hematological parameters and investigation of
these parameters might help for earlier identification and timely management and monitoring
of hypertension related complication such as cardiovascular disease. Thus, routinely available
and inexpensive hematological test such as complete blood count (CBC) will enable the physi-
cian for periodic assessment of the patient conditions and early intervention. So, this study
aimed to compare hematological parameters between hypertensive patients and apparently
healthy normotensive individuals.

Material and methods
Study design, setting and population

A comparative cross-sectional study design was conducted from January to March, 2020 in
two public hospitals; Hiwotfana Specialized University hospital (HFSUH) and Jugel hospital,
Harar, Eastern Ethiopia. HFSUH is located in Harar town, 527 kilometer east of Addis Ababa,
the capital city of Ethiopia [16]. The hospital is a tertiary referral hospital affiliated with the
College of Health and Medical Sciences of Haramaya University, Ethiopia. It is the major refer-
ral hospital in the eastern part of the country serving a catchment area with a population close
to 3 million [17]. Jugel Hospital is a regional general hospital found in the same town and run
by the Harari Regional Health Bureau.

A total of 204 (102 confirmed hypertensive patients and 102 apparently healthy blood
donors) study participants were recruited using convenient sampling method, meaning that
after reviewing their medical records as well as in depth face to-face interview with the partici-
pant, only those who fulfilled the eligibility criteria and consented to participate were selected.
There was a total of 80 and 70 hypertensive patients on follow up in HFSUH and Jugel hospi-
tals, respectively. Thus, we used proportional allocation method to recruit participants from
the two hospitals. Accordingly, 54 and 48 patients were selected from HFSUH and Jugel hospi-
tal, respectively. A study participant with hypertensive and healthy control group were age and
sex matched. At Harar blood bank, donors who were screened for transfusion transmitted
infectious disease and other chronic diseases and found their blood to be safe for transfusion
and gave their consent were recruited and considered as control (normotensive) group.
Hypertensive patients having a history of infectious and chronic disease, alcohol consumers,
smokers, patients taking antibiotic, treatment for anemia, patients with systemic diseases,
pregnant woman and those with secondary hypertension were excluded.

Data collection procedure

Before the data collection, written informed consent was obtained from each participant. In-
depth interview using structured questionnaire and review of medical records was used to
obtain socio-demographic and clinical data of participant. Prior to the actual data collection,
the questionnaire which designed in English was translated into local language (Afan Oromo
and Ambharic) to obtain more reliable data. The questionnaire was pretested among non-par-
ticipants at the study site to test its validity. A 3 ml of venous blood was collected from partici-
pants by qualified phlebotomist and the sample was run in hospital laboratory by qualified
laboratory professional. Blood pressure measurement and anthropometric data such as height
and weight were also collected from each participant.
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Blood pressure and anthropometric measurement

The data regarding anthropometric variables such as height (to the nearest centimeter without
shoes) and weight (to the nearest 0.1 kg) was collected and BMI was calculated as weight in
kilograms divided by height in meter squared. Blood pressure was measured by qualified per-
sonnel (nurse) using analog sphygmomanometer and stethoscope. For blood pressure deter-
mination, measurement was taken twice and average value was used.

Laboratory analysis

A 3 ml venous blood was collected from each participant by experienced phlebotomist and the
sample was analyzed immediately by Beckman Coulter DxH 500 hematology analyzer for com-
plete blood count. WBC count, red blood cell parameters (Hgb, HCT, MCV, MCH, MCHC,
RDW) and platelet parameters (PLT count, MPV, PDW) were obtained from each sample.

Data quality assurance

The sample was collected and analyzed by qualified laboratory professional by strictly follow-
ing standard operation procedures. In addition, three level (low, normal and high) commer-
cially prepared control materials were used daily. Completeness and reliability of the data was
properly checked and result were reviewed and properly documented.

Operational definition

Hypertension. Hypertension is defined as systolic blood pressure >140 mmHg or dia-
stolic blood pressure >90 mmHg.

Pre hypertension. Is defined as systolic blood pressure of 120 -139mmHg and or diastolic
pressure of 80-89 mmHg.

Stage 1 hypertension. A sub type of hypertension with systolic pressure of 140-
159mmHg or diastolic pressure of 90-99 mmHg.

Stage 2 hypertension. Is a subtype of hypertension with systolic pressure of greater than
or equal to 160mmHg or diastolic pressure of greater than equal to 100 mmHg [2].

Case. Patient who are confirmed to be hypertensive and on follow up at Jugel and Hiwot-
fana Specialized University hospital and fulfill the inclusion criteria.

Control. Normotensive apparently healthy screened blood donors at Harar blood bank
and fulfill the inclusion criteria.

Statistical analysis

Data was entered and analyzed using SPSS version 23 software. The results are presented using
tables. The normality of data distribution was checked by statistical tools of Kolmogorov-Smirnov
(K-S). Mean+SD was used for normally distributed data while median with interquartile range for
non-parametric data. Comparison of hematological parameters between hypertensive patient and
apparently healthy normotensive controls was done with independent t-test for normally distrib-
uted data and Mann-Whitney U test for non-parametric data. The correlation of hematological
parameters with blood pressure indices (systolic blood pressure, diastolic blood pressure) was
assessed by Spearman’s correlation. P value < 0.05 was considered as statistically significant.

Ethical consideration

Ethical clearance was obtained from the department of Research and Ethics Review Commit-
tee (DRERC) of Addis Ababa University, College of Health Sciences, department of Medical
Laboratory Science and it was in accordance with the principles of the Helsinki II declaration.
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In addition, an official letter of permission was obtained from the hospitals. Written informed
consent was obtained from each participant and confidentiality of the data was assured
throughout the process.

Results
Sociodemographic and clinical characteristics of the study participants

The study included 204 study participants that comprise, 102 hypertensive patients with mean
age of 51.11 * 8.4 years and 102 controls with mean age of 48.65 + 8.85 years. 63 (61.8%) of
participants were females in both hypertensive and healthy control groups. The majority of
hypertensive patients (85.3%) and control group (83.3%) were urban dwellers. Most of the par-
ticipants in hypertensive patients, 60 (58.8%) and healthy control group, 48 (47.1%) were mar-
ried. Regarding educational status, 44 (43.1%) of hypertensive had primary school while 59
(57.9%) of control had up to secondary school.

The mean value of the systolic and diastolic pressure of hypertensive patients were 138.36
+16.25 and 85.61 £9.28, respectively. The mean body mass index of the patients was
24.22 + 3.93 while it is 23.37 + 3.57 for control groups. The stage of blood pressure of the
patients was also determined and 8.8%, 38.2%, 37.3% and 15.7% were staged as normal, prehy-
pertension, stage 1 and stage 2 respectively (Table 1).

Comparison of hematological parameters among hypertensive and control
groups

The normality of the variables was tested and all hematological parameters except platelets
were not normally distributed. As result, all variables except platelets are expressed as median
plus interquartile range and compared by Manny Whitney test while platelet count is
expressed by mean + SD and tested by independent t test.

The result showed that, there was a statistically significant increase in WBC count, HGB,
HCT, RDW and MPV in hypertensive compared to a healthy control group. In contrast, RBC,
MCV, MCHC, MCH and PLT showed no statistically significant difference between the two
groups (Table 2).

Correlation of hematological parameters with blood pressure indices
among hypertensive individuals

A spearman’s correlation was used to assess the relationship between various hematological
parameters and the blood pressure indices among hypertensive individuals. The result showed
that, there was a significant and weak positive correlation between RBC count and SBP
(r=0.255,P =0.01) as well as RBC and DBP (r = 0.241, P = 0.015). HCT and RDW also
revealed a significant positive correlation with systolic and diastolic blood pressures. The other
hematological variables like WBC, MCV, MCHC, MCH, RDW-SD, PLT count, and MPV
didn’t show significant correlation with blood pressure indices (Table 3).

Correlation of hematological parameters with duration of illness and body
mass index

Spearman correlation was also done to assess linear relationship between some hematological
parameters and body mass index. RDW and WBC count demonstrated a significant but weak
positive correlation with BMI. On the other hand, MPV achieved significant positive correla-
tion with duration of illness while PLT count had negative correlation (Table 4).
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Table 1. Socio-demographic and clinical characteristics of study participants at HFSUH and Jugel Hospitals, Harar, eastern Ethiopia, 2020 (n = 204).

Variables Hypertensive (n = 102) Healthy Control (n = 102)
Age 18-35 4(3.9%) 6(4.9%)
36-55 63(61.8%) 60(59.8%)
>55 35(34.3%) 36(33.3%)
Mean +SD 48.85 = 8.99 51.1+84
Sex Male 39(38.2%) 39(38.2%)
Female 63(61.8%) 63(61.8%)
Residence Urban 87(85.3%) 85(83.3%)
Rural 5(14.7%) 17(16.7%)
Marital status Single 7(6.9%) 34(33.3%)
Married 0(58.8%) 48(47.1%)
Divorced and widowed 35(35.3%) 20(19.6%)
Educational status Iliterate? 22(21.6%) 12(11.8%)
Primary (1-8) 44(43.1%) 16(15.7%)
Secondary (9-12) 28(27.4%) 59(57.9%)
Diploma and above 8(7.8%) 15(14.7%)
Body mass index Mean + SD 24.22+3.93 23.37 +3.57
Blood Pressure Indices Systolic BP (Mean # SD) 138.36+16. 25 111.03 + 6.04
Diastolic BP (Mean + SD) 85.61 £9.28 73.71x 3.75
Stage of blood pressure Normal 9 (8%) 102 (100%)
Prehypertension 39(38.2%)
Stage 1 38(37.3%)
Stage 2 16(15.7%)
Duration of illness < 5 years 52(51.0%)
5-10 years 35(34.3%)
>10 15(14.7%)

Key: Illiterate? = read and write only.

https://doi.org/10.1371/journal.pone.0260751.t001

Finally, we compared hematological parameters between male control and hypertensive

groups, and parameters such as WBC count, MCV and platelet count were normally

Table 2. Comparison of hematological parameters between hypertensive and apparently healthy control group at HFSUH and Jugel hospital, Harar, eastern Ethio-

pia, 2020 (n = 204).

Parameters Hypertensive (n = 102) Healthy controls(n = 102) P-value
Median + IQR Median + IQR
WBC 6.52 £3.08 529227 0.000
RBC 4.78+0.79 4.70 £0.75 0.055
HCT 42.45+5.42 40.60 = 4.33 0.001
HGB 14.50 + 1.93 13.78 £2.13 0.027
MCV 88.05+ 8.84 88.55+11.98 0.394
MCH 29.80 £2.78 30.40 £ 2.03 0.118
MCHC 34.00 £ 1.92 34.35+3.95 0.192
RDW 13.85 +£1.60 13.60 = 1.55 0.018
RDW SD 43.90 = 5.30 42.03 £ 2.85 0.063
MPV 9.50 £2.22 9.04 £ 1.06 0.024
Mean * SD Mean + SD
PLT Count 250.47 £75.72 24499 + 82.24 0.714

https://doi.org/10.1371/journal.pone.0260751.t002
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Table 3. Correlation of hematological parameters with blood pressure indices among hypertensive individuals at
HFSUH and Jugel hospitals, Harar, Eastern Ethiopia, 2020 (n = 204).

Variables Systolic blood pressure Diastolic blood pressure
Correlation coefficient (P-value) Correlation coefficient (P-value)

WBC .180 (0.070) .102 (0.310)

RBC 255 (0.010) ** .241(0.015) *

HGB .156 (0.117) .183(0.065)

HCT 219 (0.027) * .354 (0.000) **
MCV -.162 (0.103) 1030 (0.767)

MCH .076 (0.450) 127 (.204)
MCHC .145(0.147) .181(0.069)

RDW .418 (0.000) ** .281(0.004) **
RDW-SD .186(0.061) 152 (0.127)

PLT COUNT —.070 (0.484) .079 (0.430)

MPV .046 (0.647) .098 (0.329)

Key: * = for p-value< 0.05,
** = for p-value < 0.01.

https://doi.org/10.1371/journal.pone.0260751.t1003

distributed while the rest of the parameters were not. The finding showed that parameters
such as WBC count, MCV, MCH and MCHC were significantly different between the two
groups (Table 5).

In case of females, only platelet count and RDW CV found to be normally distributed. Sig-
nificant difference in WBC count, HCT and Hgb were observed bewteen female control and
hypertensive group (Table 6).

Discussion

Hypertension has become the major public health problem in developing countries [12]. In
Ethiopia, hypertension related CVD death is increasing [13]. Thus, the need for early identifica-
tion of patient with risk of cardiovascular disease and timely intervention is vital. So, this study

Table 4. Correlation of hematological parameters with body mass index and duration of illness among hyperten-
sive individuals at HFSUH and Jugel hospitals, Harar, eastern Ethiopia, 2020 (n = 204).

Variables BMI r (P-value) Duration of illness r (P-value)
WBC .208(0.036) * .155(0.119)
RBC .114(0.253) .126(0.206)
HGB .034(0.736) .125(0.211)
HCT .011(0.915) .060(0.552)
MCV -.154(0.122) -.064(0.524)
MCH .014(0.890) -.123(0.217)
MCHC .019(0.850) -.127(0.205)
RDW .198(0.046) * 1049(0.622)
RDW-SD .030(0.763) -.075(0.455)
PLT COUNT .190(0.056) -.219(0.027) *
MPV -.022(0.828) 255(0.010) *

Key: * = for p-value< 0.05,

** = for p-value < 0.01, r = correlation coefficient.

https://doi.org/10.1371/journal.pone.0260751.t1004
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Table 5. Comparison of hematological parameters between male hypertensive and male control group at HFSUH and Jugel hospital, Harar, Ethiopia, 2020

(n=78).
Parameters Hypertensive males (n = 39) Healthy control males (n = 39) P value
Mean + SD Mean + SD
WBC (103/ul) 6.82+ 2.02 5.30 + 1.50 0.013
PLT Count(10%/ul) 241.95 + 67.01 234.25 + 66.37 0.972
MCV (fl) 89.37+ 4.48 86.81+ 7.64 0.030
MCH (pg) 30.48+ 1.40 31.10+ 2.70 0.040
Median + IQR Median + IQR
HCT (%) 45.10+ 7.20 41.80 £ 6.00 0.029
Hgb (g/dl) 15.50 £ 2.60 15.03 £2.33 0.404
MCHC(g/dl) 34.7+ 1.60 36.2 £1.40 0.001
RDW CV (%) 13.80 £1.40 14.00+ 0.90 0.213
RDW SD (fl) 43.20 £ 5.00 42.60 £ 6.30 0.700
MPV (f]) 9.50 £ 2.30 8.80 £ 1.32 0.072
RBC (10%/ul) 5.20 £ 0.86 4.89 £ 0.65 0.146

https://doi.org/10.1371/journal.pone.0260751.t005

is aimed to compare hematological profile of hypertension patients with apparently healthy

individuals as well as to correlate blood pressure indices with hematological parameters.

In this study, the median values of WBC count, Hgb, HCT,RDW and MPV were signifi-
cantly higher in hypertensive patients compared to apparently healthy control group. In the
bivariate correlation analysis, RBC count, HCT and RDW showed positive correlation with
blood pressure indices. RDW and WBC count also achieved significant positive correlation
with BMI. On the other hand, duration of hypertension was positively and negatively corre-
lated with MPV and PLT count, respectively.

Our finding showed that hypertensive group had significantly higher median + IQR value

of WBC count (6.52 + 3.08) compared to the control group (5.29 £2.27). The finding is in

agreement with Enawegaw et al. [18], Babu et al. [15], Al muhana et al. [19] and Emamian et
al. [7]. In contrast to this, another studies by Reis RS et al. [20] and Divya R et al. [21] showed
no statistically significant result in WBC count. The increased WBC count in hypertensive
patient could be due to the presence of vascular dysfunction in those patients which leads to

Table 6. Comparison of hematological parameters between female hypertensive and female control group at HFSUH and Jugel hospital, Harar, Ethiopia, 2020

(n=78).
Parameters Hypertensive females (n = 63) Healthy control females (n = 63) P-value
Median + IQR Median + IQR
WBC (10°/ul) 6.40 + 2.62 517+ 1.97 0.001
RBC count 4.69 £0.53 4.58 £0.70 0.104
MCV (fl) 88.10 £10.70 89.70+ 10.80 0.073
MCH (pg) 29.65 + 3.10 30.30 £ 2.00 0.150
HCT (%) 42.00 £ 4.90 40.00 £ 4.00 0.010
Hgb (g/dl) 14.01 £ 1.60 13.20 £ 1.30 0.012
MCHC(g/dl) 33.40+ 1.50 33.30 £ 3.10 0.414
RDW SD (fl) 44.30 £5.70 42.03 £1.30 0.044
MPV (f]) 9.50 £ 1.35 9.05 £0.71 0.108
Mean + SD Mean + SD
PLT Count(10%/ul) 255.75 + 89.71 251.63 +90.56 0.439
RDW CV (%) 1413 £1.27 13.20 £1.31 0.928

https://doi.org/10.1371/journal.pone.0260751.t006
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activation of cytokine system. cytokines such as SCF/c-kit are produced to repair the endothe-
lial injury; participate in differentiation and proliferation of hematopoietic cell [22]. Activated
and differentiated leucocytes can produce more cytokines and the increased adherence of the
stimulated leukocytes to the vascular endothelium; causing capillary leukocytosis and subse-
quent increased vascular resistance, thus, causing an increase in blood pressure [23]. Activated
WBCs also reflect the inflammatory activity of atherosclerosis that perpetuates vascular injury
and tissue ischemia [24].

In the present study, the median+ IQR values of Hgb were found to be significantly higher in
the hypertensive (14.50+1.93) than in control (13.78+2.13) group. Studies from India [15], Iran
[7], Korea [9] and Ethiopia [8] found similar results. In contrast, studies from Brazil [20], Saudi
[19] and India [21] Showed contradicting result. The reason behind the increment of Hgb in
hypertensive patients are not entirely known; but it might be related to endothelial cell damage
and subsequent increased in the concentrations of growth factors [25]. Evidences show that
concentration of serum hepatocyte growth factor is positively associated with hypertension and
increased Hgb concentration. As growth factors enhance hematopoiesis, which produces eryth-
rocytes, hemoglobin levels may increase with increasing levels of growth factors [26, 27].

In this study, the median+ IQR values of HCT were found to be significantly higher in the
hypertensive (42.45+5.42) than control (40.60+4.33) group. Previous studies also showed simi-
lar results [7, 8, 15, 28]. On the other hand, study by Divya et al. [21] found significantly lower
HCT levels in hypertensive patients compared with control group. The possible mechanisms
underlying the association between HCT and high blood pressure is that, HCT is a determi-
nant factor for high whole blood viscosity during hypertension [29]. This may lead to a periph-
eral resistance to blood flow and high blood pressure [30]. Evidences showed that, most
hypertensive patients exhibit increased blood viscosity compared with healthy controls. There-
fore, high HCT in hypertension could reflect a true increase in red blood cell mass as well as
hemoconcentration caused by a reduction in plasma volume [28].

In our study, median + IQR of RDW increased significantly in hypertensive group
(13.90 + 1.65) than in a healthy control (13.60 + 1.55) group. This result is in line with studies
by Tanindi A. et al. [31] and Gunebakmaz O.et al. [32]. Another study from Iran by Emanain
M. etal. [7] reported contradicting result. The increased RDW is supported by evidences that
suggest higher RDW result from ineffective erythropoiesis due to chronic inflammation [33].
Inflammatory cytokines have been found to smother the maturation of erythrocytes, which
enable juvenile red cells to enter into the circulation and increases the heterogeneity in size
[34]. In addition, raised RDW may reflect enhanced erythropoiesis coming about because of
the circulating levels of neurohormonal mediators, which lead to an increase in the heteroge-
neity of circulating red cells [35].

This study also revealed that the median+ IQR value of MPV is higher in hypertensive
patients (9.55 + 2.22) compared to control group (9.04 + 1.06). This result is in line with a
study conducted in Gondar, Ethiopia [8]. The possible mechanisms for the increased MPV
could relate to vascular injury in hypertensive patients. High blood pressure causes endothelial
damage, which leads to increased PLT activation and initiation of PLT production. Evidences
suggest that PLT consumption increases at the site of injured blood vessel; which causes larger
PLTs to escape from the bone marrow. This leads to increment in PLT count and MPV. Since
larger PLT's are hemostatically more active than mature one, their presence becomes a risk fac-
tor for development of coronary thrombosis and myocardial infraction [36, 37].

As to the correlation of hematological parameters and blood pressure indices, HCT level
was significantly and positively correlated with both systolic (r = 0.219, P = 0.027) and diastolic
(r=0.354, P = 0.00) blood pressures. This finding is in line with studies from Ethiopia [8] and
Italy [28]. A study from Nigeria [38] however, found a negative correlation between HCT and
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blood pressure indices. The exact reason behind positive correlation of HCT with blood pres-
sure is still unknown but it might be related to an increase in red blood cell mass which
increases with blood pressure.

RBC count was also weakly and positively correlated with systolic (r = 0.255, P = 0.01) and
diastolic (r = 0.241, P = 0.015) blood pressures in our study. This result is in accordance with
Enawegaw et al. [8].This association could be explained by the augmentation of growth factors
due to distended vascular injury caused by increased blood pressure [6]. RDW was also posi-
tively correlated with systolic (r = 0.418, P = 0.000) and diastolic (r = 0.281, P = 0.004) blood
pressure. This positive correlation could be related to the amplified chronic inflammation
which comes from increased blood pressure [33].

With respect to the correlation of hematological indices with BMI in hypertensive patients,
WBC count achieved positive correlation with BMI (r = 0.208). This could be due to the fact
that adipose tissue is a great source of inflammatory factors, such as interleukin(IL)-6 and IL-
8, which are also important inducers of WBC production [39]. RDW also achieved significant
positive correlation with BMI (r = 0.198). This might be due to the fact that, obesity is charac-
terized by chronic, low grade, systemic inflammation which could lead to impaired erythropoi-
esis there by elevating RDW [40].

In present study, duration of illness since diagnosis of hypertension achieved significant but
negative correlation with platelet count (r =-0.219, P = 0.027) and positive correlation with
MPV (r = 0.255, P = 0.01). This could be due to the fact that, vascular complication in hyper-
tensives worsens with longer duration. This means, the vascular injury and consequent platelet
activation leads to consumption of platelets and escaping of larger PLTs from the bone marrow
[41]. This could lead to lower platelet count and high MPV.

Finally, the effect of hypertensive treatment on the hematological parameters were not assessed
and using this study as baseline, more advanced studies that include lipid profile of patient and
control are required to address these problems and to fully comprehend the role of hematological
parameters in the prognosis and management of hypertension related complication.

Conclusion

In the present study, the median values of WBC count, Hgb, HCT t, RDW and MPV was sig-
nificantly higher in hypertensive patient compared with healthy controls. In the bivariate
spearman correlation analysis, RBC count, HCT and RDW showed significant correlation
with blood pressure indices. Duration of illness also achieved significant correlation with plate-
let count (r = - 0.219) and MPV (r = 0.255). Thus, investigation of hematological parameters
might help in earlier identification and timely intervention of hypertension complication
related to abnormal hematological parameters. However, further studies are required to
understand hypertensive associated changes in hematological parameters.

Supporting information

S1 Annex. Questionnaire for hypertension patients and controls.
(DOCX)

S2 Annex. SPSS data sheet.
(SAV)

Acknowledgments

We would also like to extend our gratitude to the hospital heads, the study participants and the
data collectors for their collaboration.

PLOS ONE | https://doi.org/10.1371/journal.pone.0260751 December 7, 2021 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260751.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260751.s002
https://doi.org/10.1371/journal.pone.0260751

PLOS ONE

Hematological parameters between hypertensive and normotensive individuals

Author Contributions

Conceptualization: Beza Sileshi, Fekadu Urgessa, Moges Wordofa.
Data curation: Beza Sileshi.

Formal analysis: Beza Sileshi.

Funding acquisition: Beza Sileshi.

Investigation: Beza Sileshi, Fekadu Urgessa, Moges Wordofa.
Project administration: Beza Sileshi, Fekadu Urgessa, Moges Wordofa.
Software: Beza Sileshi.

Supervision: Fekadu Urgessa, Moges Wordofa.

Validation: Beza Sileshi, Fekadu Urgessa, Moges Wordofa.
Writing - original draft: Beza Sileshi.

Writing - review & editing: Beza Sileshi, Fekadu Urgessa, Moges Wordofa.

References
1.  WHO. A global brief on hyper tension World Health Day. 2013.

2. WHO. International Society of Hypertension (ISH) statement on management of hypertension. Journal
of Hypertension. 2003; 1 (21): 1983-92. https://doi.org/10.1097/00004872-200311000-00002 PMID:
14597836

3. Gareth Beevers, Lip Gregory Y H, Eoin OB. The pathophysiology of hypertension BMJ. 2001;322.
AE D. Hypertension and vascular disease. Am J Hypertens. 1991; 4(2):103S.

Flack John M., Peters Rosalind, Shafi Tariq, Alrefai Hisham, Nasser Samar A., Crook E. Prevention of
Hypertension and Its Complications: Theoretical Basis and Guidelines for Treatment.JASN.2003;
14:92-8. https://doi.org/10.1097/01.asn.0000070142.14843.8e PMID: 12819310

6. Karabulut A, AK. Clinical implication of hematological indices in the essential hypertension. World J
Hypertens. 2015; 5(2):93-7.

7. Emamian M, Hasanian SM, Tayefi M, Bijari M, Movahedian far F, M S. Association of hematocrit with
blood pressure and hypertension. Journal of clinical laboratory analysis. 2017; 31(6):e22124. https://
doi.org/10.1002/jcla.22124 PMID: 28105697

8. Enawgaw B AN, Terefe B, Asrie F, Melku M. A comparative cross-sectional study of some hematologi-
cal parameters of hypertensive and normotensive individuals at the university of Gondar hospital, North-
west Ethiopia. BMC hematology. 2017; 17(1):21.

9. KimNH, Lee JM, Kim HC, Lee JY, Yeom H, JH L. Cross-sectional and longitudinal association between
hemoglobin concentration and hypertension: A population-based cohort study. Medicine. 2016; 95(41).
https://doi.org/10.1097/MD.0000000000005041 PMID: 27741113

10. Merad-boudia H, Dali-Sahi M, Kachekouche Y, Medjati N. Hematologic disorders during essential
hypertension. Diabetes & Metabolic Syndrome: Clinical Research & Reviews. 2019; 13(2):1575-9.
https://doi.org/10.1016/j.dsx.2019.03.011 PMID: 31336524

11.  Mills KT, Stefanescu A HJ. The global epidemiology of hypertension. Nat Rev Nephrol. 2020; 16:223—
37. https://doi.org/10.1038/s41581-019-0244-2 PMID: 32024986

12. Campbell NR, D L. Hypertension in sub-Saharan Africa: a massive and increasing health disaster await-
ing solution. Cardiovascular journal of Africa. 2015; 26(4):152. PMID: 26407216

13. A M, Haile Mariam D, T. A. The Double Mortality Burden Among Adults in Addis Ababa, Ethiopia, 2006—
2009. CDC,Preventing Chronic Disease. 2012;9.

14. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al. International Society of
Hypertension global hypertension practice guidelines. J Hypertens. 2020; 38:982—1004. https://doi.org/
10.1097/HJH.0000000000002453 PMID: 32371787

15. BabuKR, Solepure A, R. S. Comparison of hematological parameters in primary hypertensives and nor-
motensives of sangareddy. Int J Biomed. 2015; 6(5):309-15.

16. National census of Ethiopia, central statistical agency (CSA), 2007.

PLOS ONE | https://doi.org/10.1371/journal.pone.0260751 December 7, 2021 11/13


https://doi.org/10.1097/00004872-200311000-00002
http://www.ncbi.nlm.nih.gov/pubmed/14597836
https://doi.org/10.1097/01.asn.0000070142.14843.8e
http://www.ncbi.nlm.nih.gov/pubmed/12819310
https://doi.org/10.1002/jcla.22124
https://doi.org/10.1002/jcla.22124
http://www.ncbi.nlm.nih.gov/pubmed/28105697
https://doi.org/10.1097/MD.0000000000005041
http://www.ncbi.nlm.nih.gov/pubmed/27741113
https://doi.org/10.1016/j.dsx.2019.03.011
http://www.ncbi.nlm.nih.gov/pubmed/31336524
https://doi.org/10.1038/s41581-019-0244-2
http://www.ncbi.nlm.nih.gov/pubmed/32024986
http://www.ncbi.nlm.nih.gov/pubmed/26407216
https://doi.org/10.1097/HJH.0000000000002453
https://doi.org/10.1097/HJH.0000000000002453
http://www.ncbi.nlm.nih.gov/pubmed/32371787
https://doi.org/10.1371/journal.pone.0260751

PLOS ONE

Hematological parameters between hypertensive and normotensive individuals

17.
18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

Hiwot fana specialized university hospital annual report of 2017. 2017.

Gebrie A, Gnanasekaran N, Menon M, Sisay M, A Z. Evaluation of lipid profiles and hematological
parameters in hypertensive patients: Laboratory-based cross-sectional study. SAGE open medicine.
2018;6. https://doi.org/10.1177/2050312118756663 PMID: 29468066

Al-Muhana FA, Larbi EB, Al-Ali AK, Al-Sultan A, Al- Ateeeq S, Soweilem L. Haematological, lipid profile
and other biochemical parameters in normal and hypertensive subjects among the population of the
eastern province of Saudi Arabia. East African medical journal. 2006; 83(1):44—8. https://doi.org/10.
4314/eamj.v83i1.9360 PMID: 16642750

Reis RS, Bensefior IJ. LP. Laboratory assessment of the hypertensive individual. Value of the main
guidelines for high blood pressure. Arq Bras Cardiol. 1999; 73(2):201-10. https://doi.org/10.1590/
s0066-782x1999000800008 PMID: 10752189

R. D, V. A. A study of hematological parameters and anthropometric indicators in hypertensive and nor-
motensive males. International Journal of Current Research and Review 2016; 8(4):6.

Brown D, Giles WH, Croft JB. White blood cell count: an independent predictor of coronary heart dis-
ease mortality among a national cohort. Journal of clinical epidemiology. 2001; 54:316—22. https://doi.
org/10.1016/s0895-4356(00)00296-1 PMID: 11223329

Kim DJ, Noh JH, Lee BW, Choi YH, Chung JH, Min YK, et al. The associations of total and differential
white blood cell counts with obesity, hypertension, dyslipidemia and glucose intolerance in a Korean
population. J Korean Med Sci. 2008; 23:193-8. https://doi.org/10.3346/jkms.2008.23.2.193 PMID:
18436999

Lee CD, Folsom AR, Nieto FJ, Chambless LE, Shahar E, DA. W. White blood cell count and incidence
of coronary heart disease and ischemic stroke and mortality from cardiovascular disease in African-
American and white men and women: Atherosclerosis Risk in Communities Study. Am J Epidemio.
2001; 154:758-64. https://doi.org/10.1093/aje/154.8.758 PMID: 11590089

Kadota K, Shimizu Y, Nakazato M, Noguchi Y, Koyamatsu J, Yamanashi H, et al. Hemoglobin as a
response marker of endothelial cell damage in elderly non-overweight non-anemic subjects. Acta Med-
ica Nagasakiensia. 2016; 60:103-8.

Takai K, Hara J, Matsumoto K, Hosoi G, Osugi Y, Tawa A, et al. Hepatocyte growth factor is constitu-
tively produced by human bone marrow stromal cells and indirectly promotes hematopoiesis. Blood.
1997; 89(5):1560-5. PMID: 9057637

Nakamura Y, Morishita R, S N. A vascular modulator,hepatocyte growth factor, is associated with sys-
tolic pressure. Hypertension. 1996; 28:409—13. https://doi.org/10.1161/01.hyp.28.3.409 PMID: 8794825

Cirillo M, Laurenzi M, Trevisan M, Stamler J. Hematocrit, blood pressure, and hypertension. The Gubbio
Population Study. Hypertension. 1992; 20:319-26. https://doi.org/10.1161/01.hyp.20.3.319 PMID:
1516951

B. S. Red cell fluidity in hypertension. Clin Hemorheol Microcirc. 1998; 21(34):179-81.

Y. G, G. D, M. P, C. AB. Effect of hematocrit on blood pressure via hyperviscosity. American Journal of
Hypertension. 1999; 12(7):739-43. https://doi.org/10.1016/s0895-7061(99)00011-4 PMID: 10411372

Tanindi A, Topal FE, Topal F, B. C. Red cell distribution width in patients with prehypertension and
hypertension. Blood pressure. 2012; 21(3):177-81. https://doi.org/10.3109/08037051.2012.645335
PMID: 22243409

Gunebakmaz O, Kaya MG, Duran M, Akpek M, Elcik D, Eryol NK. Red blood cell distribution width in
‘non-dippers’ versus 'dippers’. Cardiology. 2012; 123(3):154-9. https://doi.org/10.1159/000342667
PMID: 23128599

LiN, Zhou H, Q T. Red blood cell distribution width: a novel predictive indicator for cardiovascular and
cerebrovascular diseases. Disease markers. 2017:23. https://doi.org/10.1155/2017/7089493 PMID:
29038615

Turchetti V, Bellini MA, Guerrini M, S. F. Evaluation of hemorheological parameters and red cell mor-
phology in hypertension. Clin Hemorheol Microcirc. 1999; 21:285-9. PMID: 10711756

Fornal M, Wizner B, Cwynar M, Krolczyk J, Kwater A, R. K, et al. Association of red blood cell distribu-
tion width, inflammation markers and morphological as well as rheological erythrocyte parameters with
target organ damage in hypertension. Clinical Hemorheology and Microcirculation. 2014; 56(4):325-35.
https://doi.org/10.3233/CH-131745 PMID: 23719424

Inanc T, Kaya MG, Yarlioglues M, Ardic |, Ozdogru |, Dogan A, et al. The mean platelet volume in
patients with non-dipper hypertension compared to dippers and normotensives. Blood Press. 2010; 19
(2):81-5. https://doi.org/10.3109/08037050903516284 PMID: 20367545

Sahin |, Karabulut A, Avci ll, Okuyan E, Biter HI, Yildiz SS, et al. Contribution of platelets indices in the
development of contrast-induced nephropathy. Blood CoagulFibrinolysis. 2015; 26(3):246-9. https://
doi.org/10.1097/MBC.0000000000000107 PMID: 24695089

PLOS ONE | https://doi.org/10.1371/journal.pone.0260751 December 7, 2021 12/13


https://doi.org/10.1177/2050312118756663
http://www.ncbi.nlm.nih.gov/pubmed/29468066
https://doi.org/10.4314/eamj.v83i1.9360
https://doi.org/10.4314/eamj.v83i1.9360
http://www.ncbi.nlm.nih.gov/pubmed/16642750
https://doi.org/10.1590/s0066-782x1999000800008
https://doi.org/10.1590/s0066-782x1999000800008
http://www.ncbi.nlm.nih.gov/pubmed/10752189
https://doi.org/10.1016/s0895-4356(00)00296-1
https://doi.org/10.1016/s0895-4356(00)00296-1
http://www.ncbi.nlm.nih.gov/pubmed/11223329
https://doi.org/10.3346/jkms.2008.23.2.193
http://www.ncbi.nlm.nih.gov/pubmed/18436999
https://doi.org/10.1093/aje/154.8.758
http://www.ncbi.nlm.nih.gov/pubmed/11590089
http://www.ncbi.nlm.nih.gov/pubmed/9057637
https://doi.org/10.1161/01.hyp.28.3.409
http://www.ncbi.nlm.nih.gov/pubmed/8794825
https://doi.org/10.1161/01.hyp.20.3.319
http://www.ncbi.nlm.nih.gov/pubmed/1516951
https://doi.org/10.1016/s0895-7061(99)00011-4
http://www.ncbi.nlm.nih.gov/pubmed/10411372
https://doi.org/10.3109/08037051.2012.645335
http://www.ncbi.nlm.nih.gov/pubmed/22243409
https://doi.org/10.1159/000342667
http://www.ncbi.nlm.nih.gov/pubmed/23128599
https://doi.org/10.1155/2017/7089493
http://www.ncbi.nlm.nih.gov/pubmed/29038615
http://www.ncbi.nlm.nih.gov/pubmed/10711756
https://doi.org/10.3233/CH-131745
http://www.ncbi.nlm.nih.gov/pubmed/23719424
https://doi.org/10.3109/08037050903516284
http://www.ncbi.nlm.nih.gov/pubmed/20367545
https://doi.org/10.1097/MBC.0000000000000107
https://doi.org/10.1097/MBC.0000000000000107
http://www.ncbi.nlm.nih.gov/pubmed/24695089
https://doi.org/10.1371/journal.pone.0260751

PLOS ONE

Hematological parameters between hypertensive and normotensive individuals

38.

39.

40.

41.

Ighoroje A, D D. Sex variations in the haemorheological parameters of some hypertensive Nigerians as
compared to normotensive. Niger J Physiol Sci. 2005; 20(1):338.

Farhangi MA, Keshavarz SA, Eshraghian M, Ostadrahimi A, AA S-Y. White blood cell count in women:
relation to inflammatory biomarkers, haematological profiles, visceral adiposity, and other cardiovascu-
lar risk factors. J Health Popul Nutr. 2013; 31:58—64. https://doi.org/10.3329/jhpn.v31i1.14749 PMID:
23617205

Alrubaie A, Majid S, Alrubaie R, FA K. Effects of Body Mass Index (BMI) on complete blood count
parameters. Inflammation. 2019; 8(11).

Yarlioglues M, Kaya MG, Ardic |, Dogdu O, Kasapkara HA, Gunturk E, et al. Relationship between
mean platelet volume levels and subclinical target organ damage in newly diagnosed hypertensive
patients.Blood Press. 2011; 20(2):92—7. https://doi.org/10.3109/08037051.2010.532317 PMID:
21105760

PLOS ONE | https://doi.org/10.1371/journal.pone.0260751 December 7, 2021 13/13


https://doi.org/10.3329/jhpn.v31i1.14749
http://www.ncbi.nlm.nih.gov/pubmed/23617205
https://doi.org/10.3109/08037051.2010.532317
http://www.ncbi.nlm.nih.gov/pubmed/21105760
https://doi.org/10.1371/journal.pone.0260751

