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Background: Hypertension (HTN) is a risk factor for stroke, renal failure, and cardio-
vascular disease. The association between biochemical and hematological parameters 
with high blood pressure may provide a more precise approach to risk prediction con-
ferred by HTN in these patients.
Objective: The aim of current study was to explore whether biochemical and hemato-
logical parameters are associated with HTN in a cohort study with a 7-year follow-up.
Materials and Methods: A total of 9808 individuals were enrolled and recruited as part 
of the Mashhad Stroke and Heart Atherosclerotic Disorders (MASHAD) cohort study, 
and biochemical and hematological factors were measured in all subjects. Univariate 
and multivariate logistic regression analysis were performed to determine the associa-
tion of biochemical and hematological parameters with HTN.
Results: Several biochemical parameters including fasting plasma glucose (FBG), serum 
high-sensitivity C-reactive protein (hs-CRP), triglyceride (TG), total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C), and uric acid were increased in hyperten-
sive participants. In contrast, serum high-density lipoprotein cholesterol (HDL-C) was 
lower in hypertensive individuals. Furthermore, we demonstrated that hematological 
parameters including white blood cell (WBC) count, red blood cell (RBC) count, hemo-
globin (HGB), hematocrit (HCT), and mean corpuscular hemoglobin (MCH) were higher 
in the hypertensive group compared to the control group. But mean corpuscular 
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1  | INTRODUCTION

Hypertension is defined as a systolic pressure ≥140 mm Hg or a diastolic 
pressure ≥90 mm Hg.1 The prevalence of hypertension is different 
among various geographic regions2 and is increasing worldwide. Thus, 
identification of novel biomarkers could help in early detection and ef-
fective prevention of hypertension complications in high risk patients.

The relationship between high blood pressure and biochemical 
risk factors has been studied in detail. Most studies in this field have 
focused on the association of lipid profile with hypertension and their 
effect on the severity of clinical presentations in cardiovascular dis-
eases.3–5 But little is known about the association of hematological pa-
rameters with HTN. Recently it has been demonstrated that elevated 
white blood cell (WBC) count, especially neutrophils, is associated with 
hypertension.6–8 Moreover, high levels of red cell distribution width 
(RDW), variability in the size of circulating erythrocytes, is associated 
with hypertension.9 Consistent with these findings, hematocrit (HCT), 
a major determinant of blood viscosity, is associated with the risk of 
high blood pressure and is considered as a risk factor for HTN.10–12 
Furthermore, the association of hemoglobin (HGB) level in the patho-
genesis of hypertension related diseases has been investigated.13,14

While some research has been carried out on the relationship be-
tween biochemical and hematological factors with hypertension, in 
most of these studies only one or two factors were studied in a small 
population, thus role of these biochemical and hematological param-
eters as independent risk factors for predicting hypertension and se-
verity of clinical presentations is controversial. In the present study we 
explored the association of almost all of biochemical and hematological 
parameters with risk of HTN occurrence in 9808 individuals in a cohort 
study to provide a new insight regarding the relationship between bio-
chemical and hematological markers with risk of HTN.

2  | MATERIALS AND METHODS

2.1 | Population

In current study, 9808, 3934 men and 5874 women, were recruited 
as part of the Mashhad Stroke and Heart Atherosclerotic Disorders 

(MASHAD) Study using a cluster-randomized-assigned during 2007-
2008, as described previously.15 Recruits had no known history of in-
fectious diseases, nor a family history of stroke, myocardial infarction, 
and diabetes mellitus. They were divided into two groups according 
to the report of American Heart Association (23.7% in the hyperten-
sive and 76.3% in the control group). we considered the patients with 
a systolic pressure ≥140 mm Hg or a diastolic pressure ≥90 mm Hg 
as hypertensive Informed consent was obtained from all participants 
using protocols approved by the Ethics Committee of the MUMS.15

2.2 | Measurement of blood pressure

We measured SBP and DBP by sphygmomanometer twice in exactly 
the same manner. It was measured on the left arm when the individuals 
remained seated at rest for 15 minutes. We took the third measure-
ment and averaged the two closest readings, if the first two readings 
differ by more than 15 mm Hg in diastolic or more than 25 mm Hg in 
systolic blood pressure.

2.3 | Anthropometric and biochemical 
measurements

Anthropometric parameters, including height, body weight, Body 
mass index (BMI) and waist circumference (WC) were evaluated in all 
the subjected as previously described.16, 17 Biochemical parameters, 
including total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C) and triglyceride 
(TG), C-reactive protein (CRP), fasting blood glucose (FBG) and uric 
acid were determined as described previously.18, 19

2.4 | Measurements of hematological markers

Hematological factors, including white blood cell (WBC), red blood cell 
(RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC), red cell distribution width (RDW), 
platelet count (PLT), platelet distribution width (PDW) were measured 
in all the subjects, as described previously.20

volume (MCV), and red cell distribution width (RDW), were decreased in the hyperten-
sive group. Furthermore, our results strongly suggested that among these parameters, 
hematocrit was the independent risk factor for hypertension in the population.
Conclusion: We demonstrated the association of altered biochemical and hematologi-
cal factors with hypertension supporting the value of emerging markers for early pre-
diction of high blood pressure in prone individuals.
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2.5 | Statistical analysis

Data analysis was carried out using SPSS-18 software (SPSS Inc., IL, 
USA). The normality of data was evaluated using Kolmogorov–Smirnov 
test. Descriptive statistics including mean, frequency, and standard 
deviation (SD) were determined for all variables and expressed as 
Mean ± standard deviation (SD) for variables with normally distribu-
tion or median ± IQR for not normally distributed variables. For nor-
mally distributed variables, Student’s t test was applied to compare 
clinical and baseline demographics characteristics between groups. 
The Mann–Whitney U test was used for continuous non-normal varia-
bles. For categorical parameters, Chi-square or Fisher exact tests were 
used. Logistic regression analysis was used to evaluate the association 
of hematological parameters with HTN. All the analyses were two-
sided and P value <.05 was considered as significant.

3  | RESULTS

3.1 | General characteristics of the subjects

Clinical and demographic characteristics of participants are presented 
in Table 1. Almost one-fourth of the participants (~23.7%) had HTN. 
The mean age was 52.06 ± 7.92 and 46.85 ± 7.97 years for HTN and 
control groups respectively. Our results demonstrated that the levels 
of BMI, WC, SBP, DBP, FBG, hs-CRP, and Uric acid were significantly 
increased in HTN group, compared to the normotensive (NTN) one. 
But no statistically differences were found on sex and height between 
HTN and NTN groups (Table 1). Moreover, compared to the NTN 
group TC, TG and LDL-C were markedly increased whereas HDL-C 
decreased in the HTN individuals (Table 1).

3.2 | Comparison of hematological parameters 
between groups

We also compared the level of different hematological parameters 
of the participants to compare these results between HTN and 
NTN groups. Results presented in Table 2 clearly demonstrated that 
compared with the control group, hypertensive individuals had sig-
nificantly higher level of WBC, RBC, HGB, HCT (P<.001) and MCH 
(P<.05). In contrast, level of MCV and RDW were lower in the HTN 
group (P<.05) (Table 2). But there were no significant differences 
between the groups with regard to mean corpuscular hemoglobin 
concentration (MCHC), PDW or PLT.

3.3 | Demographic, biochemical, and hematological 
indices as risk factors for hypertension

Logistic regression analysis was performed to determine the odds 
ratio (OR) of the association between demographic, biochemical 
and hematological parameters with HTN (Table 3). Results obtained 
from univariate analysis for biochemical risk factors demonstrated 
that BMI, FBG, TC, LDL, Uric Acid, hs-CRP are associated with HTN. 
To further investigate the association of hematological parameters 

TABLE  1 Comparison of demographic and biochemical 
characteristics between hypertensive (HTN) and normotensive (NTN) 
individuals

Parameters HTN NTN P-value

Age, year 52.06 ± 7.92 46.85 ± 7.97 <.001

Gender, N (%) Male: (41.4%) Male: (39.7%) .14

Female: (58.6%) Female: (60.3%)

BMI (kg/m2) 29.28 ± 4.67 27.47 ± 4.67 <.001

SBP (mm Hg) 145.6 ± 19.13 114.47 ± 11.64 <.001

DBP (mm Hg) 93.11 ± 11.1 74.81 ± 8 <.001

WC (cm) 99.33 ± 11.57 93.94 ± 11.91 <.001

Weight (kg) 75.18 ± 13.06 70.73 ± 12.65 <.001

Height (m) 1.60 ± 0.094 1.61 ± .091 .26

TC (mg/dL) 199.84 ± 55.65 189.71 ± 61.28 <.001

LDL-C (mg/dL) 120.22 ± 36.95 115.41 ± 34.66 <.001

hs-CRP (mg/dL) 1.98 (3.19) 1.55 (2.34) <.001

HDL-C (mg/dL) 43 ± 10.03 42.82 ± 9.92 .45

FBG (mg/dL) 100.97 ± 45.95 90.11 ± 36.67 <.001

TG (mg/dL) 137 (93) 115 (85) <.001

Uric acid 4.93 ± 1.39 4.58 ± 1.4 <.001

BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; WC, waist circumference; TC, total cholesterol; LDL-C, low-
density lipoprotein cholesterol; hs-CRP, high-sensitivity C reactive protein; 
HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; 
TG, triglyceride.
Values are presented as the mean ± SD or median and IQR for normally or 
non-normally distributed variables, respectively. Student’s t test and 
Mann–Whitney U test were used to compare differences between two 
groups.

TABLE  2 Comparison of the serum level of hematological 
parameters between hypertensive (HTN) and those with normal 
blood pressure (NTN)

Parameters HTN NTN P-value

WBC (109/L) 6.21 ± 1.55 6.05 ± 1.57 <.001

RBC (1012/L) 4.93 ± 0.48 4.83 ± 0.49 <.001

HGB (g/dL) 13.89 ± 1.54 13.68 ± 1.82 <.001

HCT (%) 41.72 ± 4.08 41.08 ± 5.26 <.001

MCV (fl) 84.58 ± 6 85.01 ± 6 .003

MCH (pg/cell) 28.25 ± 2.39 28.36 ± 2.74 <.05

RDW (%) 13.82 ± 1.01 13.91 ± 1.05 .002

MCHC (g/dL) 33.24 ± 1.78 33.25 ± 1.64 .77

PLT (109/L) 231.46 ± 63.7 229.46 ± 60.25 .17

PDW (%) 12.89 ± 3.39 12.74 ± 1.99 .06

WBC, White blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, he-
matocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemo-
globin; RDW, red cell distribution width; MCHC, mean corpuscular 
hemoglobin concentration; PLT, platelet count; PDW, platelet distribution 
width.
Values are presented as the mean ± SD. Student’s t test was used to com-
pare differences between two groups.
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with hypertension, logistic regression analyses were performed 
(Table 3). Our results strongly suggested the association of HCT 
with HTN as an independent predictive risk factor for hypertension 
(Table 3).

4  | DISCUSSION

We have investigated the association of biochemical and hematologi-
cal factors with hypertension in a large Iranian population. We have 
found that level of TC, LDL-C, TG, FBG, hs-CRP and Uric acid were 
significantly increased in HTN individuals compared to the normoten-
sive group. We also measured the association between hematological 
parameters with HTN and our results clearly demonstrated that hy-
pertensive individuals had higher level of WBC, RBC, HGB, MCH, and 
HCT compared to the control one. In contrast, level of MCV and RDW 
were lower in the HTN group (P<.05). To determine the odds ratio for 
these parameters logistic regression analysis was performed and we 
found that hematocrit (HCT) is an independent risk factor for hyper-
tension which could be a novel prognostic marker for early detection 
of hypertension in high risk patients.

In support of our findings, Jae et al. reported an association be-
tween HCT and incidence of hypertension during a mean follow-up 
of 5 years. However, their study population was only restricted to 
men.10 Moreover, in another study Liu et al. in a large cross-sectional 
study found an independent association between HCT and pre-
hypertension in Chinese population.11 Tripolino et al. also found that 
the subjects with prehypertension had significantly higher hemato-
crit, blood and plasma viscosity levels than those of the normotensive 
subjects, whereas they were comparable to those of the hypertensive 
subjects.21 Also it is suggested that the prevalence of hypertension 
was at least two times greater for individuals with Hct levels higher by 

10 units.22 Nakanishi et al., in a cohort of Japanese men, found that 
hematocrit was closely associated with risk for hypertension, after 
controls for other potential factors.23 Another study reported that 
mean arterial blood pressure (MAP) was related to Hct in postmeno-
pausal women.24 Another study showed that Hct was significantly 
associated with increased Homeostasis model assessment of insulin 
resistance (HOMA-IR), in Japanese community dwelling persons. The 
authors also observed a dose-dependent relationship between Hct 
levels and the components of metabolic syndrome.25 In support of the 
importance of Hct, Zeng et al. also demonstrated that higher Hct was 
independently associated with the incidence of hyperuricemia (HU), 
even within the normal range.26 Increase in HCT is usually accompa-
nied by high blood viscosity and increase in RBC count. It has been 
shown that erythrocyte count is increased in hypertensive subjects 
which would increase blood pressure through imposing additional 
load on cardiovascular system.27,28 Consistent with these findings, 
HGB, major cytosolic protein in erythrocytes, was markedly increased 
in HTN group compared to the NTN population. HGB through lim-
iting the nitric oxide availability for vascular smooth muscle cells 
induced vasoconstriction which explains the positive association be-
tween elevated level of HGB with HTN.29 The association between 
HGB and HTN was also investigated in a recent cross-sectional study 
on Korean population in where they showed a positive association 
between HGB level with SBP and DBP.14 Some studies showed that 
mean corpuscular volume (MCV) is a hypertension-related risk fac-
tor,28, 30, 31 whereas others showed no relationship between MCV and 
hypertension.32 Babu et al. in a case–control study containing 100 
hypertensive patients and 100 normotensive subjects demonstrated 
that MCV appears to be inversely related to systolic and diastolic 
blood pressure.28 Consistent with these findings, we showed that 
compared to the control group MCV is decreased in HTN individuals. 
Decrease in MCV is an adaptive mechanism to decrease RBC-induced 

Univariate OR P value Multivariate OR P value

Age 1.08 (1.07-1.09) <.001 0.99 (0.98-1.006) .28

High BMI 2.13 (1.89-2.39) <.001 0.86 (0.965-1.14) .29

Uric acid 1.88 (1.15-1.23) <.001 0.99(0.91-1.07) .85

hs-CRP 1.01 (1.005-1.02) <.001 1.00 (0.98-1.02) .98

High FBG 2.04 (1.82-2.27) <.001 1.23 (0.93-1.63) .14

High TC 0.6 (0.55-0.66) <.001 0.97(0.75-1.23) .78

High LDL-C 1.27 (1.15-1.40) <.001 0.81 (0.64-1.02) .07

WBC 1.07 (1.04-1.10) <.001 1.01 (0.94-1.09) .82

RBC 1.51 (1.37-1.66) <.001 0.92 (0.661-1.28) .61

HGB 1.08 (1.04-1.11) <.001 1.00 (0.95-1.05) .97

HCT 1.03 (1.02-1.04) <.001 1.02(1.003-1.04) .02

MCV 0.99 (0.98-1.00) .003 0.98 (0.96-1.002) .08

RDW 0.98 (0.96-0.99) .001 0.98 (0.94-1.02) .29

Body mass index (BMI), high-sensitivity C reactive protein (hs-CRP), fasting blood glucose (FBG), total 
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), White blood cell (WBC), red blood cell 
(RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), red cell distribution 
width (RDW).
Multivariate analysis was adjusted with the variables were significantly different between two groups.

TABLE  3 Univariate and multivariate 
logistic regression analysis was performed 
to determine the odds ratio (OR) of the 
association between demographic, 
biochemical and hematological parameters 
with HTN
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hypertension and viscosity without compromising blood flow.28, 31, 33 
In our study, there was no significant difference in mean corpuscular 
hemoglobin concentration (MCHC) between HTN and NTN groups. 
These results are in contrast to those studies reported an increased 
or decreased level of MCHC in HTN subjects.28, 32 The reason of this 
inconsistency may be related to the differences in population size and 
ethnicity.

There is growing body of evidence suggesting the association of 
WBC count with hypertension.8, 34 For instance, Nakashiki et al. in a 
cohort study on 3776 Japanese male office workers aged 23–49 years, 
demonstrated that WBC count is a risk factor for hypertension.34 
Moreover, WBC count is an independent predictor of cardiovascular 
morbidity in hypertensive patients.35 In another cohort study, Shankar 
et al. found that increased WBC count is associated with hyperten-
sion in white skin population.8 Our findings are in agreement with 
these studies suggesting that WBC count is elevated in hypertensive 
individuals and is associated with high blood pressure.

There are also evidence suggesting that RDW is a potential predic-
tor of mortality and morbidity in cardiovascular diseases.36, 37 Elevated 
RDW has been associated with adverse clinical outcomes in patients 
with hypertension,38 coronary heart disease 39 and pulmonary hyper-
tension.40 In a prospective study by chavon et al. RDW was an import-
ant prognostic biomarker for pulmonary hypertension complications.41 
Increased level of RDW may act as a marker of systemic inflammation 
and oxidative stress which are important biological mechanisms in 
both initiation and progression of hypertension.9 Systemic inflamma-
tion can cause bone marrow dysfunction leading to release of imma-
ture erythrocytes and subsequent anisocytosis which increase the 
level of RDW, as well.42 Conversely, in our study level of RDW was 
higher among normotensive individuals. This can be explained, at least 
in part, by considering the role of gene polymorphisms and gene dele-
tions in regulating hypertension in different populations.43–47 Further 
studies could investigate the association of candidate gene polymor-
phisms on hypertension in Iranian population.

A major strength of the present study is that it was performed in a 
large population which provides a new insight regarding the relation-
ship between biochemical and hematological parameters with risk of 
HTN in a representative sample of Iran which have a high prevalence 
of hypertension and CVD. Our findings suggested that prevention and 
treatment of HTN should give a priority for decreasing the prevalence 
of CVD and its associated diseases. However, the main limitation was 
cross-sectional study design and possible influence of ethnicity and 
diet pattern of our population, supporting further prospective stud-
ies to explore the impact of emerging markers of hematological and 
biochemical factors on the risk of developing HTN and cardiovascular 
diseases.

In conclusion, in the light of worldwide epidemic of hypertension 
and its effect on cardiovascular mortality/morbidity, early detection 
and effective prevention of hypertension is one of the current public 
health challenges. As we show the association between hypertension 
and biochemical and hematological factors, routine blood test for high 
risk individuals, may be an effective prevention strategy.
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